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PAPERS

CONNECTED WITH

THE CONSTRUCTION OF THE MADRAS HARBOUR.

Yeetter from Madras Chamber of Commeree, to the Seervetary to the Government of Madras i«? Marine Depart-
went, on the necessity of providing some protection for ships lying at Madvag,—dated 318t July 186S.

The Chamber of Commerce bas bad wuder consideration a proposal to form a break-water
about 1% miles long, iu a depth of 6 or 7 fathoms of water, parallel to the shore of Mudras,
the effect of which wonld be to make a safe and commodious anchorage for ships, and to vender
the shipping uperations of this port independent of the uncertain aid of surf-boats,

2. 1 am now instructed by the Chamber to bring this subjest to the prominent notice of
Goverpment, and to urge the importance of some such work, wat anly to the special interests
of the body which I 1epxesent, but to the general publie, and 1o all who have any stake in the

) prosperity of Madras.

3. It does not come within the provinee of the Chamber to discuss the break.watar fmm
an engineering point of virw, 18 Government bas easy weans witlin veach ol ascertuining the
practicabitity of the wark, and of ablatuing un estimate of s eost sufliciently eloge to deude
whether the growing wecessities of the Madras trade justify the expenditnve. 16 may suffice
to express the strong opinion of the Chiamber, that if Madras is to do justice to the commoree
which her growing net-work of roads and railways is laying open to her, 1t is essential that her
surf be, so far as possible, done away with,  That this wonld be the effect of the formation of
a break-water is what the Chamber is glad to believe,

4. But there is another aspect iu which the formation of a break-water ought to be re-
4rarded aud that is, the absence at present of auything at all deserving the name of a barbour
of refuge on any part of the Coromandel Coast,  Considering the extent of this coast, and the
frequent storms that sweep the Bay of Bengal, the Lhamber cannot but think Government

"will concur in the opinion that, even if no returns were to be lioked for on the capital sunk,
money would be well and wisely expended that provided a harbour of refuge, That Madras
- as the capital of the Presidency, and the most important town on the coast, is the place where
such a harbour should be formed, the Chamber does not entertain a doubt, and it is ouly here
that a bregk-water would have a chance of combining financial success with inealeulable bene-
fit to thc fleets that frequent these seus.

. The Chamber is aware that the *financial success” of the break.water would depend
eutn‘ely on its cost, and when +hat bas been aseertained, it will be easy to’ealeulaté whether the
shipping of Madras can afford port dues sufficiently high to give a fair interest on the capital
invested. From all that the Chamber can learn, it doe:. not seem a tno sanguine estimate to
affirm that one rupee per tou, levied on the tonnage at present froguenting Madms, will yield -

a handsome retarn ou the most Liberal cstimate of the cost of the break-water. The Chamber
is quite sure that no ship-owner would objeet to the above charge per ton, when he considered
the differcoee of the secarity afforded his property by our present apen ro: adstead, and the safe
anchovage o breakwater would sive.

The Chumber further believes that a greater nimber of ships would be attracted to Ma.

drea than at prescnt, snd that we wonld have more {‘mduc» to AN them, no eneean doubt wha
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¥ CONSTRUCTION OF MADRAS HARDOUR.

'm;:akw:g a ?:xre:x-k_w,:tter_ ‘?ou!d bea gradual one, so mueh per annum for a certain vumber of years
The Chamber is of cpinion that a work of such magnitude and utility would be best acuom-
plished by Government and its servants, and the funds could he vaised without diflienity by
the issue of Debenture Bouds, similar Lo those issued for previons Tablic Works Loans. It
would not be long before the progross of the work would justify an increase to the present port-
dues, and so some return on the expenditurve would begin to come in to Government. In the
event of Government not enterbaining favourably the idea of undertaking the work themselves,
the Chamber would suggest, that a guarantee of 5 per cent. on the cost of the break-water he

ty Company that wndertalios i Torztion, Troeither 5f these wavs there woulld

be no diffien
would be the hest, the muking of a break-water heve being essentially an ““ Imperial work.”

7. The Chawber will tonk forward with auxiely to your reply to this fetier, and T am in
great hope that the project now laid before Government will meet with the hearty support it
deserves, and that the opportunity of initiating so great a work will not he let ship,

*
Minute by D1s Excrrzzxey Logp NapiEr on the above,—dated 2ed August 1808,

The Chamber of Commerce has submitted to Government an emphatie representation in
favour of a project often suggested, abaudoned, and revived—the construction of a break-water
for the protection .of the Madras roads. The Government have entertained the proposal, and
have engaged to prepare a plan and estimate for the contemplated undertaking. The subject
has been referrcd to the Department of Public Works. No one can dispute the importance
and utility of the design, and therc are many considerations, having reference either to the
permanent rights and interests of the Presidency, or to the accidents aud features of the
present time, which justify Government in affording it their prompt attention and carnest
advoecacy. : ’

' 2. The primary object «f a break-water is to shelter the ordinary cperations of import
and export commerce. ''fe recent accident to the pier, an accident to which it must always
be exposed, has presented a practical proof of the ms_ecurlty attached to‘ the imperfect agencies
th which the port is at present furnished. We want calm
laces ; facilities for docking and repairing ships; fagi
stores, and munitions of war; uniuterrapted

for shipping and landing goods wi
water, rafe anchorage, secur: landing-p
lities for embarking and disenbarking troops, : . i
commuuications, and exoneration from thé exclusive service of a skilled and privileged class of
boatmen. '

3. The roads of Madras, defended by a break-water, would not only form a convenient local
commercial port, they would also open a port of refage for all vessels navigating on this coast
of India, both against the sustained violence of the north-east monsoon, and the unforeseen
attacks of the rotatory storms, which from timc to time traverse these sens with destructive
powcer. s Chamber of Ccmmerce has justly remarked that there is nothing deserviug the
name of a harbour uf refuge on the Coromandel Coast. There 1s, in point of fact, no place of
veal safety between Trincomalee and the Hooghly. T have no weans of compiling the ealami-
tieg which have oceurred along this vast extent of monotonoas shore. Itis commonly asserted
that the value of tire merchandise and vessels wrecked within the memory of old residents,
on 5 miles of beach between Koyapnrain and St. Thowé, amounts to o sum wore than snffi-
cient to build a defensive bulwark which would make a single wreck impossible. 1 do not
Joubt if. This particalar point of the coast hus of late been wonderfully spared, but the
seiterated examples of Masulipatam aud Calcutta are caleulated to fix our anxicties on g peril
whick i always smpending.

4. The danger of a defenceless roadstead s, however, wot only a weather danger, it is
also a war danger. 1 would ask the Goverument to paiut to thewselves the roads of Madras
uat the beight of the export season witkout a break-water, but with a sea-breese, and a single
French or American cruizer in the oting,  The same picture would do on 2 smaller seale for
the Provinciul ports. The same scene of terror, eonfusion, dispersion, and disaster wonld every-
where oceur.  Bub the construction of an armed break-water wonld be u 1‘u1ﬁDart to the ships
in the voads, and wonld afford a vealy refure for all vessels scattered along the coast in the
vase of sudden emcrgency.

b. A defence so useful to the shipping wonld not be less usefel to the shore. 1t is eertain
that Madras is becoming more valuable. and more valuersble every day. The old works to-
watds the gea are rather a source of risk to the city then of safe.b)“ They would attract and
3ust;t‘¥ an at&a;zk. They would vever repel an enemy. Bat, while the place has become more
obnoxions to insult and aggression in conserjuence of the developments of maritime offence,

CONSTRUCTION OF MADRAS HARBOUR.

¢ Government have, for various good reasons, drawn out all their most costly establishments
naked array upon the shore. The Railway Terminus, the Sailors’ Home, the Commissariat ®
Fces and Depbls, the Custom House, the Stamp Oflice, the Offices of Government in the
vil and Military Departments at the Fort, the Government House, the Senate House, the
svenue Board, the Engineering College, the Public Works Depdt, and the Presidency College,
rm an extended front of public property ranked conspicuous and inviting in the face of a
stile fleet with the most slender provision for protection or resistance. 1 need only allude
the crowded and perishable Native quarters, to the Hospitals and Jails, to the Offices and
are-houses of the traders. Itis obvious thab ali the elements of weakness, suffering, sacrifice,
il disgrace are accumulated in this defenceless capital in a degree scarcely exemplified else-
here, cven on British territory. It is equally certain that a fortified break-watex \.VOl.lld
ford a great measure of sccurity tolife and property on shore, and that no other description
" works would give any security whatever.

6. To these considerations we must add another reflection of the most serionus character.
Tithout a break-water not only the trade of Madras must ever be insecure and intermittent
1d its establishments, inhabitant, and property must lie at the mercy of a maritime adver-
iy, but without a break-water the trade of Madras may cease to exist altogether. The
svelopment of the Railway system, which will shortly bring the central regions of India into
;pid and easy communication with either coast, places the existence of the old commereiul
nporiums in question. It is certain that the direction of traffie will not be determined by
\¢ cost of transport to the sea-board only; it will be governed by the convenicnce, salety,
scessibility, and charges of the maritime terminus, and by the relation in which that terminus
jands to the European markets. The natural advantages “possessed in these respects by
jombay will soon be reinforced by a most powerful artificial auxiliary, the Suez Canal. By
1ch a combination it is scarcely too much to say that the whole trade of India might be
rawn into a single focus, unless the ports on the eastern sea-board avail themselves in time
£ all the cxpedients by which science and labour correct the defects and tendencies of nature,
nd thus secare for each presidency an equitable share in the benefits of commerce.

7. The expediency of constructing a break-water at Madras needs no further demonstra-
ion at my hands, The arguments in favour of the undertaking are patent to all in this
residency, and were never so generally admitted and deeply felt as at the present conjuncture.
he enterprise is, however, onc of great magnitude and cost. Many impediments and delays
aust be encountered and surmounted before the first cargo of stone can be deposited in the
ea. The prudent incredulity of superior authorities must be patiently and slowly vanquished.
"he Sapreme Government and the Government at Home will require not ounly a demonstration
£ the necessity, the practicability, and the profitableness of the project, but that demonstra-
ion must be urged by all the influences which may be properly enlisted on behalf of schemes
£ public utility. The consent of scientific judgment, official sanction, and public support will
it least be indispensable, and to these powers it may perhaps be necessary to add the co-
iperation of private capital. It appears to me desirable that the design should not emanate
lireetly and simply from the Department of Pablic Works. It is one of a very complicated
haracter, in which many considerations of a maritime, military, commercial, and fivancial
atare are involved, as well as technical questions of engineering. I think that the preparation
f the plan and estimates may properly¥Be entrusted to a Commission emhbracing representa-
ives of the various interests concerned.  If my colleagues assent to this proposala they may
vaturally expect to see me add the sugwestion that the Seerctary for the Public Works Depart-
uent should be pluced at the bead of this delileration, Colouel Orr, however, cvnsiders that
10 can be of greater use as a source of information and counsel outside of the Comumission,
ind he is anxious to place all his ability and all his plans at their disposal. 1 beg, therefore,
‘0 suggest that & Commission be embodied by Gavernment, to frame plaws and estimates for
v fortified break-water at Madras, composed of the following persons :—Colonel Anderson,
Colonel Carpendale, Major Shaw.Stewart, Mr. Elphinstone Dalrymple, Mr. Eiwin, if he
will obligingly grant his services, and a gentleman who may be selected by the Chamber of
Commerce. The enquiries and the report of the Commission need not be limited to the pre-
paration of plans. They should be invited to deal with the subject in ull its bearings, includ-
ing the agency by which the execution of the work might most properly be nudertaken, and
the provisions by which it might be rendered profitable as a fivaneial investment, It is
pqssihle that, with the aid of a Government guarantee, the Madras Railway Company might
he disposed to associate itself to a project with which the interests of the railway are so
closely identified. Ido not, however, desire to diseredit the opinion enunciated by the Cham.
ber of Commerce that the break-water should bhe an Imperial work. The tmmense expendi-
ture sanctioned by the Supreme Government for {he improvement and defence of the harhour

Al
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of Bombay, and the labilities dircetly or indivectly incurred for the enconrvagement of Port
Canning, give the Government of Madras a right to appeul to the Government of India, and
an ‘assurance that: their appeal, if well founded and supported, will not be made in vain.

Order of the Croverniment of Madras, nominating cortain officeve th furm themselves into a Committee for the

preparation of plans und cstiwates for the proposed break-water,~~No 2778, dated 28th August 1868,

On fuller deliberation, the Government are of opinion that the suliject of constructing a
break-water at Madras involves the consideration of so many questions of a maritime, military,
commercial. and finanecial nature, as well ag of a technieal and enginecring eharneter, us

to render it expedient that its investigation should be en-
Colonel J, Carpendale, R.E. trusted to a Commission composed of representatives of the

Colonel J. C. Anderson, R.E. . . ) . ]
MZ;;:‘J. H, M. Shaw-Stewart, R.E.  varwus interests concerned.  His Excel]ency the Governor in.

Mr. H. ]1); il Dalrymple. Council accordingly resolves to nominate the Officers named
, Mr R. D Kwin. in the margin to form themselves into a Committee for the

preparation of the plans and estimates. M, Elwin has obligingly intimated his willinguess to
grapt his services, and the Chamber of Commerce will be requested to nominate to the Com-

mittee a gentleman to represent that body.
2. The enquiries and the report of the Commission should not be limited to the prepara-

tion of plans. They will be requested to deal with the subject in all its bearings, including |

the agency by which the exccution of the work may most properly be undertaken, and the
provisions by which it may be made profitable as a financial investment.
) . .

Report of the above Committes,—dated 16th January 1869.

We have the honour to report on the sabject of a breék—ymter, which- was refesred to
as in Order of Governmcnt No. 2773, of the 28th August 1868, In prusecuting dnr enquiry
we Havé been fully impressed with a senge of ‘ , “delibératio
and. while availing ourselyes of all information on record, we.have aiao_ifrq?]y m@,gm;m opic

i t;s of a variety of geutlé;nen, who were qualified, by p.mfesm‘on m}d experieuce, t? md“ in
?lomiﬁ a correct judgment on the several heads into whieh ’fli_w sgb]ecf; naturally d1v1des‘xsv.§§]
a‘x)xrd (-,h? evidence of these geutlemen will be found in exfenso 1M Appendix A,

" 9. Blackwood’s Harbour.
* construction ‘of a break-water,

would be incomplete without referenee to the alternative preject
. roving * Blackwood's Hasbour,” at Armogum Shoal, 45 miles vorth of Madras,
of 'IY_‘Y!P lways has advocates when the subject of a break-water or a harbour at Mudras is
;"J:;‘;;:; e:ll ; b}; ¢ having reeent bvidence, in the_ case o‘f < Port Canning,” of how futil'c it s to
ot to divert the tradesof an old-cstablished city to a new ;sqrt, however great its nuatural
esped - we did not consider it nccessary to extend our enquiry to the site in question
a‘i"".nt?’gﬁ’.‘ as our instructions Iimited us to the improvement of the Port of Madras. We
I[ﬁztmzoaj;e": inGidentally mentiou that Blackweod’s Hatbour is formed by a shoal very simi-
4 M) °

lar. as re avds its action in producing still water *s}mre, to a detached break-water parallel
ar, § 2] . o
to the beachi.

3. From the tenor of out instrnc.tinus it is to be '\‘nfem’cd th;.li, the QO\’ez-nn{ent are fully
convinced of the necessity of some 1mp_r0v¢fmcnt to uhﬂe pi)r?; pemg devxﬁed, and that a break-
water of some kind would be the most suitable means»oﬂt sttainiug the object, but we folt that
pur report would be move f:mn_plate, and more ﬂ;lt'lfjia’\it\v;f-}.v to the authorities at u distance,
before whom the project may ultimately come itu- decxsun?, if it embraced the question of a close
harbonr ; and we Ufst we shail a0t be considered t«)_.l_mvv travelled beyond our provineo, if
for the same Teasuns, we hricfly netice the present condition of the port, and the altered eir-
eurastauces whick the construction of o break-water iz exproted to produce, .

© 4. Preseut condition of the. Poit of Madras.—The Port of Madray at the prosent. time, 8o
far as the facilities for trade are coneerned, dillors very hiltle from what i was nerly 250 years
ago, when, as a small fishing village, 1t firsl attracted attention. It femains up 'open romds
. atend, destitute of any matural shelter, and still waprovided with any artificial sabstitute,

and ite surf atill offers an insurmeuntahble difficully to the passuge of boats of cvery kiud, except

he primitive Massolzh boats.  But ihough manned by thivteen trained men, u Magoolah boat

. :hm‘_ o ton in heavy weather. The very skill of the boatmen is one of the difficulties of the
port, for their mmrs.bers being limited, they ave uble to seb ragulations at defiunce, and to ehrrio
pretty wuch whab thffy like,—bwise, four, and six times the legal hire being a common tate

the respousibility attaching ito our: deliberations, -

—Any report on the improvement of the Port of Madras by the

darties unly one snd a hall tons us weovdivary load e the finest weather, and often less than
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and ten times by no means uncormon ; well knowing that the covrse which wonid elsewhere
be followed of importing additiona) men from othier localities, would be inoperative at Madras,
for in consequenee of easte prefwlices, and the disinelination of the Natives fo adopt customs
ar to follow trades which have not been follownad by their fathers before them, the ordinary

laws of political econoniy eannot be applied in thejr Integrity in this countyvy, aud it does not
follow because thercis a greater demand thaw sapply of Muscclut boatmen, and w very hand-
some profit 1o he veaped by those who might qualify for the oceupation, that entsiders will

Cqualify for it and come forward W break the wonopoly.

0. Uljections to the Port of Madras—~The great objections, then, to the Port of Madras
AL —— '

1s#.~~That it is un cpen roadstead, destitute of shelter, which renders it neecssary, on
the approach of a gale, for ships to put to sea for salety ; or if outi of irim or ballast, and un-
able tu put to sea, to incur the imminveut risk of dragging their anchors, or of parting from
them and going ashore, complete wrecks. ‘

Qud.—'That owing to,the commuunication between the shipping und the shure heing for,
the most part by Masooluh boats only, carrying one anl a half tons at a lime, the delay in
loading and unloading is so great as to deter mapy ships, to which a preference would b
given, from coming to the port at all. .

3rd.—~That the actual cost of landing and shipping cargo, even at Jegal rates, is needlessly
great; while the muzh higher rutes which the mercantile community pay on demand, rather
than incur the inconvenience and odium of prosecuting the boatmen, enhances the cost o
wmuch as to become a formidable addition to the charges of a Port otherwise regarded us a cheap
one. ‘

di4. —That, notwithstanding the skill of the hoatmen, the damage to gouds from spray
and from shipping seas in crossing the xarf, i a very serious consideration. .

6. Serew Pile Pier.—It is lrue that the Serew Pile Pier was constructed with the object
of overcoming these diflicaltice, but just when there was a good prospect of its turning out a
atecess, when people bad become aceustomed fo frequent it, aud wheu suitable careo boats had
been brought into nae, it was stenck by a Franch barque, which bad drifted from its anchor, in

by no weans bad weather.  The resalt was the totul wreek of the vessel, and a breach in the

body of the structure, 230 fest in Jength, which it will take more than twelve montls to
repair.

7. xidm‘;vz.tagés of a dreal.waler—~The objeet of a brenk-water is'to create comparatively
smooth water between it and the shore, where vessels of all kinds ean anchor, aud, it s Delieved,
shall be able to ride ont a gale iy salely either at theiv own anchors or at fixc
will furnish a harbour of vefuge also to ships within a considerable distance of Madras, both
from the violenec of the gales =0 prevalent at certain seasons i the Bay of Bengal, as well as

domoorings, Ik

from the armed vessels of un coemy; but the principal advantage it will afford at ordinary

times, will be in the effect it will have in completely sub:daing the surf, and thus of allowing
,"f_ cargo being loaded or unloaded by boats of or‘dinm'v eanstruection and of lirge dimensions,
.WIth the result of a great reduction in the time of a ship’;‘ détention in the roady, and an equally
lmp.ortanh saving to the mercantile community, by a lowering of the scale of boat-hire and the
avoidance of damage to goods. L
8. Colonel Orr’s design.—On our Rrst meeting, Colonel C. A. Orr, R.E., ploced before us
Appendix B. a memorandum with illustrative drawings of tbe Lreak.water '

. : proposed by Mr. deClosets and himself, and which” we shnlly
dUSC‘:lbe hereafter.  'We have also received for consideration several other desigus by professional”
Engineers, which we shall notice separately, :

?' Close Harbouwr—We fully considered, at an early stage of sur proceedings, the
question 'nf' f‘OTAmng a closed harbour in preference to a break-water parallel to the shore, and
we are of opinion that a harbour formed by stone dvkes running out at any angle with the
shore, aud for any length, would be ineffectual, and that the inevituble result of such a con.
strnetion in the Mudpas roads would be the eventual extension of the beach, and the complete
closure of the mouth of the harbour, followed in course of time by the shoaling up of the
harhour itself. . .

10. Design by B. F. Chishoim, Esq., C.E.~Wo gave our best consideration to a geheme
laid before usby Mr. B. F. Chisholm, C.E., for {he construe.
tion of a break-water, fvrmed of a combination of stone and
timber framework, on the principle wirdch has begn adopted for s bréakewaier st Blythe, on
the coast of Northumberlund, and while recognising the ingenuity of ‘this plau, we ;u.’-p, of
opinion that very great difliculty wonld be experienced in raising a structure of the kind Vd -
seribed, in the heavy sea which frequently prevails in the Madras roads; vhat it woold Le very -

" Appendix C.
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h_able to be destroyed in the process of construction by a storm ; and that, even if it
r}@d (;o ecompletion, no dependen_ce could. be placed in the durability of any framework
since it has been proved that this material, whether creosoted or not
of the Teredo navalis in the Madyas roads.

‘WGI’(% Car-
of timber,
» cannot resist the ravages

11. Break-mwaier of screw piles and screens.—~We ave also of opivien that a break-water

"I the form of an open structure of screw pile work, furnished with screens for breaking the
foree of the waves, would be wnsuitable.  Not oply would such 8 work be excessivel ¥ cxpen?’sive
owing to the great depth of water to be dealt with, and the depth of soil which would have
t0 be penetrated in order to insure its stability, but it would be lable o injury from ships run-

ning fool of it. :

Y2 Design by Mr. J. P. Doyle, C.E—~We read with great interest Mr. Doyle’s able and

very carcfully considered report; lut while we acknowledge
that the design has dreat merit, wo are constrgined to record
that. in our opinion, il has the futul ohjection of the encrmous expense which wonld bave to
*be iucurred in serewing piles in so great a depth of water as 42 feet, and in the pay-
wment of divers and other skilled labourers. We also censider that the proposed extension of
the pler to meet the break.water, and the gaps in the solid construetion, whould be a great
souree of weakness, and further, that it is extremely doabtful, even if the work were com-
pleted ag proposed, whether it wonrld have sullicient strength to withstand heavy blows of the
sea in a bad weather, while it would also be liable to sustain serious injary from vessels falling
foul of it, - ‘
13. Design by Ar. W. Fraser, C.B—~Mr. Fraser advocates the formation of a closed har-~
Appendis E. bour, aud has furnished us with a memorandum explanatory
_ of his reasons for preferring that mode of constraction to a
“break-water. He is of opinion that the quantity of sand aud silt in motion along the coast
at Madras is very small, and that it receives little or no accession from any source ; also, that
groynes thrown out from the beach, at points to the north and south of Madras, would inter-,
cept the greater part of the sand, and would prevent the small quantity which wodld coptinue
in motion from ovecasioning avy serious injury to a bharbouy formed by solid piers fun frim the
shore at Madras, into six or seven fathoms water, N ‘ R R
We cannot agree with Mr. Fraser either that the quantity of sand wlnc}x is carviod alung
the shore by the littoral currente is of so limited an amonut as to render it capable of Leing

Appendix D.

* vontrolled by artificial works, or that the effect of alseries of groynes would in any way difter s
from that of the small groynes whieh have already been thrown out from the beack at Madras -
which bhas practically resulted in the extension of the beach to near the ends of the groynes

The actual quantity of sand moved along the shore is certainly unknown, but if the construe-
tion of groynes leads to the formation of a new sea-beach in advance of the original one, and_
precisely similar to it, the inference is, that either the sand which has been heaped up was
derived from material brought to the spot by littoral currents, or that, if it were thrown up
by the surf, the quantily thus obtained from the Led of the sea was replaced by an equal quan..
t{ty brought from a distance. We consider there is strong reason to conelude that if a beach is
_extended a hundred yards by means of groynes, it might be extended a hundred yards far.
ther by continuing the process, and in each case a new line of beach being formed preeisely
similar to the original beach, there would appear to be nothing to prevent the shore being
extended to any amount that might be desired.

On these grounds we consider Mr. Fraser’s project as altogether unsuited for the Madras
roads.
14. Design by Mr. Bymer-Jones.—Mr. Jones’ project differs from Mr. Fraser’sin provid-
ing a combination of open screw pile work and solid mason-
1y piers instead of solid piers throughout ; but although the.
space thus left near the shore ends of the work would allow of the littoral currents passing
close along the shore, we do not consider this would suffice to prevent a shoaling up of the
harbour where it would be screened from the action of the current. The water would be still
there, or what motion there would be, would take the form of eddies, which would draw in
the sand or silt in suspension along the line of the current, and deposit it in the bottom of the
larbow. Moreover, as the solid work of the piers would expose a large surface of resistance
‘to the currents running pdrallel to the shore, the latter must be deflected either into two distinet
streams, one running along the beach, and the other along the outer ends of £
one outside the pier ends only. Now,
fact that the resistance to motion thro
“wonld be greater than if there was no
- concluded that the tendency to motio

Appendix I".

@ piers, or into
both from the form of ‘the praposed piersf and from the
ugh the scrow pile work at the shopé ends of the piers
work standing in the way of the current, it is to- be
0 towards the outer end :of the piers would preponderate

R
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from the very first; that this tendeney would go on inecreasing the longer the work was in
operation, and that, as every portion of motion lost from the line of the shore would lead to
a deposit of sedimentary matter, the final shoaling up of the bed of the sca fo the outer end
of the proposed harbour, followed by the shoaling of the harbour itself, would be the inevitable
result.

Mr. Jones proposes to ecoustruct the piers partly of couvsed masorry. The principle of his
project is unaflected by the nature of the materials used for the piers, but, as we have already
mentioned, we consider that a style of construction which would necessitate the employment of
a vast amount of skilled labour is to be strongly deprecated. ‘ _

15 Dexign by Mr. George Wells, C.E., and Captain Heathorn.—For the reasons stated
at length in the preceding paragraph, we cannot recommend
for adoption the preject brought forward by Mr. George
Wells, C.E., and Captain Heathorn. '

16. Design by Mr. Samuel Perkes, C.L.—The objections which we have urged aguinst
‘ the adoption of a closed harbour in our remarks on® Mr,.

D Fraser’s project, are equally applicable to that submitted by
M. Perkes, and being strongly 'of opinion that no elosed harbour at Madras, however ingeni-
ously arranged, could be protected from ehoaling up, we cousider it unnecessary to enter upon
a detailed examination of Mr. Perkes’ design. 'We may, however, renqark that if there is any
truth in the tradition that the shore at Madras was formerly 2 or 3 miles in advance of
the present line, it must follow that the sea which has shown its power to abrade and carry
away so vast an amount of material, must have equally the power of re-conveying a like
amount of material, and of depositing it in the former posjtion.

" 17. Two plans of boat harbours have been snbmitted for our consideration, one by Captain
Taylor, R.N.R., Commanding the Ship “ Renown,” and the other by Mr. J. Bell, an Assist-
ant Engincer in the Public Works Department.

18. Captain Taylor proposes to extend the present pier head to a length of 500 feet, to
protect it from ‘injury from ships by large \n)oms_ moored at sowe distauce from ii, and to
break the swell of the sea by means of a coir net hanging outside the pier head and weighted
at the bottom. This, he considers, would suffictently subdue the swell to sllow of hoats plying
without ditiiculty to and from the beach in wmoderate weather, e further proposes to excavate
a basin on each side of the pier end, which would form a boat harbour, the mouths to which
would be nearly in the line of the existing beach. The central part of the pier would be re-
moved, and a suspension bridge thrown over the gap, to keep open a communication for
passengers, as goods would be landed or shipped i the proposed harbour. Baats could then
pass from one side of the pier to the other, and make use of the north or south basin, according
to the stalc of the weather.

19. For the reagons stated at length when the question of enclosed hurbours was under
our consideration, we caunot believe that the mouths of the puoposed busins could be kept
‘open by the aid of dvedging, or that the surf would be sufliciently subdued to allow of boats of

Appendix G.
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. ordinary eonstruetion taking the place of the Masoolah bouts.

20. Mr. BelPs projeot is to construct a break-water parallel to the shore in the liue of
the pier head, aud to a length of about 400 yards. Ile estiwates that a work formed of an
outer cosiug of concrete blocks and a bearting of Joose stone, could be built for R5,00,000; and
that the pier could be protected from injury by means of guard chains. e would form the
break-water itself into'a quay, and thus give the port the advantage, of which it is most in
want, of convenient means of shipping and landing cargo.

Mr. Bell arrived very recently in Madras, and canuot bave acquired sufficient expericnce
to allow of his drawing up a reliable cstimate of the cost of the work hie advocates. We con-
sider it would be far more exponsive than the existing pier, which cosp 111,080,000, that
to ensure its stability it would have {o be of a much more massive coustruction than he sop-
templates, and that by its being within the limits of the shifting sand, it would be liable to
favour the accumulation of spitg ab its ends,

21. Though we are of opinion that Me. Bell’s plan is ingenious and bighly crediiable to
him, considering his very lmited knowledge of the locality, we caunot recommend it for the
approval of Govarnment.

22. Design by Colonel Orr and Mr. deClosets.—~Thero only remains then in our opinion

Appendis B, one plan which is suitalle to the circumstances of the case,

that proposed by Colonel Orr and Mr. deClosets, vir., a

strusture of rongh stone on the priuciple of the Plymouth Break-water. "The idea ig by no
means a pew one. It was advocated repeatedly by Capiain- (cow Li(_-utemnt-(}enera‘l) ’ Si;‘
Arthur Cotton, K.C.8.L, aud by the late Colonel delfuviland, 4 distinguistied Offiver of (e
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Madras Engineell‘-s, so far back as 1836 ; and, even so late as ten years ago, when the screw
pile pier was about to be sanctioned, Sir Arthur Cotton strenuously urged the construgtion of
a break-water in preference. We do not forget that :the work which was begun was cons
feasedly a eover for hoats only ; but in his report, referred to above, Sir Arthur wrote ;=

“what T have here said refers chicfly to the cost of a work of small extent, intended only for the securing of
the landing, and not for covering the anchorage. 1f an estended work is undertaken (and T trust the subject
will never be dropped again till Madras is as good a harbour as it i+ now a bad one) the method of calculating
the cost will be different, inasmuch as it would then be worth while o execute any work that would facilitate the

communication from the quarry to the break-water, &e., &e. ; )
Aud it has renrained for Colonel Orr to bring the project forward in a complete form, and of
asmagnitude suited to the circumstances of the case; and we entirely acquiesce in the argu.
ments advanced in his memorandnm in support of that principle in preference to any other.

93, Position of the treak-water and its length.—We accordingly beg leave to recoramend

that if the break-water is decided on, it should be constructed in a line parallel to the beach

and at the distance of 1,200 yards from it, or 900 yards from the outer end of the pier, which

*will be in a little over seven fathoms depth at ovdinary low water, and that the length be that
proposed by Colonel Orr, viz., 2,000 yards. As regards the distance to which .the ends of the
break-water should extend to the north and south of the point opposite the pier head, we are

divided in opinion, three of our number advocating the adoption of the arrangement px:oposed ;
by Colonel Orr, vie., 1,200 yards south and 800 yards north of the pier, am.l opposite the :
Light-beuse and Railway termiuns respectively, and the other four being of opiaion that the ;

distance on both sides should be equal. - ;
24. Section of the break-water.—We consider that the section of the break.water pro-

posed by Colonel Orr would be improved by continuing the exterior slope of 5toltes |

)
depth of about 15 feet below low water mark. In other respects we accept Colouel ers
design for the section of the mass of the work. The wall on the crest, shown in dotted h.nes
n Co]on‘el Orr’s sketch, we deem cssentinl for the protectipn of the shipfpi‘ug, m’xd‘ we consider
it would be built on the cuter edge and joining the exterior slope in'a curve. .

\ 25. Splayed ends—The splayed ends proposed to be giygpfg;}h}é
erhaps, facilitate the eutrance of shipping,.and also by camﬁ;g an b nook
}? i -nocamulation of sedimdntary matter; If they
littoral current, serve to prevent the accumuiation of sedatas B otonel Orf
we recommend that their length and shape ghould be as pro ¥ )

not attach much importance to them, and wonld advocate u@ecision regarding them bein
deferred until the rest of the work sh .

all have been constructed.

p . " gloné.—— ‘ : '

zat: Snol,‘::ig gtzl‘lj;pgfa:{rinl for the break.water should be procured, and in our investiga-
gource fro ater

btaining ‘the stone from Palaveram, 10 miles from
tion have compared Lh?nati;xzngzie; aﬂfozi)t’fgct’ ;’; e ten Sholinghur on the southowest line
Madras ; Seetanfl‘;iﬂl‘"‘, ‘552 miles ; and Trittany on the porth-west line, 504 miles; and we
of the Madx’afs Ra;hwa} f,e{‘ereﬁce to Trittany ‘in consequence of its affording the necessary supply
are led bo g‘rf nevgni';ant form for economical quarrying, and becasse the means for convey-
in aremarkably ?\L/)I adras by the Madras Railway are much superior to any other method which
e stone to * ed, both as regards economy of time and certainty of supply ; and although

ing th
has been S“ggeSt_ .
s ated cost is consl T . .
:hebest"mi:;}l);e d, not only that the cost of conveyance is in one case a certainty, and in_ the
o be rem » B
o§hers .v'erg's timated expenditare, will, by the employment of the Madras Railway as the means
1”:etem:em‘timr the material, be in one sense returned to Government, and go to reduce by th
of tran . - . .
e ¥;f pl‘()?lt on the undertaking the Government guarautee for interest.

97 Mode of construction.—We recommeénd that the stone should be oarried, Wihhodt ;,
blfeakin;g bulk, from the quarries to the end of a pier 300 yards in length, which should be con.
) ’

"~ structed apposite the ymlway termitias, for the purpose of fagili;‘tating the delivery of the stane
" into boats, thence to be towed by the aid of sbeefm tugs to the site of the work, and.there de7
posited by cranes, care being taken to reserve &l the largest stone for the outer portion of (thfe
work from a line 15 feet above the bed of the sea, while all below that line, as well as in the
body of the work and for the inner slope, may be of small stones. ' .
' 26, Anticipated objertions—Having now discussed the nature of the work we recomn‘yeqd,
e think it advisable to anticipate objections which may possibly be raised against it, before
* we procesd to take the ¢ost of the work into coneideration. , \'
: Billing of Harbpur.—The mést nataral objection won

1d be that;as thers is a largé bed

the wilting up’of the harbour. .

- accsrapanics this report.

“gider would depend on the quantity and density of the matter carrvied in sus
_rents which sweep past, on which point we have no certain informatiod,
that very little silt is held in suspension, and that if such a

We have very carefuily considered the question of the

" in 1864 at the Admiralty,

- . * we know, there is 1o case
derably higher than that of stone obtained from other places; it bas . | m

doubtful, but also that the whole cost of the carriage, equal to half the amount of

- waler always existg i

- that proposed, would, entirely free the shore of the surf which n
. ghipping of ecargo, exeept for a limited distance from the points 5p§'

. are of opinion that the shipping would be effect

sapd whwh is in constant motien by the surf and currents, the creation of a Jurge
tively ;B’Gviﬂ,}vat,er inside the break.water, would lead to a deposit of sedimeuh’ .
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Our knowledge on this particular is as follows :==There is the wide bed of loose sand in
constant motion, and the depth of which varies as much as 8 feet at the pier head, which

48 1,010 fect from the shore, as evidenced by soundings taken along the side of the pier perio-

dically for a series of years, We can form some opinion also of its extent by a comparisou of the-
beach as it now is and as it was before stone groyncs were thrown out some 12 or 18 years ago.

The European diver, who has walked all about the bed of the sea from opposite the Fort
up to opposite the Railway terminus, and as far out as 11 fathoms depth, inforws us that the

.lcose sand extends as far as six fathoms only, beyond which the bed of the sea is stiff blue clay,

with a small depth of firm sand over it, and he adduces, as evidence in support of his state-
ment, the circumstance that while within the six-fathom line the height of the sand with re-
ference to fixed articles, such as aunchorg, is variable, e has never found any variation at a
greater depth, and as soundings taken under the orders of the Master Attendant while our
Committee wgs sitting give the same results as the published chart by Lieutenant Sweny, of
the late Indian Navy in 1839, there'is very strong ground fog
believing that beyond the six-fathom line thers is no seusible
| _ variation in the bed of the sea. And if that is the case now,
there can be no cause for apprehending any variation after the construction of a break-wuter,

I, Estension. of the foreshore.~Wo are of opinion that there will be a cortain extension
of the foreshore, which would adopt a more abrupt slope than it has at present, but that the
capacity available for shipping, and the facilities for communication to
would thereby be increased rather than diminished.

III. Obstruction to currents~~The next objection that would probably be raised is, that
in consequence of the break.water preseniing a considerable surface at its ends in 0pposit{on to
the current, spits of sand would form in prolongation of the line of break-water, This we con-

peusion by the cur-
but we are of opinion

‘ spit did forin during one monsoon,
it would be removed during the nest from the opposite quarter. There is not, so far as we are

aware, any similar structure in the world erected under exactly the same circimstanees, but
happily we have near at hand, sz, in the Armogum Shoal hefore mentioned, an analogous work
formed by nature, which has created a vass area of comparatively still water, in cxgxctiy the
same way as 2 break-waler is intended and expected to act at Madras.

That shoal, which is 18 or 20 miles long, is distant 14 miles from the shore at its
southern extremity near Poondy point, and 5 miles distant at its northern extremity, The
depth of water over the shoul is very variable, but in front of that part of the harbour which is
marked as the anchorage, it is from two to four fathoms, the depth of water in the harbour

Transferred to the drawing which

and from the shore

being from five to seven fathoms. How this shoal was formed, we are unable to say, but it isa
. romarkable fact, and one which goes far to support our opinion thap there would be no shoaling
“of the barbour at Mudras, that so far from there having been any silting up of Blackwood’s

Harbour and its southern entrance, the soundings on the chart puh]ishcd in 1851, and correeted

are actually decper than these on the chart dated 1821, and, so far as
of 2 channel between a rock, an island, or a sand bank, and the shore
vuil, being silted up. The channel always remains, and on & small
l_»]e of a similar ease at Madras, viz., at the pier head, where, on account
being clustered together, sand accumulates in large quantities, Deeper
‘ ‘nsule the pier head ; and, on full consideration, we see no reason whatever
to appr_ebend any injurious consequences resulting to the harbour either from silt carried in
suspension, or from the bed of loose sand before mentioned.

V. Surf not subdned.~Another probable objection would be that g break-water would "
not entirely get rid of the surf, and aleo th :

ot | at when a gale was blowing from the north a heavy
sea would get up 1nside the harbour, which would imperil vessels at anchor: further, that
ships conld not ride out the violence of

‘ e ou len a gale even supposing the water was tolerably smooth,
In reply to these objections we Gesire to state that we consider that a break-water, such as

ow impedes the landing and

where littoral currents pre
scale we have an exam
of a number of piles

list; osite the extremities of the
he mdjority of the nautical men whom we have consulted, we
ually protected from the heavy seas raised by

thawvind blowing across the Bay of Bengal, and #hat no danoes
hended from ordinary gales from nortls anil south. YOS sonsequences are to be appre.

) 9. Former objections raised to Ssr arthur Cotton’s 6rmk-z¢('z£¢r,-_we forther consider
desirable to note the objections which.were raised on a forimer oecasion, ang which » soer 1t
. . . R e e b . By B WhIch ure por
in Captain, Qow Lientenaut-Grenera? 3t v Krthur Cotion’s et e

0 letter of 1943, W orden
SOL B IGITOT O Pmi . Mb.ieeo., ¥ < -~
(2134 O (AL HIEE S T N‘\-"-i"iubur 1827

work, and from the evidence of t
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Ist.~~That a stone break-water would be swallowed up in the sands.

nd.—Thot w will be dispersed by the first horricane,

3rd.~That it will not prevent the surf breaking,

4th.—Tt will cost an enormous sum of money,

Bth.—-1t will colleet sand about it and become connected with the shore, and the surf will

form ontside of 1t,

1.—We consider that the circumstances of the prescm proposal are so different to that of
the boat break-water proposed by Sir Arthur Cotton and commenced in 1886, that there need
not be the least apprehension under the first head. The boat break-w-zter, at the time the
stone was deposited, was only s little outside the line of surf, and in the bed of loose sand.

From souudings now taken it appears that the heap of locse stones has completely disappeared, and

" that the sonndings over the side differ very little from those in the neighbourhood. There can
be little doubt that this is owing to the outer line of surf in ordinary weathey baving moved
o the outside of the breuk-water, in consequence of the extension of the shore, whwh has
been carried out by means of groynes, bul the break-water now pr0posed being intended to be
beyond the range of the loose sand, and where the bed of the sea is firm, will not be liable to
undergo any gubsidence which could injuriously affect the work.

' ' 11.—The ¢russ sections proposed, aud the size of the stones which it is intended to use in
that part of the cuterslope where the fores of the sea would be greatest, are such as we eonfh
dently expect, will satisfactorily dispose of ob]ectnon No. 2 '

I11.—We consider there is not the slightest cause for apprehension of any surf prevmluig
within the limits of the break-water, except for short distances opposite the north and south
terminal points,

1V.—A million stetling is undoubtedly a very large snm to be expended on any one Wolk
not desigued with the primary object of being of a remunerative nature, but when it is

"remembered that an annual revenue of £70, OOO is to be expected, aud that it is caloulated on

* “the datz most unfavourable to the project, inasmuch ag the tonnage of the Bhlppmg is taken at

the very lowest estimate, and the rates of toll equally. fow, we veut.nre
commends itself as a financial mvesbment to favourable consldm‘ah.
reasons advaveed throughout this report. i
V.—The difference of the conditions under wbmh the break-water‘ P
referred to under the head of objection No. 1, waﬁ'ants us m expressmg a con

apprehension need be felt on this score. o
that :;a.p%ctzmate.—-—'l‘he cost of the stone being the heaviest item of expendlture, we wmu

give the details of the cost from each place: ‘before framing ope general estimate.
Seetanagrum, as estlmated by Colonel Orr— v

ﬁdent‘a

Quarrying and lcading on boat, per cublo vard S
Carriage to Nizampatdho, ditto . .
Transport from ditto to slbe of break.water, ditto .

vo=R
TN
g=o®

-

Tota] per cubic yard . 3 8B 6

e added the cost of deposxtmg the stone on the site, the eost per cubic yard
.9, which would give an average on the whole cost of the project of

and 1f to the above b
will be increased to R3.12
R5-14-0 per cubic yard.

me Palaveram the estimated cost is—

v

& a. p

Qua.rr‘ymg, Per cublc yard . 2 4 8 |
Loading oD trucks . . . . 03 2
Transport to boats outside sutf by 2 pler ] . ooes
Loading in birges . . . Co . . . . 08oe
. 'Transport to site of bwak-water R . . . . . .. 0 4 0
,;Deposmng on site . . . . .. . . . . 02 0
vh-_
Total per cubm yard 3 9 4

( wlneh would gwe an average oni the whole cost of the work of Rdn15- 10 per cubic var&a«
From Tuttany ithe estimated cost is— _

R ap .
Q\mw*ing an& loadmg per cubic yald . . Yoo -
pt '7 i Ralt chrriage, 51 miles, at half anna per ton, and supposmg wetgbt of a cnbm yard - #*
L Seitwel tons, Will be per wbsc yard . . R B I
) oading ov bosts co o e .. U e 40
| mmgmfl’m au& deposxtmg R LT, ., L. 026
.!1 S b ' R T : PRI
' . (Tata} per cuble yard . 409 8

(O
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or om the whole cost of the project an averao'e rate of R5-10-0 per cubie yard " The ared of
the cross section, modified as we propose, is 912% yards, which for 2,000 yurds in length will
give as the cubical content of the whole work, with a uniform section 18,2 5,000 cubic yards.

Add enlarged space for the Batteries at each end . . . 59,2947
Add content of sea wall . . . . . . . 18,333

- Total cubie yards 1,897,628

Detaaled Estimate of Cost of Superintendence.

At the daily rate of 1,000 cubic yards, or 2,000 tons, of stone, which the Railway
Company state they can convey withont difficulty, and upon the supposition that this rate for
the carriage and shipment of stone can be maintained during pine months out of the twelve,
or, exdudmg Sundays, during 235 days in the year, the quantity of stone deposited on thg

| site of the break-water during each year will amount to 235,000 cubic yards, or 470,000

tons. The whole of the stones ought therefore, to be deposited within eight vears of the
completion of the shlppmg pier. .

80. In calculating the cost: of superintendence we assume that the work at the break-
water will not be commenced until one year after the construction of the pier, and the oper-
ations at the quarry have been taken in hand.

Scale of superintendence. X g:l‘;cfy]y Alloyance. Total,
R R R
" Superintendent of Works . . . .o . 1,000 | 150 1,150
: QUagRy.
1 Executi ye Engmeer, 2nd class . . . . . 750 120 870
1 Bupervisor, . 1st do. . . . . . 200 60 260
2 Overseers, stdo. . . . . . 200 90 290
3 do. Snddo. . . . . .| 240 | 135 375
; Apotixocary and Dressor . . e . . 150
j‘ Oﬁns Esllbluhment Ce e - | 400
: ’Per mensem . . . L . . . e 3,495
" Por annum . . : . . . . . .... 41,940
| Fornineyears . . ., .- ., . . 3.77;460 |
o o For the Break-water.
am—s ; -
| Salary, Allowance, Total,
| | . . R : R _' R
" 1 Executive Engineer, 1st olass . . . . 900 120~ 1,020
1 sub;mngineer, 2ddo. . . . . . g0 | 90 390
Y. Supemaor, oo fnddo. ., . 150 60 210
‘, P Owrsebm, S 1st do. L . .. $00 %0 290
D | Supenntendent of Steam Tags and Buge- . - ‘ 403
Offioo Eatabluhment oo o 300
Per mensem . . . e w | sem
Par @num .“' . Lo . . . e oo 81,320
“ A For soven yoars . R o ‘ 2,50,560
s g e et e g e

T AR L LT D e .
~ S T
T
H
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stimale of s er, tol th 900 feet. . . A
Estimals of proposed Piei ’i‘iial length JO{) {ee o - Bstimate of proposed Dier, total length 900 feet.
Sulary. Allowance, Total. 820 feet of pier without fonders. . . .
— ; lisg ( b £ a p. R a p. R e p
. . - . Cost of iron piling (a bay being 10 feet ) i
Iron Piling without Fenders for a run of 10 fect. R R a. p. # a p. entre fo clgmre) - y . g : bf:ys 62 3231 0 0] 264942 0 0
Wrought iron-work in piles . . ‘ . Ibs. 15,288 ) 150 0 0 1,023 12 o 'Permanent-Wuy for three lines of ] ™ . o
. ; rai . . ; . railleng i) 0 0. 9226 0 :
Do. in braces, ties, &9. ) . . 7,840 01 3 612 8 0 rails | rail length 123 1 75 0 0, _...___.‘.i._l,.._o_ 274167 0 ©
Cast-iron work in pile heads, screws, &c. . " 3,380 010 206 12 0 50 feet of pier with fenders.
Teak timber : : : : ‘ - C.Ft 168 380 588 0 0 Cost of iron piling (& bay being 10 feet . ’
Planking gavgways . . . . Sq. Ft. 120 010 0 "5 0 0 - centre to centre) . . . bays 5, 3231 0 0" “16‘,155 [
o . B e . 6! 1582 0 0 912 ¢ 0
Cost of screwing piles .. . . No. 4 100 0 0 400 0 © '(?0“ of fenders for a bay (do) 1 ’ . | R
. . . Permanent-way for three lines o ;
Carringe of waterlale . . .. . Toms. 16 200 3200 o it O P aillength | oW | 750 0| - 862 8 0 s .
- Contingencies . . . . . . . i vor 23 0 o coonan RPN . ‘ ‘ b 908 8 0.
—_——— 20 feet of pier on Thead.

3231 0 o

Fenders for a run of 10 fect not on T’ head. Total cost of sfm&dmg 4 per annexed

) estimate .- . ‘ T 12821 O o
Teak timber . . . . . . OGFt 216 380 756 0 0 _ o . : _ | 0
¢ Lo Cost of piling . .~ . . + No.| . 7 8281 0 O 22617 0 ©
Planking . - - . .+ . . SqF.| 2% 010 0 197 8 o . P = n N ..’ I ,
- V i Four piles extra s . o lbs, 15,288 | 150 0 O 1,023 12 0
Wrought-4#on work . . . . . D 470 01 3 3611 6 . P , f - . .
' . ' 5 “Wronght-iron  work in braces, ties, .
Driving piles. . . . . . . No 3 150 0 0 450 0 0 o o &e . . . o 3,441 013 268 13 3
Carriage of materials . . . . . Tous. 6 '3 00 12 00 Cast-iron work . - . - 2,602 e ’ 16210 0O
Comtivgencies . . . - s - - ‘ Sk b 130012 8 - Teak-timber . . . WO.Ft| 34 380 119 0 0
B . o ‘ V wl_Lag 9.0 Sk Permanent-way for two lines of rails . 7 75 0 0 525 0 0
Feuder on T head for a sunef 70 feet. : ‘ 5 RS N ‘
A & o : w0 sang 1 . Turn-tables . . . . . 6 2364 0 O 14184 0 ©
Teak timber ’ N * T - 0 }h‘ '1’800 I SRR e - i
' ' B FL| 5w | . 0100 903 8 ¢ Foundations and fixing turn-tables . é 2000 0 0| 12,000 0 O : _
Plunkisg o ' X 63,721 3 3
. Ibs. 3,290 013 27 0 ¢ ,
Wronght-iron wotk . . o ’ . N 400,000 O ©
o - No. oy 160 0 O 4050 0 0
Driving pxles : .
: . 13 2490 80 0 .
Carriagn of materials . Tone Abstract Estimate, ) ‘
Contivgenciss - . . . . . soe o :"’__ 76 SRR l,SQ?;GSB'éubic yards of stone quarried at Trittany, couveyed by rail to the end of R
= “ I8 0 0 . . "'a pier, thence by barges to the site of the broak-water and deposited at
‘ n Re96 . . . . . ... L.t sn1r2e
T 07 Special additional rate of R1 por cubic yard for one-tenth of the above .. 189,753
Cost of 90 feet of Permanent- Way. £ B %1]’:35:1 t:?)il;h;z:ul rate of B10 per cubic yard for the sea-wall C. ;,33,333
i e A e il . . Twenty barges at R4,000 . R ol 80900
& o p &£ o p. ‘ ' ‘ g)?“ steam tugs at £50,000 . . . . . . . . 2,00,000
: . 5 o . Shipping pier o . 4,00,000
Rails ) .. : R . No. ] 2213 6 4511 0 ) ‘ : ‘ S“Pﬁl‘:illt}‘ndenoa R3,77,460 + 2,50,560, say . , . 7.00,000
Chairs . - - v 1= A R | T 1,06,20,325
‘ . 12 0 0 0 078 S : ' ,
Wooden keys . - 4 » ' . 3 : ; . . . . .
. Pt 1000 : 3L -Fz{tanqgal aspeet.~Not the least important point in connection with the break-water
o= ‘ ‘ or 1 18 Wheﬂl?l‘; if made,.the work will yield a fair return on the estimated coss,_ahd we have taken
Fishplats © . - . - . . Pais 2 1 3¢ 2 6 4 some pam'sjto obtain reliable data on which to form our opinion on this question ; whether
Do. hols ' ' Sets 2 080 100 rightly or wrongly; there is no deubt that the impression among the mercantile community of
e e e . ‘Madras,wl‘s, thag thg formation of a harbour here will attract trade that now finds other outlets,
Iron chair bolts. . . . - .~ XNo 24 02 6 312 0 “ hnd that fhg yearly incréasing extension of the Railway system in this Presidency will tap new
Carrisge of waterials . . . . ™ ' L440 2 0 0 147 . fields of commerce Jor tﬁd &egqﬁt of the safest and best sea-port on this or the other coast. Y4 ig
v_ i » ! Z .2 4 | .t‘l"xo‘ught, at any rate daring the south-west monsoon, when shipping operations at Bombay are
: Per toa. ‘ - fhﬁicult, and when importers and exporters will have (as-in the course of a few years-they will)
Layiog Bormawent . . . . .. Liul Ft 2 P e in a large and rich trz}ct of country the alternative railway systems of Bombay and Madras to
AP AT S choose from, that with a break-water at Madras no inconsiderable portion of the trad
Contingeneies . . - W . ; . . . ¢ p ¢ trade of
DRGNS - R i - Southern Central Provinces, like Dharwar, will find its way to this port. It is, moreover a
Cy L ) . s ! . : : . . Yy . - 2
et ;‘Mj?.-._‘ B R | o Total fact th'at ‘Madras does not now import direct suﬁicxent_ supplies of Home gocds for its own con.
Lo SR e S SPRR (P 4oy ; Jr‘y _ sumption, aqd j;hat Bombdy and Calentta are largely indented upon to make up the deficiency.
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One of the reasons alleged for this, and it appears plausible enough, is that many ship-owners
ohject to send their vessels to Madras on acecount of the bad reputation its surf and boatmen
have, the delay in*loading and unleading more than compensating, in ship-owners’ eyes, for the
- eomparatively trifling port-dues levied. Aguain, with reference to exporte, there is a large and
regular trade in cotton from Bombay to China, and it is within our knowledge thut Madras
cotton has this year been sent from Beypore to Bombay, and thence to China, the reuson beiny
that no direct opportunity offered. And it is further a fact that some large orders were not
executed, as no ships could be obtained for tbe direct voyage. The inferedee drawn by the
mercantile community is, that if Madras bad a harbour, a greater number of vessels would find -
their way bere, and trade would not be diverted or lost, as has. been hitherto the case. But
while thus incidentally referring to mercantile hopes, we have felt it to be our duty to confine
.6utr attention exclusively to the trade at present exis‘ing, and in considering the financial aspect -
of the break-water; to adept no figures except those supplied by the Custom House records.
In the Appendiz T will be found a memorandum drawn up for the iuforinatiof of the Com- .
wittee, showing the actual taxable trade .of Madrag, and it may l?e here noted that the onlv
complaint against the figures therein is that they err, if at all, ou being too small rather than
too large. Bub this is an error which tells in favour of the finaneial aspeet. of the Lreak-water,
and we prefer that our report, v all its bearings, should not suffer from the test of time. The
memorandum referred to has been cireulated to the various mercantile firms in Madras, with a

“request that they would favour us with their views on the same, and all the replies received are’

to be found in the Appendix K. ‘ . o
32. It will be, observed that one very important element in the subject now under con- -
sideration is the present cost of Janding and shipping goods. The complaints of extortion, on

‘the part of the Madras boatmen, not long ago attracted the attention of Government, m}d P
'Committee was appointed to enquire inta the subject, and their recommendation was briefly

 that the legal rate of hire should, in. future, be #2-5 per trip, instead of, ashitherta, R1-8,
The Breakwater Committes has had the advantage (ride Appendix A) of ex,ami‘mng‘p few of
the lesding merchants of Madras, and their opinion is ungnimous that, even 8t the Wcreas.:,ed |
rate of hire, much inconvenience will at times be experienced, a8 heforefrqmﬂ!'lﬁeﬁ mﬁ:ﬁ‘?‘{mn“ i

" of supply and demand does not seem to apply in its integrity to Mg4lx-z§?, ‘au:' t‘h 3 ‘
to be that the Masoolah boatmen are a limited and peculiar class of A killed I/ »;:m*:, Lo
monapolists, and whose only understanding of free trade is golting us Tuﬁtmz "PW%}“M
their work. When- ?e pier was in working order the moY}OPO‘}' of the boa ‘
interfered with, as tfie large boats plyiug to and from the pie v > 1he & ‘

" of men as the Masdolah boats, and rse{e‘ strength can always be had on eagler’ t:jr.mesos:,h?;;
strength and skill combined. We thercfore, with the knowledg: of the corpl""i ba) oxie
the shipping and landing throngh the surf and at the pier, are able to arrive 8 mn ]L tr‘) (’,‘ig |
mate idea of what importers and exporters will save when the su1-£: no longer exlstsiw al l:
when the break-water is made. lp calenlating this saving, 1t 18 as'sumcd that Masoo :th
boats will ply for the hire tegu\;ztec‘i,.’bx law, although the mereantite w;tnesses . ?mve ‘no sue X
expeétatiqn. On our assumlphion',;' it ‘will be seen, from the Mamorandum referted to, that a :
the very least the savinz on shipping or landing goods will be from R1-4-0 to RL per
ton according to the elass of bout employed. * The saving will of course be #0 much the greater

., by every anna now paid to the boatmen in excess of the legal hire, As 332,500 tons of goods

are at the lesst imported and emnontedto and from Mm‘l'\'us, during the year, ?he mereantile
community can, without adding a gingle pie.to their present expenses on shipping and land-
ing,.contribnte B3,82,500 to the income of the break-water.

38, Tt mnst not be furg‘ottép either
" %6 and from Madras are affected by
_‘insvranee costs & guarter per-cent.

g about 35,00,00;090.‘e‘xcindi}ﬁg‘ :sp(}cie,”‘ the savings to mercbants jn “the item of insurance
~ alone’ would be RB1,26,000. In. this ealeulstion the additional monsoon rate of 'half per
. ent,; cbarged from ' 15th October to 15th: December, is not included, but even without this it

whic “';\sreak-watet‘ww‘!'d‘égwé«,‘ i, o

Qwe

joro of  Yhiert igburance; there is the further grent guin n time in .

r did not 1"?‘.]“;"e the same elasg #:

the abserice of harbour acgommiodation, and that all round
‘eant. more_to Madras than’it dees to Bombay. It isnotan .
- ' unfair inference that with a“bﬁ‘qa’kmat@r‘”Maﬂrgs%_:,.;sksv would be put oni'the eame footing
" ins those toand from Bombay, and aa the annal-value of the Madras import and export trade

ver, ‘Wery obvigus that if the advantages to Ve gatusd by g-oods are great i

erred ou the vesseld sarrying these goods are in gvery sense muoly jarger: (&
aptagh of, baving: o safe anchorage provided for thim, o fact that will

that the rates of insurjuee premium charged on goods

 “ia found that in boat-hire and insurance the trade at present pays R5,07,500 per sunum, ,

s gaiv this valne of which it is impossible to estitante, 28 bosides the
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saving in ship’s actnal expenses, it nob unfrequently happens that the chance of a good freight
is lost, through the ship not being ready for it, on account of her juward cargo being taken
aut 5o slowly.,  Besides, althongh it does not quite come within the scope of £his portion of our
report, 1t must sot Lo forgotten that the Madras suef claims as its victims lives as well as
property, and a duminution of such risk will be the inevitable cffeet of a brenk-wafer. But,
confining attantion to the puarely (inancial view, it will be seen that for absolutely no return

. whatever, excert the permission to let down an anchor in the roadstend, vessels of every class

and size are charged 3 annas per rvegister ton. This charge is considered moderate, aven
althongh nothing {5 given for it, and we are of opinion that greatly eahanced port-dues
would he cheerfully paid if a safe und evmumodious harbour, such as the break-water wouid
give, were provided. * '

36. It is not so much a question of inereasing advantages to shipping as of creating
them, and from all we can learn we infer that ships would gladly pay four or five times the

" - . - - vaw - n
... -present port-dues if a harbour were made. The shipping visiting Madras consists of thyee
. classes : steamers, ships, British and foreign-owned, and native eraft, The aggregate valua

aniually may be taken at about 130,000,000, and the gross tonnage is on an average as
under—— - .

e . Tons.
Steomers . 0 . . e . . . . . . . . 146,000
Rhips . P o . . . . . . . . . 11600
Native Cmfﬁ e . . N . N P . . R . 39,0(}5\‘

These figures represent the shipping of Madras slone, No aceount is taken of the enormnus
trade to and from the subordinate ports of the Presidency——a Presidency swhich along its entire
range of coast, with the exception of Cochin, has no harbour of refuge, . If the sea-borne
tradé of the entire Presidency is taken into accoant, the following significant statistics are
obtained for the ten years 1837 to 1866, both inclusive :—

Vassels, Tornnage.

. ‘ No.
Madrys Presideney, Butrances and Clearances . . . 34,839 9,072,481
Bombay do. do. do. . . . . 12,084 9,213,192
];n-ng:ﬂ dl’). l)l), (1«'1. ,. . . - 23,111 13,72’1’,556
Burmab dg. do. do. . . R . B066 3,682,100

Madras, therefore, in the number of its eraft far surpasses the other Presidencies, and in its
tonuage is only second in importance. But we cannat, of course, in estimating the income of
the gole harbour thal would be in the Presidency, deal with any save the purely local trade

-of Madras, although it is a question warthy of consideration whether a break-water ought not .
in p sl dogree to-be supported by the shipping that wight avail of it, if circumstances com-
.pelled: The Channel Light in England and the Basees Light on our coast are cases in point,
‘whére vessels pay for what they hardly ever make any use of. But we have at preseut to do
‘with the Madras trade only, and we find that ship owners wilksave in insurance and tire,
‘when tl;'e bresk-water is made, a sum that will justifv a very large increase to the present
‘P"‘,‘F}?aﬁéﬁ-‘ In the memorandum in the Appendix will be foand an estimate of the various
o indomies, at’ differing rates, that the shipping will contribute.  We are of opinion that, consi-

* defing the short tima steamers are likely to avail themselves of the harbour, their port-dues

shbi;;ﬂ be less onerous. than. those charged for native craft and ships. Again, as native craft
ar‘c‘."lgss Y“‘uéblpyg and #isit: Maglras mote frequently than loug-voyaging ships, it seems reason-
able to tax the_ former loss than the latter. On the whole, we are of opinion that the highest

‘rates shown in the' Memorandum might equitably be charged, and the income from shipping

L]

would then stand g8 under s~

RS Chon bt . ‘ R

" Bteamers ; at Sanmasperton . . . . . . . .. . 18000

"4 Nativecraftat1s ., . ., L ; . . LY. 20850

Ships at 16 -, RIS . . L, . . . . 1,109,000

R L ‘ L, 221,250

- .:36. The result, then, of our investigation into the financial aspect of the break-water is that

ap-ificome, 'W‘F'h, no hardship to the trade, can be obtained of— -

O o Lol R 5,‘07,500’ from goodé-

" 2,21,250 from port-dues.

ToTsL

i

R 7,28,750-

- 37, The ’hext point to be eohsEd‘ered is h@év‘,'the ineome f,(gm goods vélm best be collected, - -
Ip,the Memorandum in the Appendix it will be se¢u that a rate per ton or per package‘ ouljf i
L S ‘ ‘ S o : ' , 4
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contemplated, but we are disposed rather to adopt the suggestion in some of the letters from the
merchants of Madras, and to recommend that an ad-valorem duty should be levied. The
present machinery of the Custom House would be available for this purpose, and cne per cent.
on the value of imports and exports woald give £5,00,000 per anuvm, or rather under what
ihe trade now gives away to nuderwriters aud boatmen. It cannet be too strongly insisted
upon that the proposed tax of ome per cent. is no additional burden to trade: it iz simply a
transfer, for the benefit of trade, from oue class of charges to another, and for all the collatersl
advantages expected to flow from the construction of a break-water, trade will be called ou.to
pay nothing whatever. ,

38. Before leaving this portion of our report, we think it desirable to meet one or two
points laid stress on by the mercantile firms in the letters which will he found in the Ap.
pendix. o

I.—The first is the frequency with which the break-water dues on shipping should be
levied, that is, how often the same vessel should pay in one year. In our opinion this is a
smatter of detail, which will be more properly settled when a bill for regularing the dues is
under the consideration of Goevernment.

1L.—The next is with reference to the grouping of the ports of the Presidency, sunetioned
by an Act of last year, and the consolidation of all the port funds into one general fund. 1t 38
obvious that the construction of a break-water at Madras would destroy the conditions exist~

ing when that Act was passed, and would nccessitate a new grouping, from which Madras

must be excluded, «
111.—The third and last point is the purely local view taken in the Memorandum in the
Appendix of the sources from which the ineome of the break-water is expected to come. It
does not seem to us to be within our province to adopt any other save the purely loeal view
complained of, and as that view shows a fair reburn on the estimated cost of the bLreak-water,
the broader and more Tmperial view, if adopted, will only add strength to our conclusion that
in a financial aspect the break-water must be an assured suecess. ‘ 1 _ ;
$9.— Agency for the construction of the breaf-waler.—1t now only. rcmaih;a to cosider the
question of the agency whereby the construction of the break-water. should: b ‘qamgd out, We
are unanimously of opinion that a work of such lmperia) importance ﬂh‘?“‘l@l’?f’t Pase but of the
bands of Government, There is no donht a Company cogtldtbe formed to earry out thy
it is further certain that Government would, in the {irst instanoe, nior
Ltf xgvfe ;;)r cent.  Government itself can easily borrow on these terms, and as the Lorrowing

might be extended over the eight or ten years reguire

ou the Imperial funds would be very trilling, k Y P
progress, sume incrcase of port-dues and charges on goods might very fairly-be made, ahd these
e

would pay the interest on the borrowed monies. Public Works ])cbcrftur.es bcjzu-ing interest at
five per cent,, and redecmable at the pleasure of Gevernment out of a sinking fund formed from
the profits of the break-water, appeard to us the Lest and the least expensive mede of raising
the funds for this great and importunt werk. . . .

40. Before closing out yeport we beg 193_"‘-‘ to subml_'t, a few general romarks in rupport of
the conclusion at which we have arpived. 1f it were possible to construct an enclosed harbour,
which should be secure from the davger of shoaling up, we should not hesitate to recommend

it in preference to a preak-water. It would be greatly superior to the latter in every respect.

The piers would be co : . L -
material used, than the break-water ; the accommodation for shipping and the facilities for

Janding and shipping eargo, would be greatly superior to those afforded in an open harbour.
' o .

have to guarantee #n:intoresy

But we consider that all these advantages would be rendered nugatory by the shoaling of the -

harbour, which would certainly resuls from the construction u.f any solid piers or groynes from
the shore, and Weyaﬂ; strongly of opinicen that a_break-wm’:er is the une work from which any
rea} improvement is to be hoped. 1t will not afford a perfect harbour—no breuk-water does—
but it will effect an immense improvement on the prescnt exposed state of the roads. The cost
of the work mnst weeessarily be very great, and although we have endeavoured to arrive at ap
noeurate knowledge of the rates at which the mass of material can be deposited at the required
‘site, we arc fully alive to the imperfection of any duta which are not derived from actaal experi-
ament,  In this ¢use axtensive operations would be necessary before the actual working rates
‘could be establishiod, for thereis.noexample of quarrying, on the scale which would be necessary

“Fat;the oreak-water, in any part of the Presidency. Kven at the Jarge anicuts in thé Godavery

“and K:stnanel s, Btones of five toue weiglit have been nsed only exceptionally, while a large

P"tt’m&”ﬁ M‘“ A i,’he; bm?ﬂf“ﬂﬁtﬁl’ would have to be in excess'of this weight. More- |
over; the latger stonies used on the Kistus works were mainly rolled down from the quarries to

Sheriy Wh’&nsfmtml t" L"‘“S without: the id of cranes. Ou the other Land, at

d to complete the break-water, the ’draih}“[i
o, if any at all, for,ku soon as the work had made any

nstructed from the shore, and at far less expense, in proportion to the
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the ‘Pritteny nguarvies, which we have seleeted as our source of supply
i«

e slone would have Lo be lifted by a crane on o

are
situte the Jaying of rails close up to the stones, and hewring in vriwd of plans
which would ba lable to be produced by the Llasling operations, and
alearing of vails, &c, we think it not improbuble that the rale allowe
work will be fourd insufficient, and that in prachive I8 por eubic

hiftlng and

13 stoneay
aceurately
soter of the
, wilth which

represent the cost than B, and this, notwithstunding the

;

trap {or whingt

quarrics, and the extensive sapply of rough stene biocks, chicfly
the crest of the hills Is vrowsed,

al. Tt is also very doubtful if our Committee have correctly estimated the time to which
the operations wonld extend.  The railway suthorities ean indeed give us an_ assarance, which
we feel can be fally relied on, of their ability to convey from the quarries at Trittany fo the
boach at Madiug 2,000 tons per diem. But this incelves the ability on the part of the quarry
‘establishment to loatl that quautity daily, and of the hoat establisument o unload, and convey
it to the site of the break-water. Lwooking to the long yeriod for which the Plymauth Break-
water was! in operation, and the slowness of the provess of advaneing the works at Toriland,
notwithstapding the great facilities that exist for conducting material rapidly to the sits, we
are constraived. to doubt the possibility of completing the works at Madias in a period of
eight years, though not baving data to guide us in arriving ab a mors accurate calealation, we
have thought it not unreasomable to assume that what the vailway c2n do o addition 1o its
ordivary traffic may also be done at the quarries, and by the boat cstublishment at Madras
eousidering that the actual distance to which the material would Lave to be moved at ihe two

~ places is very insignificant. As we have alveady remarked, it is the certainty of the convaoy-

ance of the material by the railway at E“}‘)cg:iﬁc rates, both as regards the cost of transit and
the quantity to he conveyed in u given time, that has in"a great measure indaced us to mive
the prefercuce to this source of supply over the other two—at Seetanagram and Palaveram,
—for, in regard to both of these, thc caleulation of the cost of conveyance of the material
must be hypothetical throughout, while the risk of delay, wrising from the greater distance to
which the transport by sea wonld extend over and sbove dany period that wmight goverally be
“allowed to be reassuable, must evidently be much greater than in the case of the mere transfer
of the stone from the end of a pier connceted with the vailway to theline of break-water a
few hundred yards in advance, .

42, Our estimate ameunts to R1,06,20,225. Ia it we have made no deduction for the
iuterstices between the stones, Lor although the space lefs unfilled will form a very constderable
fraction of the whole volume of the work, we recognise the neces-ity of providing o large
surplus t6 make good wastage, by the dispersion of some of the smaller material dwring the

' progress of the work, or before it should have hecorao fully consolidated, as well ae by the
- gqubsidende of the stone in the bed of the sea, whick, though uvot, likely to be eousiderable as

regards depth, will still take place to a certain exfient along the whols width of the base or the
broadest part of the work, We consider, however, that in caleulating the contents of the
bregkew#er as solid throughout, we make a very ample provision for contingencies of this
‘nature:y : But as regards the additional cost which would be entailed by u higher rate for
:q““‘Tymg_ than we have allowed, and by an extension of the period during which the works
,“,'ofﬂ_d btim operufion, we can ouly recommmend the Government to be prepared for the pos-
‘sibility, if not probability, of our estimate being exceeded by nearly as much as 25 per ceut.,

' that is, of the total cost rising to 1} millions sterling. ° :

: 4.3. QIf the worksqsncc‘eed‘ in answering the expectations we have formed of them, we do
not: thmk the amount we have mentioned need be considered exorbitant. ‘Lhe great advantages
wh%ch would be secured to all interests connected with the port have already been fully ex-
Pl“f“‘*d’ but we .h“""’ ‘perhaps, hardly Jaid sufficient stress on the very §mportant bearing
whicha che_apemng of the charges for boat-hire at Madras wonld have on the agricultural revenne
of the PTPSIdcpcy: - The Government are aware that a number of districts around Madras, viz,
the Madras District itself, Notth Arcot, Salem, Bellary, Cuddapah, Kurnool, and Mysore, and

"; "‘all connected with ;M_adms by the south-west and north-west lines of railway, are subjected to
" a frequent recurrence of drought, with, its consequent dearness and scarcity of food, and distress

3"“,‘_’ﬁg the population. A great part of ull the distriets we have specified are dependent on
their supply of water on the north-cast monsoon, whielv is of short duration, and of a very
uncertain cluracter. The great importance of the line of railway in conveying food to
the inland districts was exhibited during the year bafore last. (lSﬁG), and n{usf be tull

appreciated by the Uovernment, but as Madras itself is hable to stffer from scarcity of l'uutiy‘
the regui@ita supplies must be drawn to it mainly by sea from the other distvicts along the Cms'tlj
where the cultivati:)n is of u more certain and abundant character. The G*:we‘rnmcnt‘a r:e

) o]
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deeply interested in the extension of irrigation throughout the Presidency, and especially in
the Northern Deltas, where a.vast extent of land and unfailing supply of water are available,
but the price of grain imported to Madras from Cocanada andMasulipatam is swelled to such
a high figure by the heavy transport and boat charges, that this traffic, which deserves ens
couragement in cvery possible way, is very seriously impeded. As the Masoolah boats at
Madras carry ouly 14 tons, a charge for conveying this quantity of grain across the surf, of
Bs 8 or 4, a sum very commonly paid, is a scrious addition to the price, If the charge were
reduced, the imports of rice and other grain would certainly be increased, and by thereby
gradually creating a certain market, instead of an uncertain one, the improvements of the
Madras harbour would have a very beneficial effect on the land-revenue of distant districts,
would allow of a higher rate being paid by the people than they could otherwise afford to
give, and would also lead to an extension of the cultivation. Itis on thie ground thut. while
fully acknowledging the petfect right of Government to impose. additional post-dues to com-
, pensate tbemselvog for thg large outlay required fur the construction of a break.water, we
congider that it would be sounder poliey {or them to look to an imcrease of the land-\::swenue,
and to the general improvement of the country whigh would accompany it, as the principal -
gouree from which a remuuerative return from the work should be derived.
44. As we have entered at some length into a consideration of the probable result of anmy
* Mr. Doyles attempt to construct a closed harbour at Madras, it may bﬂ
advantageots to give an opinion more fully than we have *
yet given it, on the extent to which silting would be induced by a break-water; the more ‘so
as in one of the projects* for a work of that natare which have been placed before us, special
provision has been made for preventing the shoaling of the anchorage. ‘
45. The following remarks, descriptive of the process of silting, assuming the worst
cage possible, have been offered for our cousideration :~—

* Suppose that the littoral current, say from the south, carries matter in suspension, and that it deposits it -
in the comparntively still water at the north extremity of the work, and it may be to' s cortain extent at the’
south end aleo. 8o long as the current should preserve the same direction, there would be no tendehay im thi
deposits to diminish, but, on the contrary, secing that they would merely serve to add to the bulk of the break-
water, there would scem reason to apprehend n gradual extonsion of the spif T, iy e motion; kowme
the shore produced by the swell should have the effect of removivg ﬁhaJ'WhQI.b lor .any - POTG ;
nearly as fast as they forned, it would depend on the extent to which  the .httoral ‘c; edt sl
charged or loaded with silt, whether it would or wonld not have the powor of taking up av conveying:
from the vicinity of the work the additional qnantity of matter thus ;‘)lacad in oontac'g wgth it. .

“ On the other hand, if the sand or silt which has been supposed to aconmulate in prolongm,mn of
break-water weie to remain undisturbed till the setting-in of thie oppasite or uorth-east monsoon, it may be pre-
gumed from the direstion of the wind and curvents, and from the violent astion fyf tbe‘sea during that Aeason,
that the sand would be removed from its place, und bo carried juto the cousparatively still water .betweeu th‘e line
of break-water and the shors ; S0 thyt the possibility bas bo be eontemplatod of :‘zll the sand or silt which is de-
posif.ed during the south-wesé 1onsoon in wintinuation of tho break-water, being bodily transferred to the rear
af it. The question then atises as to whether the succoeding south-wosp monsoon wm.x]d have the power of re.
moving that aceumulation, and of carrying i"c., in the main, away to a dlstanc-e, in addition as it were to its ordi-:‘ :
pary duty. It seems yeasonable to entertdin doubt of such a result‘ occurring. The current comes to the' wpot
with a certain quantity of silt in suspension,—can it take np tfresh ma‘tter_wu,hout depositing what it had carried

before? The natural actiom would be to fn'rm & new spit in prolougatl?ll of the bx:euk-water, similar to that
supposed to have been formed during the previcus season. What ground is there to infer tl:}nt tho oxtent of the: -
spit, during the second season, will be limited to the same amount P It may be argued that' the contraction of
the passage (by the shoaly supposed to have been formed in rear of the break-v';vater) between the broak-water
and the shove, would cause an accession to the velocity of the littoral carrent, but it has to be remembored that :
the cate is entirely ditferent from that of the water-way of a channel which may be sontracted by u bridge ox
other obstruction. In the latter a certain quautity of water must pass down the channel, and if '‘the wateroway
is contracted one-half the velocity will be doublad.  Bat in the case of break-water it is not mecessary that the .
“same ‘quantity of water should. always pass between the break-water and the shore, and if the obstruction (by %
-shoals) is 80 grest as to render it easier for the enrrent to pass ronnd the end of the break-water and along the .-
.guter. face, in prefevence to the inside of the breuk.water, there would be nothing to prevent its taking thad:
“course, Aty obstructionin the bed of the ses betwean the break-water and the shore would have s tendenoy 8
deflest the current in the manuer deseribed; and of course, if such deflection omige into vperation, the formation

of frieh déposits would be pronjoted.”

v 48, Tu repl';yi to ':@)gx@?;,a?bve‘ observations we would remark, after attentively comsidering the
* ‘whole subject, that the asaumption that the littoral currents everywhere do carry sedimentary
;. oatter in '?“SP‘"L'B‘O‘“}W@ them, a8"they sweep along the coast, is mot borne cut by facts.
re-is; lon the contrary, strong ground for presuming that the movement of solid mattes
; the coast in ‘the vicinity ofMadras ig confined almost entirely to the satd which lites -
whichy as we have explaitied in a former page, extends in the form of a Toode:
to the distance of 700. or 800 yaids from the shore, orto where the depthiis
ws,  Beyoud 'this limit the bed of the sea is firm, and exhibits Ho

i
4

channpel.
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signs of baving been subjected to uny change since the dute at which 4 chart of the roads was

ax

fiest drawn ap. To what extent the current along shore, whick, secording to the obsercations

ain the maximum

Mr, Tryloz. . q’,""‘"’ or Lm”'ﬁﬁ

N bncis an hour, ave ea; g thout {he axd
of the disturbing eflect of the surf and waves, we have uo means of ascertaining ; but we kuow
that the sand is moved backwards and forwards along the coast, that the beach at certain
points is worn away, and that the process may be arrested, and vhe beach exteuded at will, by
the construction of graynes. That the proposed break-water would have the effect of check-
ing whatever lifting of the sand is due to the action of the surf opposite the work, cannet be
disputed, if, as we anticipate will be the case, the swil itself will bealinost entirely aunihilated ;
and we also admit, as we have before stated in paragraph 27—11, that a certain accumulation
of sand would be formed in advance of the present beach, but we consider thut the neutraliza~
‘tion of the liftifig action of the surf, aud of the aid it now affords to the removal of the sand,

Y IR 2 K £
& O fpluiiidr IR

“would be compeusated by the additional power: gained by the current, eonsequent on the

removal of the deflective action of. wives and surf npoa it. On this point we can afford no
absolute proof, hut we can poiut to the Armogum Shoal for a confirmation to a great extent of
what we have advanced ; for we bave there & loug spit, which at the sume time protects the
shore oppdsite to it, aud prevents the formation of a viclent surf, like that which provails in
the Madras roads, while it has not served to shoul up the channel between it and the shorve,
fact snfficient in itself to show that the listoral eurrents carry the sand onwards through that

As ragards the possibility contemplated of the formation of spils in prolongation of the
break-water during the south-west monsoon, and of their removal during the suceeeding north-
east monsoon to the landward side of the work, we wounll explain that the sea is llfillitxlully
clear in the unchorage, as cvery one who has frequented the place must have observed, and that,
even slong the pier side, where thers is always a considerable agitatiou of the sea, ohjects can be

- distinguished at a depth of some feet below the surface. This is se totally different frem the

copdition of any river which traverses an alluvial tract of country, that we cannot but think thay
any parallel drawn between the action of a break-water and that of an obstruction of siwilar -
form in a it bearing river, is altogether out of place. It may be eouveniont to show what,
would be the prohable results if the marine currents were everywhere loaded with silt or mud—
but as we know that the bed of the sea beyond five or six fathoms depth s not liable to be dis-
turbed by the action of either the waves or currents, and as, moreover, there are no large rivers
within a distance of many miles from Madras, we do not admit the possibility of there being
alluvial deposits to any appreciable extent, cither in continuation ot the hreak-water or between -

.1t and the shore, Such rivers, moreover, as fall into the gea along the cast coast, ure made use

of to so large an cxtent for the irrigation of the country, that, with the exception of the Goda-~
very and Kistna, which are too remote to atlect any work at Madras, the volume of water they
discharge inlo the sea is quite insignificant. The break-water would ocenpy 2 position not dis.

~similar to that of rocks, which are to be scen detached from the shore at various points along both

the eastern and western coasts; and on reference to the eharts, it will be found that they
‘have not waterially affected the depth of water between them and the shore.

FM' the above reasons we consider here is no ground for apprehending any injurious
shoaling of the propused harbour, either from sand or silt. ‘

47. We have now ouly to furnish Government with some particulars of the damage and

. Toss of Life which have resuited from storms in or near the Madras roads. The Superintendent

of Marine has prepared a statement of the total or partial wrecks which have occurred from the

‘year 1842 to the year 1865, and for information regarding the hurricanes of the ecentury pre.

cedi_ng the former year, we have reforred te Pharoah’s Gazetieer of Southern India, in which
there is a very fomplete and interesting account of all the great storms to “which Madras has
been subjected. The first on record ovcurred on the 3rd October 1746, Of the six large
French ships in the roads, three put to sea and foundered twith the loss of 1,200 men, and the
other three were dismasted. Two other ships, prizes, were wreckad, aud of twenty other vessels

i t%‘e roads, ndt one escaped, all being either wrocked on the spot or lost at sea. Ancther
‘harricane oceurred off” Cuddalore, on the 13th April 1749, Two mensof-war, one a T4-gun

ship, were wrecked fvith the_ loss of 850 men, Two other ships, and all the small vessels that
were near Fort Saint David, were likewise wreeked, Two other great hardeancs oceurred in

- 1762 and 1761. 1In the last the British squadron, consisting of eight sail of the line, two

frigates, and two other.' ships, suffered severely. Three of the ships came ashore, and three
others were lost with their erews, numbering about 1,100 men. 'u '

48. In the hurricane of 21st October 1773 all the vessels that remained at anchior ‘were

- lost with thei; crews : upwards of 100 country vessels were stranded on the beach,

| . ol
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49, There was a heavy gale on the 27th Octoler 1797, others on 4th December 1803, and
10th December 1807, and on the 2nd May 1611, In the last the * Dover” frigate and a
- store ship were lost in the roads, and ninety country vessels weut down at their anchors.

Hurricanes occurred again on the 24th October 1818, 9th October 1820, and 80tk October.

1836. :

50. In 1842 there was a heavy gale, bul hardly what would Le considered a anrricane.
Init seven vessels, of an average tonnage of 26U tons, were wrecked, with the ioss of seven-
teen lives, and with a loss of cargo estimated a! nearly three lacs of rupees. Hurricanes
again occurred in May 1843, on 25th November 1844, in March 1853, May 1838, and on the

25th November 1865, The number of vessels wrecked since 1842 amounts to forty-two, their:

average tounage to 480, and the loss of life and property to 196, and thirty-eight lakhs of
rapees nearly, bat this Joos not include the loss to the country eraft, which is likely to have
been fully as great, nor that of vessels wrecked off Pondicherry and other portstlong the coast.
o - Bbl, It would thus appear that Madras ts subjected to severe hurricanes abiout fificen times
in a century, or once every six. or seven years, snd that the average annnal loss sustained by
the owtners of large vessels alone, exclusive of their valuable cargoes, amourits to about 1§ lakhs
of rupees. But the dispersion of such vessels as are not wrecked during the gale, the sevious
 damsge they are liable to sustain, and the derangement of trade which must be the result of
~ the present system of warning vessels to put out to sea when the weather assumes a threaten-
. ing appearance, are aloue sufficient to show the great necessity that exists for trying to intros
~duce some imiprovement in the present exposed condition of the roadstead. The improvement
or formation of harbours has heen found uecessary by every civilized country that has a trade
to support.  While 80 much has been doue, or is in progress, for the development of the re-
sources of this Presidency, we feel satisficd that Government do not nced arguments from us
to convidce them that the large sums which are being expeuded anuually on railways, csnals,
and other imiportant works, eannot be productive of yeally satisfactory resulis unless active

measures are also taken for the removal of the difficulties which beset trading nperations along -

the coast. ' It is impossible for us to judge of the extent to which the trade of Madras is capa-
" ble of being increased if it possessed a safe aud convenient harbour; but we know that it is
now terribly impeded by the total absence of any shelter for shipping, and. of any facilities for
the landing aund shipping of goods, We feel satisfied that something will have to be done

~ sooner or lzter to supply these wants, and past expérience of harbour improx'emeutéf shotvs that

nothing short "f‘tlf%%‘lq?yy outlay ‘we goutemplate is likely to be successtuls

' (Signed) J.'C. ANDERSON.
- Cened "H. D. E. DALRYMPLE,

\v : I
: : ( » )
o r (>} R B. ELWIN.
( , ) J. H. M SHAW STEWART.
Co ("> ) P. MACFADYEN.
j | ( , ) B. ANDERSON.

'

L Minute by CoLONEL J . GARPENi)AL!,‘fR-E-,.';Président'éf the Committeo,~dated 16th Janunry 1867.

I should record my own opinion on some points separately,
2. Taking the word “silt’” as used in the report to mean something distinct from the

As T do 'not concirr with my colleagues in much of the above report, it is necessary that

shifting bed of loose sand along the.shore, I am not aware of any reason for the opinion that -

any “ ailt ” is hield 'in suspension, and is carried north and south by the littoral ‘currents, and

T world have no féar whatever of ‘any shoaling of the harbonr from such  silt”* in the event
- of the break-water being constructed, o ‘ X

Y8, ‘In regard to the loosd bed of sand, we have it-in evidence of the European diver that
it does not extond beyoud a depth of six fathoms, which depth is at a distance’ of about 800
: ymdaif;‘fgxm,_thggshore.? - By woundihgs faken -slong -the pier for a series of years, it is known
 thit the depth of savd at the pier head varies ss much ss eight. feet at differcnt seasons, and
_*that when there is an increase of saud there, the quantity at the shore-end of the picr is-much
. ‘rednced ‘and the water eonsidersbly deeper; also; that as sand accumulates at the shore, it is
hed wway.at the pier bead, from which I infer that the mavement of the body. of ldose,sand
iisfly. ot to sea and in again to the shore, aud £ am not aware of any grounds for the belief

. ¥ 1 ‘aarried to any considerable distance by, the littoral currents; thoue! !
. Y theceltes | | » though we know

e

)

&
S R

produced by the groynes on. the: beacls' that. the saud iganoved to & short distance
ot prepaved to assert that, this being the. vase, the congtruction o
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s b

- a;break-wa’c‘er' would not lead o a considerable shéalin‘g up of the Larbour inside, ‘perhnps as

ph

far as the present six-fathom line. I do not go so far as to say that I expedt such would be
the result, but I feel great d?ubt in the matter, and I do not consider the circumstances of the
Armogam Shoal cufficiently analogous tp warraunt s confident expressiva of opinten that no
injurious cousequéences need be apprehended from the construction of & break-water parallel to
the ghore. _ ‘
" 4, Asvegards the length of 2,000 yards for a break-water, I consider that for so great
a distance as 1,200 yards from the shove the length is insufficient, and that, to afford sufficicnt
shelter to the shipping at the narth of the pier, it should extend fully three hundred yards
north of the railway terminus: also that, if the protection of Black Town and the defence of
Fort St. George is taken inta account in weighing the advantages of the projeet, that defence
shouid he complete, whieh it certainly would not be with one battery only to the souih at a
., poiut opposite the Light-House or the affice of J'Sﬂessr‘& Parry and Co. In the event, then, of
such a work being sanctioned, I would consider it necessary that at the same time another

* Dbattery shonld be erected 1,200 yards in advanee of a point midway batween the Fort and

the Marine Villa, by means of which, in conjunction with the Latteries at either cud of the
break-water, Black Town would be-‘ndmimbly‘prqtected, and Fort St. George, whose Arsenal
harracks, gnd othet publ'ic buildings are not now in the smallest degree protected from the
fire of an enemy’s vessels, would be secure fram any attack from sea except in the extreme case
of au enemy ruonping in at night bstween the batteries, .
5. I am, however, after long eonsideration, more in favour of a close harbour as proposed
by Mr. W. Fraser and Mr. Samue! Perkes; as before stated, I do not believe that the loose
sand in the beackr is conveyed to any capsiderable distance by the littoral currents. It is re-
markable to what a limited extent the groynes on the beach, although constructed within the
limits of the shifting bed of sand, effect the object for which they were built, and that their
ends always remain uncovered, the very fact of the necessity for their construction ‘is strong
evidence that the natural operation of the sea hereis to erode the coast, not-to extend the beach.
I believe, if a close harbour was formed, the mouth of which would be in seven fathoms water,
‘that no silt or sand whatever would pass ghe mouth or enter it, and that there would be no
.necessity for dredging ; sand, no doubt, would in one monsoon accumulate to what may be
called a large extent outside the harbour and against the dyke ‘forming it, but with the change
of curreut inthe alternate monsoon it would be washed away again. A close harbour should
embrace the Railway station aud the Fort, and would probably not cost more than half a
million ¢ all the interior accommodgtion of piers, wharf, &ec., which are propused in some of
the projects, I would consider vecdless, but a break-water inside the harbour, and 150 yards
‘from’ the mouth, might prove to he necessary, to keep out the swell of the sea for a few days
intheyesr. - o o
© i '8, I would, thercfore, advocate a picr of rough stone of large dimensions Leing thrown

ot for a distance of 300 or 600 yands, starting from a point 800 yards north of the railway

a

. terminus, and running in a direclion south-east by south. - It can do no harm, and it will very

“ goon be q;ipal'enb whether or not it srrests sand in such large qnantity as to eonfiram the opivion
" that if a cloge harbour was furmed it would, in course of time, silt up.

(Sigued) J. CARPENDALE, Coloacl, R.E.,
President of Cominilize,

* Ovder of the Madras Government on ths ahove reports, &v., admitting the ecessity of providing Harbour actom-
modation, and submitting the whole prvject for the favourable condidovation of the Goverument of india,-—
dated 17th March 1889, . i

. The Government have perused this report with the greatest intercst,and beiug satisfied of the
impracticability of any scheme being devised for the formation of an enclosed barbour at Madras
~that shall be freo from  the objections which appear with good reason to be wrged agatnst ilie-
; ponstruction of jetties or truining walls projected seaward from the beach, they aceept the concly.
- aich ab which the Commitiee have arrived that tha only feasible mavner in whicix improved har.

>

- honr accommoda_ion for shipping can be provided, and the difficultics to the landing and ship.
~ ping of cargo which is offered by the surf can be overcoms, is by the construction of a hreal.

water, A work of that deseription pluced at ubout 1,200 yaxds from the shore in seven Fathomy,
of waier at low tide and parallel to the line of the coast will, it I believed, crewte a sufii.
ciontly secure and sheltered anchorage with comparatively smooth water and no susf between -
it axid the beach, This, the Committes think, is all the improved harbour aceommotation which
the cireumstances of this coast are ealeulated to permit of being prowided, s s
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p v - . » ~ . . - . . ’
2. The Committee are of opinion that the forraatiod of a break-water in the pesition indi-

cabed is perfectly*practicable, and, for veasons which the Goverwnent consider well i’ounde('i,
they recoramend thas ¢!
whicl:, requiring little more than the deposition of large masses of rough stome, las been
found a suceessful mode of construciing sucl works; and they suggest that. the railway be
employed n.transporting the stone from Trituny (fffy and » balf wiles from Madeas), fron
whenoe it might be readily obtained. Dasing their estimate on the projosal to procure the
stope from this souvce of supply, asd caleulating that for every yarl in lengih 9122 cubic
yards of stone will be required, the Committee estimate g total cost of The work at
B 1,06,20,825, allowing amply for superintendence, plant, and other charevs, '

“%. The Goverument are Lally alive to the great disadvantages under which this Presidency

1 L. st wi 4 R I . . ¥
labours in baving b ite chief vity and principal centre of trade no harbour accommodation of -

any deseription, and conewrring venwsally in the views of the Cowmittee, Hit Excellency in
LCouncil believes that no time shouid L Lot b setting on foot such measuves of nuprovement
as may be found practicable and are cseeutivlly necessary to prevent the possible diversion
which is threatened of trade from this coust to o western outlet,  1lis Excelloney the (Fovernor
in Council accordingly resolves to subit the whole subjeet, as presented 1o this Government
for the favourable consideration of the Government of India, in the hope that it will meet’
with the support of the Right Honourable the Governor General in Couneil, and that the Secre-
tary of State may be moved to send oat a thoroughly qualifie]l marine and barbonr engineer
to examine and report on the feasibility of carrying out such measures as may be uecessary
for the improvement of the port by the coustruction of a break-water, or in sach other way as
may appear to he most practicable. )

. Appendix B.

Memorandum by CoLon®r A. Orr, R.E., on ile pruﬁosed break-water,~dated 4th Septembor ‘1.889'

The disadvantages under which Madrus labours in possessing no natural l\?rb‘?\ll‘\ in which .
ressels may anchor in safety, avd load or unload their curgoes in mooth water, being more

ind more felt as the trading interests of the port, have 'g,-own into i1apertance, several SCllerx}és:
1ave at one fime or another been sugested for the formatiin of at artilicial luu'bm.n-' on or
vithin the foreshore, but having all been designed on a principle of construction requiring the
irojection from the beach of long training walls or jettics into the sea, none of them have Leen
vee from the seriows and scemingly fatal objection which attaches to any deseription of work
vhich should interfcre witle the littoval currents that prevail om this coast.  Li is evident to all
vho have hal opportunitics of study ing the circumstances of the Madras beach, thut any ob-
truction opposcd to the currents must necessarily have the effect of arresting the passage of
he sand, which is in constant movement by the combined action of the surf and those currents,
nd of causing it to accumulateto windward of the obstacle. This acenmalation would, at
vst, form merely an extension of the beach scaward in the angles between the training walls
nd the shore ; but it would ultimately, I huve no doubt, cm-yy the line of the coast {o the outer
nd of those walle and elose the catrence between them. This view of the action of train-
1g walls, or of a jetty projected into the sea, ic vractically eonfirmed by the marmer in which
Jgroyne on - the foreshore, by being lengihened or shortenod, can be mude to extend or dimi-
ish the beach in its neighbourhood, and even the. open Mruetura of the pier is bolieved to have
he same tendency. o Co - : v |
) 2. This greafwliubi'lity to silt, and the wan.t of a rise :aAnd fall of tide of sufficient height to
ave the means of ereatmg};:;. natural scour for its prevenlqon or vemoval, are diffcalline rhich
sema not -likely to be easily overcowe in forming an enclosed harbour anywhers
wut they offer no difficultics {o anothor piode in which, although s comple
heltered harbour, absolutely safe at all tivwes and capable of affording wh
o..shipping, caunot be formed, there may be obtained the next best
nd ‘comparativtly safe, though open, anchomge, with smooth water b
Such an anchorage cag, L have o doab, hegmods by the constrae
abor of a form o eficetually intercept:the highest waves, and of
, ﬁwhomg-esp ave, a8 woll ax to wake smooth water on sd&iéienitly

tely enclosed and
arf accommodation

otween it ‘and the

tion of a detached

"o mueborage spade, Woil ak 10 IoAK , large :
ek A:";sehgme qu’ this nature baﬁlzmtdy been brovght forward. by 59 Poviaon of

12 work should be made on the roagh stone, or  pierre perdue system,

on this ecast,

thing—~a gheltered

a Jépgth 6 give the

Mr. d¢Closots, o
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French engineer, and I believe it is both feasible and practically likely to afford Madras all
the advaniages of the best harbour which, in a physical point of view, it is possible to make
on this open eoast. - '

4. Mr. deCloset's planis to construet a break-water parallel to the beach in seven fathomg
at high water, and about 2,000 yards in length. A break-water thus placed will be ‘so exact-
Iy in the direction of the earrent as to offer no obstruction to it, and, thercfore, arresting no
®und, would have no tendency to cause silting to take place in any direetion, while at the same
time, being at vight angles, or very nearly so, to the direction in which the swell travels, it
wonld effectually break the foree of the sea, which, as any one may huve observed who has ever
watched it from the head of the pier, volls in towards the land at an angle very little inclined
t.0 the line of the eoast, from whatever divection the wind may be blowing. 'Thus, a break-
waler pamllel to the eoast will be placed in the best position to afford the necessary shelter,
and to produce,smooth water alopg its whole langth and rxtending to the beach. Ancther
favourable circumstance is the remarkably regular manner in which the bed of the sea shelves,
as ‘on that aceount, and because the wind, during the'storms that eccasionaliy visth the coast,‘
never blows for any length of time in onec direction, thore is not sufficient depth of water nov
time for the seas to be raised to any great height, and the waver cannot acqaire anything bike
the foree of those whieh have to be withstood by ses defences constructed on the abrupt and
axposed coasts of England. This, as well as at the other clireumstances of this coast, appear in
fact to be pecaliarly favourable to the formation of & brenk-water, and though the construction
of such a ‘work, in. 42 feet of water in the open sea, must vecessarily be a costly under- .
taking, it 3 surely not heyoud the resonrees of a Goverament which.

epending vast sums an-
wually on woads, milways, and other works divectly tonding to &
nuadty » ks ¥ £

+

1 . - .
L0 commeree und ige

& e

&

purtance of the port, is f.arﬂ_u_\r bouwd, by every humans as well as pelitical consideration, to
provide a }.\mbour of ‘ refuge for slupping on this dangerons const, where it miay be casily shown
that, daving the last half contiey, the loss of property i wrecks, o suy notli ng of life, has
Leen far in excess of any amount of money that may be required toform a sate and aceessiile
anchovage i tha manner now snggested.

3 A bresk-water way be fopmed inoseveral ways, I8 may be made of stone or Bl
beton either Grown in rougheoor bt up regaluely from the

e of the sea by n

diving appaatus ; or i may be formed Ly sinking eatssons -filled with conerote or tle
musonry ; or may be constructed on the systenz of serew piles supp@l&ting WavE sereens made in

the manner of louvre hoards. /

6, The employment of screw piles for the purpose has heen successfully adopted at the
Port of Bl yih in Englind, and thoy may be siitable i some loealitios, or where the work is to
combine the character of a breakowater and & jetty, but they are not, in my opivion, adapted to
the open coast of Madras, and after the experience we Lave had of the Madras piev, I imagine
fow will advocate their use. ‘ :

7., Calssons may be constructed ol timber or of iron, and of #ny shape, but in every case’
they reguirt to be strongly put together in a dock, and after heing filled with concrele or rablle
‘musonry toithe extent of their powers of flostation, have to be fluated out, and with graat
Iobour and dilliculty sunk in their propar pasitiong, and then built on {31l their saperstricture
rcaches the desired heighi., Ay a dock is indispensable for their constrnetion, their nse may be
said to bo wul of the question at Madras, where such g convenienoe neither exists nor can bo
easily provided. -~ ' o . Co S
. 8. Stene alone, and in the form in which it comes from the quarry, seems to me the mate-.
rial which ¢an be most fully relied on under the conditions which must regulate the coustruc.
tion of a break-water at Madras, and in this opinion I appear to be supported by Mr. deClosets,
who has designed his work on the model of the Plymouth break-water, and who would make it
consist wholly of blocks of rough stone, which, tumbled into the soa in the proposed direction
of the br‘?:k'“’ﬂtﬂf s world be allowed to assume the natuml slopes which the waves would give
them. This has been a well-established and sncccssfal way of forming break-waters, both in
uneient m?d modery times, but ctigrineers of the present day are not ag-lvcd‘ upon its being the
most advantageous method, w8 it entails a great expenditure of material, which might, it s -
supposed;‘ be urranged to offer a firmer resistance to the waves by Being disposed with a vertical
face to tlie sea, instead of one inclined at a great angle. ' In de(;p waier a yave has no progrey.
sive motion ; it rises and fulls in a vertical.plane, and {mly acquires the character of tra.nsl:tmn
when it reaches shallow water, or meats the long foreshore of a sloping bréak—waber. For thiy
reason 8 wave, on meeting with a vertical obstruction in deep watcr,ﬁnuai'v'es poronward impulse
but merely rites and falls without violence ; but She same wave on reaching the foreshore of the
beath, and especially on encountering the long mdﬁned plane of the surface of a break-water =
with a seaward slope, acquires a powerful forward motion, and rushes-wp that ;,xope with ‘such
violanee as sometimes, during storms, to tear up and carry with it stones of the largest sizo,
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Theoretically, therefore, a break-water, in a de{.)th of seven fnthon{s, to be able to resist the
greatest force of ¢he sea with the least risk of damage to itself, should be built with a per-
fectly uprizht Tace to scaward, thus— ‘

gt water

§ Low water

.

B e e - o> S

Sectional arva o masorry with Stone cosirg 312 4 ¥

‘ ) Seale 33 Feet to ar Inch.

9. This form, however, requires that each stone, of the facing course at least, should not

-'ouly be of massive proportions, but should be dressed and fitted to its place with the greatest

- nicety, and Le laid with the utmost care, and involves the erection of staging as well ag the, ,,_.“:‘

_use of expensive diving and other mathinery, and necessitates the cmployment of much skilled
Tabour of special description. Though probably the most perfect, and requiring the minimum
| quantity of material, this system of construction is exceellingly expensive, and when adopted’
<in's seaway or within the influence of strong currents, is attended with great difficulties and
‘ ev:én dangers. It is not suited, therefore, to the eircumstances which have to be dealt with at
. Madras, and I tlink a more simple, though less sciantific, mode of construction must be"‘ there
. followed.. But'it is not necessary that the upright form in which a break-wuter Ja best @puble‘ ‘
"'of resisting the sea should extend to the full depth of the water in-which it 18 planbd L oyave
“have little or no force below the depth of the trough of the pew, and stones or: "\“‘”" 0
materials thrown inte deep waler assume natural slc')pés applronclm_lg' angie ot 40, up to
‘within a few feet of low wator. An approved method of edustruction 1% ﬂ’l" Becd 1 ﬂi" P
. down stones in the given direction of the break-water, ,md(whenthe mass iy De8 1* ‘
#nearly the height at'which the waves would begin o act wpen' it, to b“ll',i on ‘ﬁ.,“,““" 8 beeg
yu ° . & DegLl Loakn kT Alowing section of a brealki
" upright superstructure to the required height, as shown 1in“1:;';‘the fo g reak:

© water 50 foxjmed. . - K -
S R S e Y - .
#;W Werter w' :

BsZowwazer

, ‘ S Seade 33 Foot to anfnen.
5 ﬂ‘b.tgmethod ;1‘;,‘3& f‘ﬁéén;if}gdéeéssfully‘ adopted of late years at several places. The
sough atone, or « pistre-perdus,” is now being complsted from low water upwards
ertical gection. Although not' requiring carefully finished work to be dgne ih deep
in. the \vertical systern, this method of construction cannot be resoriad to without ' -
l k namodxﬁed degree the diving nd other mechanical apparatus whic‘!:;\ itis
mploy without a full command of skilled and trained labonr, and it is, thore-
iy, unadapted to this country, whert much skilled labour cantiot possi-
tgloyed. Neither of the two systems, then, by which a yertical
‘ Mﬁm gy judgment, applicable to Madras, I have no  dhoice
ethod’

which T believe . substantial and durable work may.

‘have followed itin remodelling the break-water at Cherbourg, which, constructed origi-

[
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be construeted with the means either always available or readily procurable. That method is
previously mentioned as similar to the onc proposed by Mr. deClosets ©f throwing down
‘bloeks of stone just as they aregot from the quarry, and allowing them to take the slopes
which the waves will give them. These slopes are known from experience to be very moder-
ate up to near the level of low water, but from that point upwards to be so flat as about five of
base 10 one of height. This 13 the reason why o vast a quantity of stone was used in the con-
struetion of the Plymouth Breakwater, for the rise of the tide being there 18 feet, a breadth
of five times that height had to be given to that part of the body of the work on which the

sea slope 1s formed, making the base of the work extend to the great width of 350 feet.
f \

BREAKWATER
g » Spiriig tides
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Scale 33 Feed to an lruch.

11, 1t shows, too, the advantage which Madras offers to the construction of a break-
.. water In having a tidal rise of only some three feet, which necessitates no such great sacrifice
i -of material as, under the system of a rough stone break-water, would be requisite were the
| tidal range greater. ' ' *

12. The section I would propose is this—
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.- 18. It differs Arom Mr. deCloset’s only in being suitable for & break-water in seven -
oo :ftlloxrls at }ow tide instead of at high tide, in having its sca slope carried down to low water
) stead of 'to 15 feet below that level, and in having “its erest a few feat higher than' My,
i deCloset’s 'ssems to think necessar ; o AP e
14, This is Mr. deCloset’s sectione— ‘
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and it will be observéd that there is little substantial difference between us. It is, no doubt,
more in accordancd with the experience obtained in other quarters of the world to continue
the sea slope several feet helow low water; but belicving as I do that the sea at Madras
cannot acquire the power to act with the disturbing force which it exerts in the more exposed
situations where opportunities for noting its effects have been afforded, T am not of ofinion
that the seaward slope of a Lreak-water here necd be carried further than low water, and 1
think the material may be better disposed in giving elevation to the crest of the work, to-
enable it to afford better shelter and smoother water to the anchorage within it.

15. Adopting the rough stone, or* pierre-perdue ” system, I wounld place the break-water,
directly opposite the town in seven fathoms at low water, and would give ita length of 2,000
'yards. Seven fathoms will be found at a distance of about 1,200 yards from the shore, and’
directly parallel with it, and a break-water, 2,000 yards in length, will extend from opposite
the Light-House to opposite the Railway Station, and will give cover to an anchorage in from
three to seven fathoms of about 300 acres.

16. A reference to my section will show that I would make the top of the break-water 30
feet broad, and base it 6 feet above high water. This would give solidity, as well as great
stabiiity, and probably afford quite sufficient protection to the anchorage. 1f, however, the sea
were found to wash over the crest tosuch an extent as inconveniently to disturb the anchorage,
a sea wall in the position denoted by dotted lines might be added without difficalty. Construct-
ed as I propose, the break-water, if stone in sufficiently large blocks be used, would probably:
occupy a base of 662} yards, and contain 781 cubic yards of stone for every running yard‘
of its length, or 1,562,000 cubic yardsin all. This is an enormous quantity of material, but
it may perhaps be reduced by the judicious disposal of the large and small .stone, the former-
being deposited on the outer slope and crest, and the latter all on the irner side, and as a core’
to the mass. Thé stone, as thrown in at random withiu the space marked out for the break-
water, would probably stand at a slope of 45° ot one of base to one ot'_ height to near .tlml
level of the low water. From that point upwards the stones, in whatever manner .they may
be thrown down, will begin to assume for themselves uqlley the action BE the waves; 3 long.l
slope to seaward, and it will only them bo necessary, as the. work spprouches the surfase, to bs

careful to throw in all the largest stone on t . ‘ ‘ . : sl
the inper. The sea will arrange them of itself in the manner best ddapted to resint ita

d the work may be hrought gradually into sh tse ¢ for s
z:one :swocca,sior): ma;f reé:luirf Ultimately, after the work has takenkndperman;ng fom?; :
surface may be finished off with a covering of large stones carefully packed on end. ‘

17. I come now to the question of cost,

. i i varries so &i
?J:i\msii;“ fr;?em;f]; .I:pz,f;vilﬁgﬂ?e neighbourhood from which stone can be had are the Red

; ) pe. At the Red Hills laterite may be obtained, but scarccly in
ggl(s'u az:}:;?ﬁé Z‘:r%m(,ﬁ); e;i‘;t; gwith the facility am} rapidity which are ('*.ssential. At Pala-
‘ q 3 C’velong excellent quarries of granite might be opened, but neither of these places,
veram an I?I'll has any direct water communication with the sea, and to transport stone
nor the Re(fl;' h1 ;:)in the large quantities that will be required, and in the 'large blocks which it
from any (1) bt ese in the largest possible proportion, railways must be made, and means be
is ess?:ellzgaf Y uemovin" theb difficulty of caryying ponderous magses across the surf. The surf
'goivx:deed ;)/;e rgreamt d;’fﬁeulty, and. no scheme for the construction of a w'«?rk beyoud it can be
“reliable. unless it provide clearly for overcoming or evaflmg thg obstruction which it offers.
Palave ;am, situated about 12 miles from the beach opposite the site of the proposed brcak-watelr,
'is the spot from whence, in what may be called tjhe nm.ghbon'rhood of Madras, stm.m‘ may, in
. my opinion, be mogt easily procured, but for its delivery in lzfx'gf: enough quantities aml.m
. sufficiently large blocks it will be necessary to make a tramway or railway to the nearest point

on the coast, and there to construct a jetty into deep water beyond the surf. The distance

from the Palaveram hill to the beach 15 about 6 miles, and the intermediate country being
“faVOura.blé,a railway, capable of being worked by locomotive power, might be laid with ense and
- at a modarate cost. The jetty would require to be a substantial structure, probably of serew

Piles carried out for at least 900 or 1,000 feet, to allow of barges approaching it with safety in

all ovdinapy states of the weather.. Shipped ou barges, ‘the stone, by the employment of

steam-tugs, would be rapidly econveyed to its destination, and I see no reason to think that the
- break-water nm%'hh ‘mok be sucoessfully constructed with materials thus procured. There are,
however, so miany ficnltios, delays from inclemerit weather, and other coutingencies atiending
mgh ge"‘”'YOf such punderous blocks as the stone for a break-water vught to
wmfh il to consider whether stone of proper quality and in sufficient
b i ble from some spot from whence, though not in the neighbour-

he outer side of the work, nnd . all the sm"nlleiwo# :

ape bi& the jadicious use of large ot suvy i'l#’t

and this is the most difficult part ofythe subject, }f‘”
tuated as to allow of stone being shipped from -

supply at the break-water,

CONSTRUCTION OF MADRAS HARBOUR. 27

lhood of Madras, water carriage may be available from the very verge of the quarries to the
site of the break-water. T am acquainted with only one place answering this descriptton. 1t
1s Seetanagram, on the south bank of the Kistaa, where the Southern Canal from the Bezoarah
anicut takes off from that river,-and, after traversing the Delta for ahout 40 miles, termi-
nates in the tidal creek of Nizampatam, and, by means of it, has direct communication with
the sca. At Scetunagram the canal skirts, for more than a third of a mile, a hill of 200
or 300 feet in height, from whence aun ineshaustible supply may be obtained of stone which,
quarried and carried all over the Delta alveady for the works constructed in connection with
the Kistna anieut, ¢an, 1 am inclined to belicve, be delivered at Nizampatam, by reason of
the cheapness of water carriage, at 4 cost not in excess of that at which stone is likely to be
quarried and Joaded anywhere near Madras, where the rock is either not well situated to be
readily quarricd in sutlivient quantitics, as at the Red Hills, or 1s of such hardness as to be with
ditficulty brokon up, as at Palaveram. Assuming this fo_be the case, then the expense and
risks of transpdrt by sea from Nizampatam, a distance of 195 miles,_have to be set off against
the cost of carriage by railway, and the expense, as well as the difficulties, delays, and dangers
of the shipment of heavy masses over the surf, and their conveyance by barges from opposite
Palaveram to Madras. , .

18. An'estimate of the probable cost at which stone may be quarried and put on hoats at
Seetanagram can be pretty fairly arrived at by examining the records of operations on the con-
struction of the Kistna anicat, and by making, on the oune hand, due allowance for inercased
prices of labour,  and on the other, for the use of more and better mechanical appliances than
were available on that work. Stone was quarried and delivered on the anicut with g lead
of fully half a mile from cither side of the river, for rather less than 12 annas a eubie vard,
and making the allowances I have mentioned, it may be safely assumed that it is not likely to
cost more now thau R1 on board a boat on the canal. Supposing a boat to carry 100
tons or 50 cubic yards, and, manned by ten men at B7 each per mensem, to make five

rips, which is moderate work for one month, the charge for carriage to Nizampatam will be
L) )

o5 28 of a vapee, or only 4§ annas per enbie yard. A cubic yard of stone may, therefore,

be estimated to cost not more than R1-4-6 delivered at Nizampatam, and I feel pretty con-
fident that it can nowhere ncar Madras be even quarried in quantity and in blocks of size less
than that sum.  Trusport by sca is indeed so cheap that it is not a matter of mueh importance
whether it be over a distance of 200 miles from Nizampatam or ten from opposite Palaveram.
In cither case a large number of barges and steam-tugs must be engaged, and I cannot bt
think that the longer distance will be move than compeosated for by the avoidance of all
ditficalty in orossing the surf. I have spoken of the probable price of stone as delivered at
Nizampatam, but it will not be necessary for any transhipment to be made there. The canal
is navigable for boats drawing four feet of water, and the locks on it being 150 fect long by
20 feet wide, it will be easy to build barges which, taking the st one on board at Seetanagram,
will proceed with it direct to Madras, being towed hy steam-tugs from Nizampatam. These
barges, if made 90 feet'in length by 19 fect in breadth aud perfectly flat botbomed, would
carry: 100 tons or 50 cubie yards with three and-a-half feet draft of water. They would of
course be unable to sail, and would have to be towed hoth ways on the sea portion of their voyuge
by stearn-tugs, each of which, say of 40-horse power, wonld easily make a trip in five days
with, six such barges. Taking the expense of such a steam-tug at RiI20 per diem, 'iu‘(:ludir:xg
the cost of five tons of coal, and that of each boat at H24, the cost of tramsport per cubic yard
from N.mm?}P&tﬂm to the site of the break-water, supposing each boat to carry, as 1 have said -
50 ?“‘“9 yards, would be "ixS « H2.4.0. Adding this Lo the price of Seetanagram stone
brought as far as Nizampatam we "have B3-8-6 as the cost of stons from that source of
will b required in the ot This is, howe\jer, exclusi\jeao‘f the valute‘of the extensive plant that
‘ pe not only of harges and steam-tugs, but of cranes, temporary

. tramways, wagons, and quarey apparatus ‘of all kinds, and does not provide for the cost of

snperi"fl;,endence, Wl.lich will be %ﬂmavy item, owing to the extended nature of operations and
to the length of time thoy will veenpy.  Making due allowance for all these, the cost of a

“break-water, aceording to the section 1 would adopt, may be approximately estimated thus ;-

R

1,562,000 cubic yards of ston“e, at sa Rﬁ-S-G | 5

200 barges, at R4,000 ., y . . . . . Ug ﬁgﬁl)g
= * 15 Steam-tugs, at R50,000 . . . . . . . 7”0,000

Cranes and other plant . . . . . . ‘ 2.80’000

Superintendence, at K1,00,000 per annum for twelve yenrs 12:0()!000

Torar . 84,65,813
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19. 1f Sestanagram be considered too distant, i’n]averam is, I believe, the only other place
from which stone can be procured. Assuming that it can be obtained from thenee in the manner
I have indicated, 1 estimate its cost, delivered at the break-water, per (;ubic yard to be—

R a.p.
Quarrying, the stone being hard . . . . . . . 200
Loading . . .o . . .o . . . 002 0
Carriage by rail to boat . . . . . . . e . 0 8 0
Loading cn boats . . . . . . . . . . L4 0
Cost of conveyance by barges towed by steam-lugs at one trip in one
andea-half day . . . . . . - . . . 07 3
36 3
exclusive of the cost of railway, pier, steam-tugs, quairy plant, and superintendence. With
these items the approximate estimate will be— : .
v R
© 1,862,000 cubic yards, ot R 3-5.3 . . . . . . . 5198531
: Railway, seven miles, including sidings, &e. . . . . . 5,000,000
Shipping pier . . . . . ce . . . 5,00,000
50 barges, st R 4,000 . . . . . . . . . 200000
4 steam-tugs, at R 60,000 . . . . . . . . 2,00,000 .
Superintendence for tweive years . . . . . . . 12,00,000
79,08,631 '

showing a difference of 4§ lakhs of rupees in favour of stone from Palaveram, supposing the. .

Palayeram stone can be quarried for R2 per cubic yard, and that steam is not used as the
wmotive power between Sects:.{gram and Nizampatam, in the way in which it may be advan-
tageously applied to the tractiot of the barges by means of a chain laid along the bed of the
canal in the mabner adopted on the River Seine. My cstimates give, I think, a sufficiently"
near approximation to the relative cost of stone from the two places, but of course neither would .
be selected without further full inquiry. i i -

20. It is unnecessary to enter into any details of the manner in which the wqu of! con-
structing the break-water should be conducted, as these will be best arranged by ‘.h?"“. Wh"j
maj have their direction; but I may suy that, though the work will probably not be 4‘3‘1!1%’9%}11 ;
within less than “welve years, it would be more or less s defepee to the anchcfmge fll;_;’m mﬁ
fizst, and, if begun at the centre atd carried on north und south _sxmulwneously,;}t, wou ,am
a year or two, alford ample protection to s very considernble aren for ““c‘w?gc;n an adv,,;,,eg&.; :

21.- But this is not the only use which may be made of & break-\t;;) or Notaabraiea §
position off the coast: As things now are, the whole line of 'tha beac ) 1nf ub n'i,d.m's v d,
Black Town, the Custem-House, and mauy of the prinoipal public and‘ P‘?‘f"l"‘tl "é mng ‘”;\0
establishments of the Presidency, is exposed to aggression by any armed vessels 1{& m.a,y H;dd
their appearance on the consl. A single ship of war, carrying the ]ong-rangen?w l;la;l‘be whi (;
is now in use, could, with perfect impunity to itself, lay the great.,er part of Black Town 1::)’
those buildings and establishments in ruin, or drive the shipping in the roads on shore. b
teries on the beach will have no power to prevent this, but if planted on a break-water, 1,200
yards to seaward as they would then be, und cTossing

vessel to approach, ‘

22. Such batteries might be built at each end of the break-water by a small enlfargefnem c
of the work to form a ;base for their support, a8 shown in the accompanying plax_:, Wh@‘ !.'““3:' -
trates bow a battery may be formed with its magazines, store-rooms, &c., but is not intended .

to represent the description of work which should be built, as it is probable that it will ﬁe‘:";{’

advisable to adopt thd system of iron defences which it is now so necessary to employ to resist
the power of modern artillety. ¢ S
23, 1 have not noticed the abortive atte mpt that was made thirty-two years ago to form

“ @ break-water at Madras, :becnuse the break-water then contemplated was totally different from -

that, which is now proposed, and was eommenced with means go ridiculously disproportidned to
~ the nature of the work to be done as to render the failure of the undertaking certain from the
first. . ' ‘ ST, 3 S

24, With respect to the financial aspect of the undertaking, the Chamber of Comimerce
seemns £o be of opinion that one rupes per ton on the shipping frequenting the port would yield
a handsome retusn. The latest statement T have been able to abtain of the trade of Madras' is

~that of 1865-86/ From thut #iatement it would appear that the aggregate tonnage of all the -
shipping, whether steamers, square-rigged vessels, of native craft, that enter the port during '
the yoar was 3,,58,01’5}; . One ruped & ton upon this wonld yield a litfle less than 4 per cent. %

firc on the one hand with the guns in the
Fort, and on the other with those of Clive’s Battery, they would make it impossible for sy

yoy
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supposing the break-water to be completed for 85 lakhs of rupees, and would not quite suffice to

“pay. the interest at which this sum could be raised. One rupee a ton seems, however, a very

light charge to impose in return for the security a break-water would confer on the shipping,
and for the facilities it would afford to the landing and shipping of cargoes, as well as for the
important saving of time that it would enable consignees and shippers to effect. We have
heard much of late of the great delay experienced in landing and shipping goods, and of the
exorbitant prices voluntarily paid for the hire of boats, and it is surely not looking for too much
to expect merchants to be glad to get rid of the uncertainties and difficulties which now beset,
communication between the shore and the shipping at a price somewhat more commensurate
with the advantages obtained. A charge on every ton of goods landed or shipped seems to be
a far more reasonable method of raising the requisite revenue, and I think one rupee per ton
eath way should not be found a burdensome impost. This would double the returns caleulated
‘upon by the Chamber of Commercs, and, yielding about 7 lakhs of rupees, would be sufficient

to relieve the State from the burden of interest which it would be necessary to incur for the

construction of the break-water, and leave a margin for its maintenance. -
T 25. Asregards the question'qf the ageney by which a break-water should be constructed,
it may e observed that experience has not shown that any advantage is obtained by the adop-
tion of the system of carrying out latge works in India by means of private enterprise, combined
with Government supervision. 8o long as Government can borrow whatever funds it may
require at the same rate of interest which it would have to offer us a guarantee to a private

. Company to undertake the work, it is not easy to see why the Government should transfer to

any private parties whatever the complete control over the expenditure, which it can exercise
in an efficacious ‘manner only when it keeps the outlay in its own hands. A break-water is
essentially a national work which, in my opinion, should be taken up and executed by the.
State itself from the ordinary revendes of the country, on which its cost would -not press yvery
heavily, since the expenditure, though in the aggregate large, would be spread over a number
of years, and might be met by a comparatively moderate annual grant. .

; CIIARLES A. ORR, Colonel, R.E.

September dth, 1868. o

Report by Me. G. RosERTs0N on the proposed Madras Harbour, 1871.
» C
1 have carefully perused the papers in connection with a proposed ship harbour at Madras,

and have examined the various designs which have been submitted by engineers and others.

The Report of the Committee appointed by Government in 1868 is a very able doen-
ment, aud contains much valuable, and in’ some points exhaustive, information. It was

_ compiled by eminent enginegrs of the Public Works Departiwent, in conjuntion with officers
. of the Railway Company, and the Master- Attendant.

" The President of the Committee, Colonel Carpendale, did not *concur with his colleagues

,in mouch of the Report, and recorded his opinions separately. His opinion appears to me to
i ‘be well warthy of grave consideration, though I do not comcur with him in the result he
3‘ arrived at, in preferring a close harbour, whick would probably require a break-water in addi-
'+ tion, to keep ot the swell. : ‘

The designs I have examined are those of Mr, DeClosét axid Colonel Orr, Messrs.

* Chisholr, Doyle, Fraser, Rymer Jones, Wells, and Captain Heathorn, Parkes, and Captain

"Taylor.  The Madras Chamber .of Commerce also supplied me with a copy of a scheme by
Mr. ngoset; for constructing docks on the island. ' ‘

1 fu]ly. ceoncar with the remirks of the Committee, against any attempt to form a break-
water, or per of any kind, of a complicated structure, in a situation like Madras. Neijther
do I thiok that anything of the nature of a boat harbour will succeed, until the shore is pro.
tected from tke action of the surf. ;

After a full consideration of the whole subject I have comé to a decided opinion, which

is——that before any works can be safely commenced, more must be known regarding the most

“important points in connection, either with a close harbour or & break-water,—»iz., the currents

close in shote, and the amount; of sand in motion at the coast line. The whole success of any
scheme depends on this knowledge. The littoral curdents, and the quantity of sand in motion
have been freely spoken of; and taken for granted by the Committee, and bv others : cé
what real evidence is there}aboat them? The internal cvidence in the Comnsittee’s R: 30 “
is obnflicting. The usual question put to a witness commences as follows :— S
“The European diver hag informed the Committee thet the loose bhed of sand on the

-beach does ot extend beyond the six-fathom line, and that there is no current ‘at the Led of
the sea “at‘ soven fatkoms, ASSuyaing‘this to be the case, and as we know from soundings tl'aken .
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along the pier for five years, from which there appears a variation in the depth of sand at the
pier head, of five feet at different scasons of the year, there is reason to conclude that the sand
is chiefly moved on? to sea and into shore, and not carried muck norlh and south. What is your
opinicn of a barbour 7 &e., &e. '

The italics are mine.

Let this question of the Committec be compared with a portion of their remarks, in para-
graph 13 of the Report on Mr. Fraser’s design—

“We cannot agree with Mr. Fraser, either that the quantity of sand which is carried
along the shore with the littoral currents is of so limited an amount as to render it capable of
being controlled by artificial works, or that the effect of a series of groynes would in any way
differ from that of the small groynes which have already Leen thrown out from the Leach at
Madras, which has practically resulted in the extension of the beach to near the end of the
groynes, The actual quantity of sand moved along the shore is certainly unknown, but if the
construction of groynes leads to the formation of a new sea beach, in advance of the original
one, and precisely similar to it, the inference is, that either the sand which has been heaped up
was derived from material brought to the spot by littoral currents, or that, if it were thrown up
by the surf, the quantity thus cbtained from the bed of the sea was replaced by an egnal
quantsty krovght from a distance. We consider that there is strong reason to conclude that if
a heach is extended a hundred yards by means of groynes, it might be extended a hundred
yards further by continuing the process, and in each case a new line of beach being formed
precisely similar to the original beach, there would appear to be nothing to prevent the shore
being extended to any amount that might be desired.” ;

I might qucte other passages in the Report, such as those in paragraph 14, on the design
by My. Rymer Jones, buat the above is sufficient. j'

The Committee, in their question to the witnesses, say, there is reason to conclude that the
sand is chiefly moved out to sea and into shore, and not carried much north and south; while
in their Report they decide against a close harbour, on account of the quantity of sand brought
by the littoral eurrents runuing parallel with the shore. - S o

There i hardly a serap of reliable evidence about thesa.litb?ﬂ:al currents. M, S;‘hﬂ]eto,‘the
European diver, says,  no current at bed of sea at seven and enght futhqmsz if thére ;was,; he
could distinguish it.” ‘ T

Captain Dickinson, of the steamer Cashmere, states, as positive information, that ﬁhﬂ’vﬂo. .
aty of the littoral carrents, parti¥ularly in the monsoons, and from 1,200 yords off ﬂé& Sllol‘e

U

to 600 yards off the shore, is seldow more than 1 mile an hour.

Captain Lewis gives the currents in the N.E. monsoon as the strongest, and at a mile from
,( g

chore estimates the velocity st from throe-quarters to 1 wile per;h_our.(hNelt'hor ot: tht tt)ﬁz(;er;
states whether he had actually measured the currents. {&ssmpmg ' vletrekls a u;)nfn o
wile an hour at 1,200 yards from shore, in seven fathoms;, it 19 essential to kuow what are the

{he coast line, for the diver says the bed of loose sand does not extend fur‘tl'ler
xﬁzﬁ !sli?;eaihoms. On this point no information bas been laid before me. The prebability
15, that l’che current of 1 mile an hour is much diminished near shore by friction on the
botto;n. tendimey to travel iﬂ the bed of loose sand which fringes the coast, must be due to
whatevlg" ﬁlonﬁity these littoral currents have, combin.cd with that oblique act.ion of the surf,
caused by the ocean currents, which I have alluded to 1n my .Reporﬁ oD Cochin, These ara
the two agents at work ih moving the sand. If the velocity of the littoral currents is ot
sufficient of itself to carry the sand along the coast to the north, cr tt? the south, then the with-
drawal of the other agent, the surf, would cause the sand to be: deposited at any plnce_ where
the littoral currents alone are at work. . . .

In short, if there is such an immense guantity of saqd in motion on the share at Madras
as to be beyond the power of control by groynes, or-otherwise,—such a quantity as to render
probable, as the Committee think, the formation of a fresh beael? extending out to the very
end of long piers,~then my opinion is, that even a break-water will not suceced. It would stl}l
the surf, and thus remove one of the two agents which move the sand—and 1 do not think 1t
will have any effect in strengthening the currents. The consequence would be, that the sand
would accumulate behind the bréak-water-, and fill up the sheltered spot, unless the littoral
current is strong enough to swoep past, with the sand in suspension. The more successful

the break-water in creating quiet water behind it, the more certain would be the ﬁestrnctiou of

the ‘scheme from silting. : . b "
The Committee, to a emall extent, have some idea of this: objection to a bréakswater, for

in paragraph 98 they aliow that *there will be a ceortain extension of the foreshore, which

would adopt a:{more; abrupt slope than it has at present, but that the capacity available for S_hilﬁ ‘

. giveit
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ping; and the facility for the communication to and from the shore, would thereby be increased,
rather than diminished.” .

Who is to insure that the foreshore will stop at this * abrupt slope,” and not extend out
till it joins the break.water? I am certain it would—if there is enough sand in motion to
rendér probable the growth of the beach out to the end of the piers of an enclosed harbour.

It must be remgmbered that at Madras there is no great river near at hand, pouring
down torrents of silt, and furnishing fresh supplies for the littoral currents to carry off.

I make these remarks, not because I have come to a different conclusion from the Com-

- mittee, but to show the necessity there is for some more information as to the litteral currents,
and the quantity of sand in motion on the coast, before coming to the conclusion that a break-
water is feasible at Madras. .

' With this proviso, therefore, that the necessary information is incomplete, I will state my
opinion aui to the formation of a port at Madras, as the Goovernment of India have asked me to

In paragraph 40 the Committee say, ‘ Before closing our Report, we beg leave to submit
a few general remarks in support of the conclusion at which we have arrived. If it were
poesible to construct an enelosed harbour, which should be secure from the danger of shoaling
up, we should not hesitate to recommend it in preference to a break.water. It would be
greatly superior in every respect. The piers would be constructed from the shore, and at far

. less xpense, in pr(?ortipn to the material used, than the break-water; the accomumodation for
~ shipping,; and the’ facilities for landing and shipping cargo, would he greatly superior to those

E

afforded by an open harbour. But we consider that all these advantages would be rendered
nugatory; by the shoaling of the harbour, which would certainly result from the construction of

.~ any solid piers or groynes from the shore, and we are strongly of opinion that a break-water is

the only: work from which any real improvement is to be boped. It will uot afford a perfect

. harbour—+no break-water does—but it will effect an immense improvement op the preseut

éxposed dtate of the roads.”
- T have come to the same ¢onclusion as the Committee, but from entirely different reasons.
I have shiown that there may be as much, if not more, danger from shoaling in‘the case of a

.. break-water, as of an enclosed harbour ; but, taking all the circumstances connected with

Madras into consideration, a break-water appeaTs to me to be preferable te we vuctosed ha.rbou-.v.
For an equal sum of money it will give much more deep water shelter ta0 & harbour ; it will

create a considerablp length of sufficiently smonth -+ . -4 v wwast line to enable boats to
J3 % v+ w0 C0IE 10 Jeuuinss wat oo e weid eDber and quit more easily from behind a break-

‘water than through the one entrance of a harbour. A harbour such as that designed by Mr.

too steep ; qrdtnnry rubble would h
, - from theitop to the bettom.,

* 'might Wikrradt, The break-
" am'to give the greatest amoun

8 assumed the top at 6 fect above high

_ providing a lagge surplus to make good wastage,
»~lm‘.t§rm1 during the progress of the work, or before it may become duly consolidated, as well as

DeCloset, in connection with the docks on the island, would admit so great a swell that

vesgels would be dashed to pieces in attempting to enter the docks. ‘ :
\The: break-water shonld be in at least seven fathoms water, and be af least 2,000 yards in

leng\?‘l‘x,ﬂ,q proposed by the Committee. I should prefer to put it farther oat, 50 as to give

miore daep w;\tmﬁ shelter ; but the increased section, and necessarily greater length to shelter
q @\Iﬁnt of beach, would make the cost more than the financial view of the question
water should be perfectly straight, and have no splayed ends, so
. t of shelter with a given length of break-water. . v
the inner face of the gettion of the break-water proposed by Colonel Orr is
ardly stand, under the action of the sea, at a glope of 1 to 1
- The following ave the slopgs which the unpitched rubble deposit in the outer break-water
at P “#bl?‘“d_ has finally assumed after years of exposure to the action of fhe sea :—the width at
the'tfll? bmng :‘3“ feet ; the height 5 fect above high water of ordinary spring tides; the rise-
of tide 7 feet 5 inches, and, the depth of water about 10 fathoins, The sea slope is 6 to 1 down
to low water of ordinary spring tides, then 5 to 1 for a depth of 12 feet, 13 to 1 from that to

22 feet, and Eﬁhe remainder 1} to 1. The inner face hasa slope £ to 1 from the top to low
‘water, and. from there to the bottom 1} o 1. ‘ ‘

In estimating the cost of a break-

e slope\ of

i

water for Madras I have taken these slopes, but have
water, which is the height of the modified form for the
_in course of coustruction at Port Erin. The water
he break-wuter, und not be clrecked by a p?ar@pet of any ,

pier a,'t_'ﬁi’it:k,1 and of the break-water
should be sllawed to come freely over t
kindj . . , < :
o E’Ix‘x eqtit;‘?ating the cost of their breakjvater, the Committee have made no deduction for
interstices between the stones, for in paragraph 48 they say, * We recognise the necessity of
by the dispersion of some of the smaller -
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by the subsidence of the stone in the bed of tho sea.” This is far too great an allowance, and
has unnecessarily added, at least, 17 lakhs of rupees to their estimate. When I was on the

works of the Holyhead lveak-water, the usual allowance in ealculations for the deposit was .

20 cubic feet to the ton. This gives the intorstices as more than one-fourth of the bulk as de-
posited. One-fifth may safely be takeu off the quantity of stone calculated by the Committee,
and enough margin be loft for the wastage alluded to. There-is, 1n poigt of fact, very little,
if any, waste; beenuse the section is caleulated at the full size the deposit is supposed to
become under the action of the sea. There Is a little waste in quarrying, becanse very small
stuff should not be allowed in the deposit ; but that would be left in a spoil-hesp at the quarry
and not brought by railway to Madras—and it is the railway freight which makes the con- -
struction of a break-water at Madras so very costly, 1 think more inquiry into the best.source -
of stone supply should be made, as 51 miles is a long distance to bring & large daily sapply of -
material. ‘The railway freight of stone, if brought from Trittany, would amonnt to the cost of &
wery respectable length of special line to a quarry nearer at hand. On this head, however, the

Committee remark that “the whole cost of carriage will, by the employment of'the:j;ﬁl‘dt‘hs f
Railway as ‘the means of transporting the material, be in one scuse returned to Government,

and go to reduce, by the amount of profit on the undertaking, the Government guarantee for

interest.” According to this ingemious view the distance of the proposed quarries is. ll@t;‘

matter of much importance.

The real difficulty in constructing a break-water, as proposed by the Committee, is the -
water carriage from the shore to the sito of the work. It in proposed to put up o pier 300

yards in length, for the parpose of facilitating the delivery of the stone into boals, thence to be -

towed by the aid of steam-tugs to the site of the work, and there deposited by crancs.. Ibis

caleulated that 2,000 tons of stone per diem may be deposited in this way for 235 days.in the

year, and that the whole stone may therefore Le deposited in eight years after the complétion ;

of the pier. My impression is, that a very much longer time will be required thgni eight years.
In a swell lik that at Madras, the difficulty of shipping aud depositing stones, some of them
many tons in weight, can bardly be over-estimated. oo b R

The only way fo construct the break-watier, within & reazonable fime, and fo b independent .

Cof B -v-lﬁ,ef&]ig to run u pier.on serew piles, and garrying éwo lines of rails, ows o tie site of |

- ¥

the works. This 1yy gpparently add = little to the estisonls; bat, in practios, if will be the
: y apparently @ the catimate; bat, in practios, if will
e o oy eend, | The brenk-watet may b:a?"dﬁ??'h?f?{ |- end bip, o from
taging. 1 would advise e duewdiy wwnir ' hapy used 1o - #imaoct sl large gope
:i:caégiltl;as first adopted hy the late Mr. Rendel at Horybead and Portlaw. Zo i
the cost of 2 stﬁ‘giu
culate a staging will ¢
for the ease and certain
and the picety with

out, are well worth the expense of the staging.

v 1 have bad an opportunity of trying all three ways of executing structures of this kind in

the sea, in the same work. In the cOnsi_truction. of the reclamation embankrymnt\ for the Prince ;
E“d; = Dock at Teith, it was convenient to do half the work from a staging, and M by an,
:in 1 tiv; both aetbods being s-:upplemen’cfgi by stones brought by lighters and boats... The
exi)erileno/a gained, iv ihizo- three ways Oi executing the same work, was.se much in fﬁ‘:?“’? of
O g that, when ten ders were inviied frr a much longer bulwark to enclose the rite for.
the Albert Dock, a staging was made imperative is the contract. _ ~ o
By nsing a staging, more than & willion of tons has been deposited in one work in @ year,

works, ever

g comes to about 8d. per ton on the stono deposited. At Mudrac ef;l’. |
cost 4 annas per ton of deposit. Th'lﬁ ia not all extra or lost money ;. |
ty with which the stove can be deposited, independent of the wenther, '
which, any part of the work can be fed with material, as the ses pulls it |

i
)
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. The'estimate made by the Committee was R1,06,20,325, but they recommended Govern-
ment to be prepared for the probahility of their estimate being exceeded by nearly as much us
25 per cent. By connecting the work with the shore, and by depositing the stone from a
stagiug, the rate of execution is so much more reduced to a certainty that I have only allowed
15 per cenf. for contingencies. '

With good arrangements the break-water may be constructed very easily in six years after
the completion of the pier.

The question of fortifying the break-water is one more for a military than a civil engineer
to consider. It has always, however, appeared to me that an iron-clad, which can act on the
offensive as weil as the defensive, is the most suitable fortress for a‘commerecial harbour,

I may mention, in cdnnection with the subject of a break-water at Madras, that on the
1st of July I received, by order of the Secretary of State for India, a letter (with enclosures)
which had been sent to His Grace by Mr. R, Sannders, relative to his «“ patent floating break-
water® This was sent for my information, aud for any vbservations which T might have to
make thereon, b : ‘ :

-1 examined Mr. Saunders’ designs, and found them possessed of several features of merit.
The peculiar. construction of his floating poutoons would have the uudoubted effect of very
niuch destroying the waves of oscillation caused by loeal winds, and of giving considerable
.ghelter! behisd them. RBut they, in common with all known designs of a floating nature,
‘would have little effect in counteracting the ground swell or rollers which come in after a
"storm :at sen, nnd which is the worst form of wave a break-water has to resist, In small
“harbours, where the reductive power on the waves is not great, or where dock-gates have to
be protected from a ground swell, sugh as those of West Hartlepool Dock, it is found neces-
sary t6 use booms, brought up from the bottom in grooves of masonry, Nothing floating will
tarn the swell, ’
7 Buosides this objection—and it is the principal onc—to a floating break-water, theve is
~another, which I may state in the words of Mr. Scott Russel, at 2 meeting of the Institution
of Civil Engineers:  The lee side of the ‘ Great Eastern,” when lying at Holyhead, afforded
excellont anchorage for small vessels in light breeses. But when the roller, the one great
wave of translation, came, the anchors snapped at once, showing the danger which would have
" been incurred Lad sho been moored broadside to the roller instead of offering to it the small
resistance of her fine bow. No known force could effectually scenre & large Hoating bresk .
witer broadside on to a heavy ground swell. Tt would mowe horizontally with the wave of
translation, which would propagate itself along the bottom, just the sume as if the breuk-waier
was not there.” ‘ . .
The difficulty of mooring a floating pontoon broadside on to a swell is one for experiment
and one which I think might be overcome; but the first objection is, in my opinion, fatal to
“any floating struétuve, however skilfully designed for the reduction of wayes of oscillation.
. ‘Phie papers sent to me regardiug Mr. Saunders’ break-water state that Company is being
" formyd for the werking of the patent. 1f the Company would construet three pontoons, and
. moor théin at an exposed point of the coast, they would do more, if successful, towards the in-
. troduction of floating bLreak-waters than any number of favourable opinions can effect. As yet
. thanestlon has been a matter of opinion, and not of experiment, I, for one, will rejoice if
‘my ‘opinion’ turns oub to be wrong ; for a floating break-water, moored off the sandy shores of
;I,"’d’:?"‘?r Placed 5o as to shelter the mouth of a river, and prevent the surf from throwing up a
« baryis 4 desideratum much to.bo wished for, but, I fear, unattainable, :
1tidoes not come within my daty to enlarge upon the disadvantages under which ships labour

]

and 1 have knows 5,220 toos of stone de}ﬁf&ib@d in one day. Thisf, however, requires ‘very pote

" fech, arrangoments, especially at the quarrics, fvher?e _the preparations for the large blasts have

A commenced many woeks beforev‘r,bo stoue is required. . P

4 "»,;;j_ " After the construction of the break-wuter, the greater part of the pier may he taken up |
e apd the materials Wsed to widen the remainder for. traffic purposes. The pier “""_ be, for &

Lige, somewhat in the way of ships using the anchorage, but not more so thun the piers of aa

eneloeed hachour, Stesmers cay_easily go roand if, and o tug should be providid to assist |

, ailine vesdels during wlverse winds, e :

S %h ';"he staging fre;;o‘..which the slone is deposited should be made of double timbers, tished -

i iggg’rzthcrt as at Holybead and other places, sud s‘uuq.‘.d have on 1t five lines of mils. . .
2§ Lavd made uh mebimabe of Yhe vost of a breuk-waler constructed in this manncr, ingluding
“1,’%}{?y;§;ﬁs loug to connset the work with the land, and including also the necessary .
nperistandonce gud plat, . I
T estimnte the whle ab R1,14,00,000. Alowing 15 per cest. for eoptingencies, bringe™

foe aosornd, up te B1,51,10,000—0r rather under ohe and a thisd willions sterling.

in coming to Madras at present, - The merchants of that place are fully alive to the danger to

~ which they are exposed, of gradually losing the greater part of the trade, which, in spite of
such dlsadvuntages; has hitherto been attracted to Madras. ' °

e e sl ok o omem

v
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HE A _ BLACKWOOD’S HARBOUR.
: - Before leaving Madtas T received the following letter from Colonel Orr :—m
S ' - . P. W. Derr,, .
: - Forr St. Groror, 2874 dpril 1871.

| Sir,~In continuation of my letter of the £8rd February 1871, I am directed to forward
* the accompanying papers, from which you will observe that the Government of Iudia having

caﬂeu! for a Report on & proposal te construct a safe anchorage on the Coromandel Coast, as a
substitute for the davgsrous roadstead at Madras, by fmproving the mesns of shelter ¢ be

w

‘formed at the spot known a8 Blackwood’s Harbour, they were informed that the subject would

.

E

-
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be referred to you on your arrival at this Presidency. I am accordingly to request you will be

"good enough, in the course of your examination of the port of Madras, to take the opportunity
of favouring the Government with your opinion of its capabilities, and of the expediency of
adopting any measures for its improvement.

1 have the honour to be,
) Sig,

Your most obedient Servant, o
(8d)) CHARLES A. ORR, Colonel, R.E.;

~ Sevy. to Govt., P.W.D, '

In accordance with this request I have carefully perused the Reports which were sent to

me about Blackwood’s Harbour, and have examined the chart of it which was made by Captain
” W. Maxfield in 1821, :

The piece of water which lies hetween Armoghar shoal aund the land, calléd  Blackwood’s
Harbour,” is, to a consideralle extent, protected from the heavy ground swell of the ocean,
No part of the ghoal, however, has less water upon it than 24} fathoms, aceording to

the plan referred to, or 13 fathoms aceording to the chart published by the Hydrographic
Qffice in 1831, Over the northern portion of the shoal a ship ean sail. 'While, thercfore, a
very considerable protection is given to the anchorage by the Armogham shoal, a break-water
would Tequire to be coustructed on the highest part, called the  Reef,” before Blackwood’s
. Harbour could be used extensively, either as a commescial harbour or a harbour of refuge.

This iz acknowledged by Major-Geueral Anstruther, Major Cotton, Sir Frederick Arrow, and

others, who have written on the subject.

Major-Geveral Anstruther has proposed to effect this by erecting py‘mmids of stone along

"the crest of the sand-bank at intervals, expecting these heaps of stone would, i time, canse the-

formation of epits of sand on the north side,  thus gaining, ?atilitiile coat,anat:lml break-watet .

of sand.” b

sand-bank. . IR RIS 5 R
The nearest point of Armogham shoal is fally a mile d;stant frt:lm langéi\:? ¥ fa 1ome
water : aud tuv overage distance of the shoal is 4 wmiles, with 9, 3, and even [T fath
water between it and the shore. t
f sand in suspension in the sea al 4 wiles nter o
?v(:?lrdobe q;ikelv o be formed by piles of stone deposited on the shoal ? My opinion is, that

y U . q would i logical period of time. Tt is quite

, It, if it ever did come to pass, would, require a geok ;
. :uz}zﬁ z; ::z: b ‘-fmm.the silting feared by the Madras Break-water Committee, when they
‘- insth the piers o . .
;?Oriﬁ‘s:lgﬁi that npgreat; deposit of sand would take place, because the piers would have to
o réjeetcabfl“)m the bed of loose santl which fringes. the coast, and in which groynes have
. ah; dv been placed, with the effect of causing a certain amouut of accumulation. . But there
e dence whatever to support the probability of the creation of a deposit of sand at

Armoghanm. ' ' 5
z:mI% does not even follow that the ehoal itsclf was ever created by deposit. It is called a

« shoal,” becausc the bed of the sea at--that place rises above the level of the vicinity, and -

challows the water. Dut it migh? be that Poondy Point once extended farther out, and that
the Armogham shoal is the result of an encioachment of.‘ohe sea; or, if formed by deposit,
ages may have elapsed during its formation. In short, T think it extremely improbuble that
thege is so much sind in suspension, in 7 fathoms water, and at a distance of 4 miles from land,

on a shore 2o far from large rivers that a break-water would be formed, in a reasonable time,

by Major-General Anstruther’s plan.

- . 1f a break-water is to be made at Armogham, it must be constructed in the ordiﬂaty way.

In 2} 8 fathoms, there would De no difficulty in doing this, except as regards the loading

~struction. ' The sectien wonld be, of course, véry mugiilmaller than that required for Madras;

Major Cotton agrees with this view, but difEel‘.B.,\aB to ‘the éx‘df ”h“l‘“ of. tbe eu;peoﬁed L

What evidence is there, of any kind, that there is such a 'ii'|
4 miles from land, that a break-water of sand =~

¢ an enclosed harbour ab that place. There they had some grounds -

.-

and depositing, by barges in a sea-way. That diﬁic#‘ only affects the time and cost of con-

- but the length of the break-water to protect a given Tength of beach from eurf would require

- to b much greater than at Madas.. The proposed break-water at the latter place is only
- 1,200 yards from shore; at Blackwood’s Harbour it would be 8 miles, or more sccording to.

the part of. the shoal selected for its site, - Indeed, the break-water would require fo bo very

lotggindeed, to still completely the surf on bhore, though a - shorter length would hugwer all: |

~ the requisites for a harbour of yefuge.

K
)
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In the evidence laid before me there is some difference of opinion about the surf on the
coast behind Armogham shoal. Coptain Maxfield, in his Report, says that theisurf is at no
time dangerous, and that he daily landed there in ship’s boats, from the 22ud of May to the

© 15th of June, three or four days only excepted, This is, to 4 certain extent, confirmed by the

Repart of Captain Cowles in 1823. .

Mr. Grant the Master-Attendant at Madras, in 1823, on the other hand, affirms in hi
Report that it is true the shelter afforded by the Armogham shoal breaks the force of the
sarf, in some degree, upon the beach within its verge ; but, whether'from the depth .of water
on some parts of the shoal, or an undulation caused by re-action, there is at all times, in many
places on the shore, within this verge, quite as much surf as on the beach at Madras, although
it breaks but once.”’ * N ‘

I have already said that a break-water cah be easily constructed on the Armogham shoal.

It would shelter completely a finc stretch of water for purposes of refuge ; and, if made of great
~ length, would dso shelter the beach for trade purposes.

But if a large sum of money is to be spent in constructing a break-water in this neigh-_
tourhood, why not spend it at Madras, where it is more immediately wanted, and where trade
i already established ? ’ ’ ’

Madras cannot be shifted to the vieinity of Armogham shoal; and ships will always
come to the centre.of business, in preference to landing their cargoes, however easily, on

‘an inhospitable coast 45 miles away, even if conuvected with the capital by a canal or
‘railway. :

The advisability of spending a large sum of money at Blackwood’s Harbour depends,

therefore, chiefly upon the necessity there is for a harhour of refuge. Would the shipping of

~ Madras ever take refuge at Armogham? It is not often that they are forced to ran from
. Madras roads; and it must be remembered that during the worst time of the year for heavy
 gales on that coast, both winds a:md curreuts are against ships leaving Madras for Blackwood’s
' Harbour. ‘

1t is most desirable to have a safe anchorage on such a coast as the Coromandel, but it
appears to me that it would be wiser and more remunerative to lay out one and a third, or
even two, millions sterling, in protecting the present anchorage at Madras, than to spend one
million in a break-water on the Armogham shoal, It is as much a common-sense as’ aa
engineering question. _ ' ,

I have no very reliable data for estimating the cost of a break-water on Armogham
ghoal ; but I think that for about one million sterling, a considerable portion of Blackwood’s
Harbour may be protected, and made a safe and oxcellent anchorage.

Note by Wirtiam Pagges, Esq, M.I.C.E., on the formation of a Harbour at Madvas, 1872,

The exposed state of the Madras anchorage has long been’ felt as an evil for which a
remedy ought to be providad, and an impetus has been given to the question by the accounts

~of the loss of life pnd property in the late revere cyclone.

2. Some months previous to that disaster, Mr. Robertson, Harbour Eagincer for India,
had visited the place, and after informiog himself of the local circumstances and requirements,
has' made & report which contains a suggestion for remedying, or at least mitigating, the evil,
and an estimate of the cost of the work he proposes. o

8. I should not hawe ‘econgidered it right to have put myself forward in this matter if I
had not been convinced that Mr. Robertson’s report would have the effect of retarding, rather
than advancing, the object in view by euggesting difficnlties which I believe to be nnreal, . .

4. Mr. Robertson’s estimate for the work he recommends is, I am confident, fully double
what it need cost, and the schema itself must, I think, appear to the majority of persons who
look at it from a practical point of view so incomplete, that it would, if carried out, involve
the construction of supplementary works on a seale not much less than that of the original
ope, before any substantial advantage could be obtained. y

5. 1 should fear, therefore, that the outy deduction likely to be drawn from Mr. Robert.
son’s report ig, that the evil is practi%iiy irremediable on account of the enormous cost of the
remedy. The real facts of the case wirrant no such conclusion.

8. T am aware that my authority to speak on the subject will be questioned on the ground
that T have not personally visited the place, and T admit that this fact renders it necessary for
me to be careful not to overstep those limits within which conclusious based on data within
my knowledge canuot be materially modified by sueh local considerations as can be properly
weighed only on the ¥pot. . : o

" El
Ao
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7. L #'7 &, bowever, that such limits in this case are unusually wide. The physical cons
ditions : . remarkably simple, and I Lave a great advantage in the fact that My, Robertson
has himself by his local examination cleared the ground and excluded from the question com-
plications which can only be eliminated by such a professional enquiry. On the grovad so
prepared for me by Mr. Robertson, I formed a strong impression as to the right course to be
adopted, but I should not have felt justified in pledging myself to it as a positiye recommenda-
tion if I had not had the farther advantage of submitting my first crude ideas to Captain
A. D. Taylor, one of the most expevienced surveying officers of the late Indian N avy, and an
authority second to none on the hydrography of this part of the coast of India, Captaixi
Taylor’s information has served to confirm my own previous impression, and I am authorised
by him to say that he entirely coricurs in the recommendations . which follow. Indeed, in the
form in which T am about to present them, they may be considered as made, Jjointly by Captain
Taylor and myself, though, as the subjects on which we are 'individually qualified to speak are
different, we could not so conveniznily embody the expression of our views in” g Joint states

Joent. He bas, howsver, favonred me with a statement of his opinion on the nantical part of
. the gquestion, which will be foand appended. _ :

8. The recommendation put forwurd by Mr: Robertson is for o straight break-water, 2,000
yards long, 1,200 yards from, and parallel to, the shore, in a depth of 7 fathoms, (The rise
and fall of tide is so small as to be no element in the question. It is given as 3} feet at
springs in the Admiralty Tide Tables, but Captain Taylor says this is a very extrome range.)
Such a break-water Mr. Robertson estimates at £1,140,000, or, allowing 15 per cent. for contin~
gencies, at £1,811,000.  As he gives the grounds of his estimate, I bave been enabled to form:
an opinion wpon it, and my conclusion is that it is very unnecessarily high, ‘

9. Mr. Robertson takes as his model the Portland break-water, which is a mete mound of .
- rabble-stone which the sea has been allowed to wash down till the slopes have become permias -
. nent. Taking a mound of such a form and dimensions, caloulating the quantity of stoné’
required for its formation, and dividing this quantity into the estimated cost, I find that Mr{
Robertson has assumed that the stone will cost (including staging, pier from sbore, and, I prew
sume, circular heads of masonry, but exclusive of the 15 per cent.) about T8 per ton, . ™
~10. Now, I readily admit ﬁhaﬁ the Portland break-water is » noble fM?,ﬁﬂ@W‘il Wdﬂﬁi X
.and that it might be a proper model for another break-water, if such -had to’ be: constructed - |
under similar conditions. But I unhesitatingly deny that it is.a plvw;mo‘i?; 3"*9'.“ opt upder -
conditions so different as are thoss of Madras. The stone at Portland cust, ,‘I”_z_bgllevgg byt
R2 per ton, instead of R8, as estimated at Madras. Do the mwurcesof eﬂg'néfﬂ}‘%
scieuce suggest no means, of modifying the form of structure, 4o that the total eost may no o0
~ be quadrupled? - : AR determided o come
‘ 11, A somewhat similar problem was presented to me when it was ctermie 0 00R~
struct the Manora break-water at Kurrachee,and the solution then am.ved ‘ft by the ‘Superm-
tendent of the Works (My. Price) and myselfis with certain modifications applicable to
Madras, The Manora break-water, which has now advanced 800- feet from shore, haz? bgen
subjected withdut material Gamaye to much heavier and more continuous seas thun a similar
work would be subjected to at Madras, and itris in evory way éfficient aza break-water,
12, The principle is to form of ‘the rubble-stone (which at Madras would be 50 costly)
enly a comparatively small submerged mo#nd, the top of which is below the action of the

* waves; and to raise upon this a wall with vertical sides coraposed of large covcrete blocks, each

27 toos weight. It is upon this wall alone that the ses basany action, and although the action - -

is very violent, the great weight of the blocks is sufficient to withatand it.

18, Applying this principle to Mudras, we -should require; as compared with the Portland |
system, only.about one-fourth the quantity of rubble-stane to form both the submerged mound -
and the bulk of the concrete for the superstructure, and the extra eost of cement and of lnbour -
in making and setting the blocks would still leave a large gdving in favour of this principle,

- Making as the basis of my estimate B8 per ton as the cost of rubblo-stone, whether in sube
- mound or in contrete; and the cost of cement ‘and labpur in making concrete wnd in .
thig" the blocks the same as st Kurrachee, making also' nmple allowance for plant and
 preliminary works based on. Kurracheo exporietios, I find that the cost of & break.water of
the same leugth and in- the same depth. as Mr. Robegtson ‘proposes would be £566,000, or
with 18 per cent, contigenties; £650,900,  heing about sne-half of Mr. Robertson’s estimated »
. /14, Mr. Rebertson estitoates six years as required for the eptistruction of the bibhk-water
- mfter the completion of the pier which he proposes to saske $or' ranning out the stone “upign.
 On the concrste black system it could be comploted iu'three years after the completion of the
piey, of, inolodiog the pier; say four yours a6 sgainsbmoven,
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15, T submit, then, the conclusion that in considering the merits of Mr. Bobertson’s proposal
for a bieak-water, the cost may be taken at tiwo-thirds of a million, instead of vne and a third
million sterling, and the time occupied at four years instead of seven. -

16. But I have now to show that even with these advantages the scheme is an unpro-

~ mising oneas compared with a rival proposal which Mr. Robertson somewhat summarily rejects.
"17. At the time of Mr. Robertson’s visit a report had recently been made by a Com-
mittge, of which the late Colonel Carpendale was President, which treated of the relative
wmrits of a detached break-water and a “ close harbour,”” 1 have nol had an opportunity of
gecing this repoit, but it appears, by a quotation from it made by Mr. Robertson, that the -
majority of the members, though on all other grounds preferring a close harbour, decided in
favour of a detached break-water in extent. and position similar to that subsequently recom-
- mended by Mr. Robertson, on the sole ground that they considered the elose harbour would
il ) » Colonel Carpendale, the President, did not concur in this, but mai‘ntuined his pre-
evenes ‘for a clese harbour, and Mr. Robertson himself thinks there would be ¢ as mnch, if
- not move, danger of shoalibg in the caso of a break-water 2s of an enclosed harbour,” giving his
:‘preferen"he to the former on the 'n“eg'ed ground that it would afford more deep water shelter
“*in. propartion to the cost, But he makes his recommendation subject to such further informa-
- tion ‘asj;:;mﬁy_ be obtained “as to the littoral currents and the quantity of sand in motion on
. thé vonst,” as to the former of which he says there is ¢ hardly a scrap of evidgnce.”
7 -18; Bub to my mind this very absence of evidenoe ds the strongest possible testimony
sgainst. the existence of a littoral current of such strength ss could affectt the preseat question.
If there were so.strong a current, it would be one of the most prominent and notorious features
of the Mudras coast. The evidence quoted by Mr. Robertson, und contirmed by Captain
Taylor, of a well-known weak surface current to leeward in either monsoon, seldom ranning
~'moresthan a mile an bour, though under yare exceptional couditinns inpreasing to 3 miles

. ah hout, proves couclusively the absence of any special movement of o kind unosual on a

~ coast of this character. I am confident that there need be no hesitation in eatirely disre-
garding these supposed littoral currents as vehicles for esriying sand along the line of shore.

' 19. The motion of sand along the coast by the oblique stroke of the breaking wave is a more
important matter, but when Mr. Robertson expresses a desire for more information on this
point, it is natural to ask how such further information is to be cbtained. "'Lhere is no ddubt

 that the movement, whatever may be its extent, is conlined to the belt of surf which fringes

" ‘the coast, the width of which is said to vary according to the scason from 300 to 450 feet,
and-in' n less degree, perbaps, to a belt a liftle outside of it. Tt mpy be covfidently affirmed
that it 'does not extend $0- the contonr of 30. feet depth, though it may possibly extend to 20

- feet. Any deductione drawn from the effect produced by groynes which do ot extend into

" the unbroken water are of little use, and an experimgental groyne which would afford reliable

]

nge“WOuld be in itself a considerable work, , '
ﬂ‘ .'0.,':3‘

i

e dxamined before direot experiment is appealed to. Now, the testimony of the places which
ave, mget similir to the Madras coast, where the experiment has really been fairly tried, is,
i 905" L am. aware, invariably to the effect that the quantiby of sand or beach accumulated
ot windward: of a groyne carried into decp water is not excessive or unmanageable. Port
‘,ﬁ‘}d;DOVQT ‘may be mentioned ns instances which differ in almost every other respect, but
fgres in. this, that the accumulation to the windward of thé piers, though . considerable, is not
©., %o, great as to threaten ‘to envelope the pier heads for generations to come. When the time
;. dpes grrive, posterity will no doubt be in a position to grapple with the difficulty.
R 21. The positien of the question. at Madras appears then to be this: ~ It is admitted
that if a solid pier were mun out from the shore, the beach movement of sand would be stopped

“bj ity and an accumulation on one or hoth sides would be the conseqnence; but as to the amopnt

of this accumulation, there is-no definite means of judging. - One part;sy think it will be
o o&erivhel,ming,"thefother do not; the former opinion is supported by hypothesis only, the
© - lattér. analogy.” Nothing short of actusl experiment can conclusively decide the question,

© 1, 182, The success of the detached break-water schewme is, equally with that of the close har.

bour, dependent op the quantity ‘of sand in rmotion by the obligus action of the surf not heing

. excéssive. 'Mr. Robertsou says truly that the quieting of the waves on the beach would pro.
-+ duod-ns; glfectual a stop to the movement of sand as a_solid pier. Every wave wonld drive
" ssnd into the shelter, and there would be nothing te take it ont again, so that the anchorage
+". wonld be subject to 4 covstant process of deterioration, 1 have already expressed my entire

~disbelief in the agency of a littoral current in moving the sand along the coast, and can see po .

- ground for the suggestion that such a carrenf would rarry out the sand which the wave action

- wotld bring in, ' BT ‘

This. being the case, it would appear that the testimony afforded by analogy sheuld " ¢

®
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23. 1 have now given the fullest prominence to the one legitimate doubt, on physical
grounds, as to the success of a harbour at Madras, and I have shown that that doubt canuot
be finally solved® except by trial vn a practical scale. A solid pier run out from the shove
into 20 or 25 feet of water would bring the questiou to a practical test by showing how much
sand would be collected in a singlo season.  Such a pier would ultimately formn part of the .com-
plete scheme if the result of the experiment encourarre its further prosecution, and if it did not,
the only Joss would be the cost of the pier itself. Siill, the experiment itsel would be too eostly
to be advocated without a strong probability of a fuvourable resnlt, but I think such probability

is amply atforded Ly the analogy of similar situations, Taking the case of Port Said alone, 1 -

can imagine po unfavourable conditions at Madras which did not exist in & greater degree at

that place, and yet the pier there is perfectly effectnal in protecting the harbour from wave. -

driven sand.

. 24. I think, therefore, that, though this one doubt may justify hesitation in embarking
in large immediatc outlay, the probability of a favourable result is so strong that it is not
premature to eonsider the principles of a complete scheme. _

95. I have no hesitation in giving a preference to what is ealled a olose Aarlour aver a
detached break-water. I cannot admit uny fear of its shoaling, except from the remote possi-
bility of the beach estending to the picr heads and entranee, whiceh it eould do ouly from an

"petion which I agree with Mr., Robertson in saying would be equally, if not more, fatal to

the detached break-water, if it be 8o to cither. As to Mr. Robertson’s assertion that u broake

water would give moke eheltered ares, I confess myself uvable to understand bis meaning. -

Taking into account the completensss of the shelter afforded by the close harbour, and the
cousequent facility for mooring the ships more closely together, 1 cousider the superiority very
materially the other way.

26. The accompanying sketch shows (in yellow) the position of Mr. Robertsou’s detached
break-water, and (in red) my own idea of a  close harbour,” which would cost almost exactly

-the same money, viz., £580,000, or, with 15 per cent. contingencies, £6844,000. 'The system

of construction for the piers would bo the’samo as that deseribed for tha break-water, and,

 though the total length is greater, there is a saving from a portionof thém beiug constructed

years.

-

- available as quay-walls an

in shallower water. The time required for completion would be about the same, namely, four

27. T have adopted this particalar farm;‘p‘ositiou, and dlnfenslom( for' the h@l.'boug.aziot
because I pledge mysel‘f to the opinion that they are the most suitable, but becauss, from. the
quality in .
more familiar than myself Wi : :
project. 1f tho principle be accepted, there is great sco

detalésg I may be wsofal to point out the accommodation and facilities which would be

: ur. It is obvious, from the propottion which the enclosed arca bears to
:lioﬁie;t}_?{); Zzlzr;ulézr?z"jo %eet), that the water‘ will .be almost as smooth as iu a dock, whatever
be the state of the sea outside. The ‘existixfg pxer,x.mg.ht be used a8 a ‘luéy for vessels to come
alongside to discharge and load, and additional qutws an quays could be made as required.
Tn the deep paré of the harhour there would be space for 28 or 30 of the largest class of mer-
chant ships to swing at their moorings, besides those alongside quaye, Bm?ller vessels would
be berthed pearer shore, and mighlttbq moored head and stern in tier, ag in the Thames and
the shelter is complete.
elseW;SJefe'i‘lvthS:rs which enclose the harbour wonld not in the first instance be available for
ships to lie a]onggide,
carrying out new piers on
would  then shelter fhe ol

pe for variety in the asrangemont:of

the same system in the direction of thedotted lines. These new piérs
d piers, the vertical sides of which could, at a small expense, bo made
d backed to any required width with sand or earth to form quays on
which sheds and warchouses might be erected and trade carried on, on the modern system
As another step in advance, the new pier might itself be brought into shelter by another fars
ther along the coast znd converted into a quay-wall, a second and independent harbour being

- thug formed.  This facility of extension, a8 trade requires if, is an important advantage,

80, T would repeat that the estimato of cost (as respects its largest itow, ‘the rubblestone)
and the scale of the design are adopted rather with a view Lo comparison with Mr. Robertson’s

* project ¥han ¢ being based on uny inlormation of my own. Mr. Robertson kimgelf appears

- to:thigk stone might be obtained at a cheaper rate, and, if so, hoth bis aud ‘my estimates would

- be redhced ; n faot, hia would be reduced in a greater propogtion than ming, and if stone~could
b FE2h per ton, instead of RSB, the two systems of construelion would bw equal in

cosby ﬁ saperiority on ‘the ground of cost woald then/be on the side of the break-water

yclog . But such o low rateas B2-6 is hardly likely,

scale and cost with the break-water which 1,;5"159311 "?‘co,‘“’menqu by W‘Q” ;wh",: ‘m’
th the local requiroments, it ig more fuirly compareble. with; thay

but if furthor accommodation were required, they could be made so by

R

.

s
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81, As to the scale of the design, I believe that within very wide limits it might be adapt-
ed to the amount that could be raised, and my expectation is that a design considerably smaller
than that 1 have drawn would be more suitable to the existing state of the trade. Such a
desian would, of course, be equally capable of extension, when required, as a larger one, But
it should be borne in mind that there is a relative economy in the larger scheme as the accom-
modaticn inereases in a higher ratio than the cost. ‘

32. If such a harbour as T have deseribed were constructed, it is obvious that a material
saving would be cffected in the cost of lsnding and shipping eargoes, and in the time required
for those operations.  The risk to shipping wonld be redueed, and the facilities for repuirs
would be increased. AN these advantages vepresent a dircel saving of vost per ton of poods
sbip'p’éd and Janded, aud that saving might be appropriated to the payment of interest on the
outlay. 1f this were sulficient for the purpose, the financiul guestion woukl, I presume, be
sulved, and if it were not, there wourd still remain certain indirect advantages (o the important
intorests of tha town and swrrounding country which are always more ox less eonferved by
inevessed facilities of cominunication. These might be held to justify heve, as they have heen
els;e\vﬁere, a charge upon the public revenue ; but this is a question rather of administrative

- polioy thun of engivecring, or even of finauce, and which requires for a solution an intimate

hpowiulge of the local ctreumstances of the country and of the trade,

EUREIURIE LI
"

: Remarks by Carrarx A. D. Tarros, Indian Navy, on the above, 1872,

Tlie great advantage of having Mr. Robertson’s tepor, with a few ghimpses therein of
the opinions of the Break-water Commiblee, leads me unhesitatingly to prefer Mr. Parkes’ idea
of an-enclosed harbour, The Committee have placed their opinion on record us follows 1 —

“1f it were possible to construct an euclased harbour which shauld be scoura from the danger of sﬁoaling; op
we should net hesitate to recommend it in proferonce to a bresk-water. It would bo szreat..lnv superior in wery’
renpoct.  Tho piets wonld bo constructed from the shore and at far less expense, in proportion to the waterial
used, than the break-wuter; the accommodation for shyiping, and the {acilities for landing and shipping carge
would by greatly supevior to thosc ufforded by an apen-harbour.” D

To this T would add that smooth-water accommodation for landing’ and shipping cargo
would be entirely provided under the first cost of the enclosed harbour, and wharfs might

g~

. be constructed in smooth water; whereas, with a break.water* all such accommodation would

be an additional and quadruple expense, all piers for landing and shipping cargo requiring to
be constructed in the open sca, and subjeet to havok from (if not east winds) at least from
those strong north winds which usher in the’ Madras cyclones and from the 8.-E. winds at
their tail. ‘ :

From a nautical point of view, let us consider the break-water question. Say it is com-
plote, and several vessels are moored betweeu it and the shore. The approach of a eyclone is
indicated ; the north wind, hourly increusing in force, gives warning that the vortex bears due

‘eg.gt from Madras, and is advancing directly upon that place. Under such conditicns the wind
© will remain at nortb till the centre of the storm arrives; when that has passed (with that

m?fu} half-bour of calm which ‘“mukes the boldest hold his Lreath for a time® in harmony
with p hushed wind), and the cyclone is still travelling westward, the wind will come up from

. $he south; if travelling more to the 8. W. the wind will be S.-E.  What now becomes of all
; 1th9 stualler eraft?  How will the landing piers stand it® The small craft should have been
" sent to leeward on the rising of the morth wind, to guard against the contingency of their

parting from moorings and falling athwart hawse of the lavger ships. Thus, after the passage

of wtgx: vortex, when the wind has chopped to the 8.-E. or south, and the storm wave comes
on, they are found to windward. TIn the scramble to escape back through the shipping the

foreseen contingency happons. Where are they now ?  Does the reader say, “This iz mere

;Ayss:::sis.” Then let hlim listen to the chronicle of meteprological‘]oevents published at

“ Madras is oceasionally subj , o . \ .
" jected to variona hurricanes, gonerally in the early part of May, or the end of
October. They seem to travel up from the E.-8.-E.,-and progress rapidly ir & W.N.-W. direction till they touch

o :{t:e :1:?:‘1}2:3 :)?‘K}::“y '_‘,’“.m@ .a west or m}ﬂﬂt_imes 8 W..S..W, course. ~ Their centras generally come right on
ras. * « Their diameters ave abont 150 miles, and they revolve in a divection con-

tm;{ @oth*:h;\&l;lg of a m:itoh, as do all cyclonbs north of the Equator. When the hurricane’s centre comos
;:g'_ o at rffl’[ a0d thence takes & west course, the wind is first at north, increasing in violenco for a fow
anrs, an a or awful calm for balf an hour or so, when the hurricane re-commences farionsly from tho
exaptly oppos) qual"lar. south. Usually tho galo commences aboat N.-N.-W., showing that thy vorteg of the
oyclons ‘l‘)ears about L--N-~E-“ Vessels, , therefore, warned by the barometer, the hellow breaking surf, th
throatening eky, aml. the mgnalfl of the watchfal Master Attendant, should at once put to-ses. Thy 2 210
steer, and fortunately it 12 one which the wind permits, is §.-8.-E. to 8.-E. 1In n few hours the vesse] :_‘i’l“l‘."’;r?.,

"bably bavo the wind moderate at west, and may, in fact it hes been done, sail round the cyclone, tho wind

w

1
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veering to south and then to east. Vessels at first steoring enst to get way from the land have run right into
the vortex of the hurricane! The only danger in a southerly courss is from the storm-wave selting a ship on
shore. If the gale commences N.-N.-W. at Madras, and ends at 82K, as has of*- aappened, it shows that the
centre has taken a &V.-8.-W. course;and passed a little to the sonth of the town, but if it ends at 8.-W. it shows
the ceutre has taken a W.-N.-W. course, and the vortex passed to the north of Madras.”

We bave ample reason, then, for thinking that the break-water system has few advantages
to offer, nor is mine an isolated judgment. In a paper about Madras by my brother Captain
J. H..Taglor (Messrs. Green and Co¥, oldest Commander), his opinion is recorded that

- #from the exceptional bad weather caused by hurricanes or cyclones, no break-water would
offer real security for ships.”
Under the alternative system of an enclosed harbour, complete shelter is provided for both
large and small craft. The Committee say that tte shoaling of the harbour would cerlainly
result from the construction of any solid piers or groynes from the shore. I know no reason
. why we should anticipate such a result unless pains were taken to bring it about by dilatory

action in constructing the piers; fhus, if 200 or 300 feet of each pier werc completed, and then
for want of funds u halt of au entire year was made, we might expect somewsand to be brought
“frore both north and south gnd left on the foreshore on the site of the proposcd harbour between

the picrs. Tardiness in their comstruction before the zome of surf hes been passed would he

productive of mischief. But if both piers are rapidly carried out beyoud the surf of ordinary
weather, the littoral currents will not suffice to carry it past the pier heads, but merely a small
growth of the beach, oulside the piers and towards their ends, will be caused thereby. A very
rapid filling up of such an angle was prognosticated as the result of constructing the brenk-
water at Port Said, but time has shown that the operation of nature js very slow, and tbat. the

increased velocity given to the littoral current by the prominence of the pier suffices to carry -

oun what sand is held in suspension by the agitated waves and past the entrance of Port Said.

"So.would it be with a prominent enclosed habour ab Madras, and I cannot share the fears of
thosle who expect otherwise, ' ‘

Memo. by CoLones G, W. Warxzs, R. K., Chief Engincer, P. W. Dept., Covt. of Madres; on Mr. Parkes’
: proposal for a Harbonr at Modras, 1878." . ' :

subjects :— ‘ ‘ S ST PO A L
1s¢.—The principle on which a bresk-watcr should be construeted.- ! ..

=i ‘ “ " E"
2nd.—The construction of a losed harbour instead of a datached break-waber, oy

It is observed that Mr. Parkes’ note was originally drawn up on the mforhaﬁ?w éthe
frota Mr. Robertson’s report, but that he has not in auy way modified it after. buing supp

with . the Break-water Comuitice’s report. The objections to depositing the materisl of a/ - !/

bresk-water dircot from n pier communicating with the land bave not been entered into’ by
him. There i po doubt but that by adoption of the mode of: procedure made use of at Kur-
rachee, an immense amount of material will be savcd,‘ w;hwh ought to !en.d to economy and
rapidity of execulion—both very desirablo objects. 1t is very expedient, therefors, that
“Mr. Parkes shonld visit Madras and endeavour to realize on the spot the «fox:co of !:he objections
against direct deposit of materials from o p.ier, and to what extent ;,tbey, if valid, would in.
fluence his caleulations. He would then be in a position to estimate pretty accurately, with the
experience gained at Kurrachee, the
be deposited of, rough gravite ‘blqck
‘comerete. - N - .

" As to design, Mr. Parkes is opposed both. to the former Committee and to Mr. Robertson,
entircly dishelieving in the existence ofa littoral current or other agency adequate to the

and the upper portion built up of 27-tan masses of

foviae of sand in such quantities, and so quickly, as to extend the line of shore as far as the-
extremities of any groynes thab msy be threwn out frem it, within 8 moderate time, Even'’

shauld such a contihgency oceur in course of Liwe, he bas no doubt bup that it could be met,
and i consequences effectually dealt with, '

The eouclusion arrived at by the Break-water Committee is that the ivevitable result of
‘the. econstraction of a’ closed harhour omMr. Parkes’ plan wonld be (he cventual extension of
thie beach and the complete closure of the harbour mouth, followed in course of time by the
ghoaling up of the barbour itself. Mr. Reborison, equally with Mr. Parkes, doubts the

see of | sandwcarrying eurrents capable of afleeting the question of eitber deseription of
work: hat he prefors a break-water, md states that if a closed harbour be comatructed, ite
mouth will have to be defended by a break-water. ‘

acting a8 groynes, caunsing accamulation on oua side and erosion of beach on

ocean swell.

Mr. Parkes’ note on the formation of a harbour at  Modras deulqmt.h tv‘roflepg;-u:te

iltes ut which the Jower portion of the break.water could =
¥

: tht;" there is.action of current and surf combined of a very decided nature slong the * .
:,.jﬁ*ﬂ,‘ﬁﬁ 0o one who kuows the place can doubt. 'The offect of tho vessels wrecked iu -
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the other, has been manifest to the latest residents. It is, moreover, known that the effect of
groynes thrown out with that view in front of Fort St. George has been te reclaim from the
sea a sufficient width of beach whereon to form a broad roadway. But it is also known that
such a reclamation takes up.only & small portion of what was formerly dry land extending
considerably to seaward of the Fort. -
That there are considerable forces in existence acting on the sand cannot, therefore, be .
doubted, but the precise naturc of their action has not been systematically noted, so that

* practical deductions may be drawn therefrom. It is very desirable that any Harbour Engineer

who may he consulted as to the design and execution of a harbour at Madras, should reside there
throughout a season to watch the effects of the chianges of the monsoon currents, as well as to
obtain information as to the cost of materials, carriage, and labour.

.+ Should an open break-water eventually be determined on, it would be desirable that the

" “gconomy of construction advocated by Mr, Parkes should be availed of to add to its length and

place it in-deeper water, rather than simply to reduce its cost. Should a closed “harboyr
be finally approve® of, it is probable that its shape will take that of two groynes projected into
6 fathoms water, headed by, but not connected with, a break-water in seven fathoms or more,
8o’ that. there shull be two openings, north and south, not exposed to the direct action of the

\

"

A further nietﬁprahdgm by CoLorer a. W. Warkeg, R.E, Chief Engineer, Public Worke Department, Govt.
! of Madras, on Mr. Parkee’” yropossd Harbour at Madras,—dated 26th Navember 1678.
ke 1

- The plan of a harbour at Madras now submitted by Mr. Parkes is, as stated in ‘

his report, substantially the same as that submitted by him in August 1872, and recorded

with G. O. No, 830 of 174h March 1873. That plan is of a close harbour to be formed by

| two jetties run out from the shore 500 yards north and south respectively of the present pier,

to lengths of 1,200 4ards, or into 74 fathoms watér ; when they would be turned to meet one
“another, all but a space of 150 yards would he left for the entrance of ships,. The method of
construction to be similar to that adopted in the Kurrachee Harbour ; and the cost £565,600,
as against 1} million sterling, the estimate for a break-water. . .

2. Considering that this latter amount, in the opinion of the mercantile commuuity at
Madras, caunot possibly be raised without increasing the burthen of the port to an extent that
would more than counterbalance any benefits that-might be derived ; and considering that in

“poragraph 40 of their report the Break-water Committee themselves do not hesilate to

agknowledge their preference for an enclosed harbour, provided it were secure from the danger

-~ of shoaling up, Mr. Parkes’ scheme has claims to epecial consideration both on finaneia! and

engineering grounds. - : ‘
- 8. Mr. Robertson, in his report, wag of opinion that ‘ there may be as much, if not more,

. danger /from shoaling in thy case of a break-water, as of an enolesed harbour,” but evidently
. dops:net believe in littoral cufrents of such velocity as to be capable of transporting such large
- queptities of sand as conld piactically endunger cither work, although he desires further inform-
. ation on the subject of ths gurrents and motion of sand.

"4, Tn my mereorandumy of the 8th May 1872, on Mr. Robertsor’s report, I'have stated my

: diifsbelief':of_, any sufficient artion of current snd sand to affect either work ; believing the true
- " objection t0 a close hgrbouy to be the nantical one of difficult entrance. The same opinions are
. stuted in a Jutter b Ghy/Mastur Attendant of Madrss, recorded with G O. No. 1447 of 29th

~* for India, No. 831 £ 17th March 1873, I stated it to be probable that on nautical grounds the

May 1873,  And: i%thofmemomndum which accompanied the letier to the Secretary of State

water, ‘héadeéd by, but not “bonnec{:ejiﬂ‘;wihh, a break-water in 7 fathoms oremore, 80 that there
should be two openings for facility of ingress, and egress, not exposed to direct action of the
ocean swell, ' :

. 5. In his {émark‘s printed with Mr. Parkes’ lettor of 29th September 1873, Sir Arthur

shape to 'be takc;?.by a ¢tlose harbour should be that of two jetties projected into 8 fathoms

= Cotton distincfly repndiates the ides of either a close harbour er break-water as proposed being
- aver practically inconvapienced by shoaling up of sand. ‘And he comes to the conclusion

suggested Ly myself that, if two perpendicular jetfies are used for construction of a closed

' harbour, their ends should not be joined, but soversd with a break-water parallel to the shore,
*  leaving two openings norfh and soith, ensy of access and sheltered from the swell. - '

6. Tn paragryphs 56 to 82 of Mr. Parkes’ report are disoussed the comparative advantages
,of ona.or two entrances. He chows that the danger apprehended from beavy seas rolling in
‘directly through a single castern entranee have been oxaggerated from ignorance of the extent

%0 avhich such seas breome reduced as they spread over the still-water basin ; and he cluims for
~* bis single entrance loss of only half the mooring ground that has to be kept clear for ships to
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.bring up in. But he hardly states the case fairly as regards two entrances north'and south,
beyond which the break-water should project to an extent which would completely debar the
admission of any sea. At the same time a double entrance and detached break-water would
greatly incregse the diﬁicu'lty and expense of carrying out the work on Mr, Parkes’ system,
and if nautical men are satisfled as to the facility of ingress and egress by a single harbour
mouth, it will be much more convenient to adhere to Mr. Parkes’ design. AP
7. The use of laterite of the best-quality in large blocks, for the rubble bases of his piers,

4 fathoms Lelow the surface of the ses, appears to bd tinobjectionable ; but it is doubtful
whether he has sufficiently considered the details of that portion of the work which he proposes
to construct entirely of laterite rubble from the shore into 4 fathoms water, through the
surf. ' .

. 8 The services of Mr. Parkes having been secured, by agreement with the Secretary of
State for India, for 12 months after his return to England, in ¢onneetion with this work, can
best be utilized by requiring him to submit his design to the most competent nautical authori-
#8es at home for decision as to the entrance to be adopted, and his estiffate to. competent
contractors, with whom he might be allowed to arrange for the execution of the work in the
shape finally determined on.

Letter from the Hox'sik A. F. Browws, Chairman of the Chawber of Commerce, Madras, to the Secretary to
the Government of Madras, in the Public Works Department, communicating remarks on Mr. Parkes'
schemne for o close arbour,—dated 7th November 1873. .

The Secretary of State having deputed Mr. Parkes, C.E., to visit Madras to report on the
means of providing harbour accommodation at this port, the Chamber .have gladly uvailed
themselves of this opportunity to again take this important question into consideration. ~

' 2, Mr. Parkes at once most courteously placed himself in commaunication with members of

the Chamber, and was good enough to attend a special meeting at the Chambers’ rooms, and ,

expla,iri in detail his plans for providiug a harbour for Madms. , v »

8. M. Parkes is in favour of a closel harbour as.opposed to the scheme of a break-water
proposed by Colonel Orr’s Committee in 1869, and without' expressing any opinion on the

‘engineering questions which the partisane of these respective projects have usually raised, the

Chamber have no hesitation 'in saying that, on financial grounds, M. Parkes’ scheme commends

itself to their judgment above all others that have. been brought, under their noticy. The

Chaniber may also remark that the information furnished by, Mr.. ‘w.keﬁ,‘ as to ‘hl.aa‘ accumola-

tion pf sand at Port Said and other break-waters on sandy beaches, would seem to"satisfactorily

dispose of the silt question, which has proved such a diffioulty herefbfureir connection with any
harbour plans for this pert. ; : ‘

"4, Mr. Parkes proposes to run two piérs out, one 1,200 yards from the shore (the situation ' '

of the piers being 500 yards north and sonth respectively of the present serew-pile piar), and to

connect, them by a break-water running paraliel with the shore. The apace thus enclused would, i

Lie states, provide a closed harbour with smooth water, which would accommodate 17 Jarge shi ps-

at anchor in deep water, besides a number of native erafts in the shallow water near the shore.; -
The piers would be constructed of blocks.of concrete, weighing 37’@0‘13 each, and these blocks,
it is understood, would be mannfactured by . cheap. and simple process in. Madras ituelfil | °

Whether a harhour of the above dimetsions would be large enongh at all tifnag to accomman
date the shipping of the port is open to doubt. But Mr. Parkes lus expluined that in case
it should be necessary and desirablo, a any future fume, either for commereial or imwmf :
ﬁbl‘poees, to inerease the anchorage awommodatlfm, the harbour could be easily enlarged bif
mx:ming“out another pier from the shore. to -the north or SQIlth of the original hurbour, and
extending the break-water. : ‘ : e

5. Mr, Parkes rqughly estimates;tliat; the above, scheme would' cost about £565,000, asu‘n‘:)\\ :

sn moderate in comparison with the : estimated cost of the proposed breskswatér that the

i

Chamber trust that the Goyernment may now seeits way towards providing a barbour, th ¢\ B s

“ahsence of which has so long. been. an ‘obstacle in the way of the commercial prosperity of

v

Madras, and a cause of such disagters to; shipping during. tempestuous weather. Indeed, tht " .
cist of the break-waber seemed s0 excessive when contrasted with: the tvade returns of the pbrt,';\\ o

 that thie, Chamber, fearing the results of hecessarily heavy port charges to pey interest on sdelt

& work) did not hesitate, in their letter of 6th July 1872, to recommend thaf, it should ot be '

"

undertaken except as an imperial measize. The cstimated cost of Mr. Parkes” scheme, how-, .
s, does not suggest such fears, and the: Chamber are strongly of apinion that the trade of the/
PRt Whise growth, thosgh comparatively slow, is steady, fully justifies the expenditure™of| -
‘ £‘.;‘00',0{§) r £600,000 on a harbour. . The Chamber quite agree with Mr. Parkes that.se fari a8 |

: P nesrned 'b}g'q;gr-,ei‘xt obje:ct; to be : obtained. in .a closed barbour isl :ﬁhsq\g “ .
‘witer, wheteby, landing and shipping: operations may. be facilitafed |

- e

wereantile interests ave |
ostablishment of smooth

vanee of the Leach involves & greater depth of waler to be filled””  Naw, aceording
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aml a considerable saving of time and money ensured. But while the Chamber willingly
admit that the trade of the port should bear a fair share of the cost of such a work, they are of
opinion that the many considerable advautages which the Government itself would derive from
the harbour—whether as a refuge for ships in distvess, as an anchorage for men-of-war, as a
secure port for landing ab all times and seasons troops or military stores, or asa mcans of
improving the defences of the port—are an undoubted claim for a portion of its cost heing borne
by im'pe,riul funds, and doubtless in this view, which it 15 hoped will be accepted by the Govern-
meut, it will be mgiter for consideration whether Mr. Parkes” scheme ought not at first to he
enlarged, so that the harbour designed by him may be made of sufficient size to give much
more accommodation than appears to be at present mtended.

Lettor from I1. bu F. Darryyenk, Esq., Master Attendant, ta Chief Secrelary to the Governmeat of Madras,
" Marine Dept., comumnicating remarks on_the nantical bearings of the propesed new harbour at Madras,—

No.7489, dated 20tk Decembor 1873, .

I have the honour to acknowledge receipt of 'G. O., Marine, No. 306, dated 9¢th instant,
veferving Mr, Parkes’ able and interesting Report on the formation of a harbour at Madras,
for 10y opivion ou the nautical bearings of the question. "k shall notice in suecession the
};mﬂgmphs T do not eutively ugree with, or explain them aceording to my lights an the subject.

© 2. 1 beg leave to prefiee my. observatious by redording that I am very far from Yeing

inimical to any scheme for the improvement of the porf of Madras (which designation is,
strictly speaking, a misnomer for an open roadstead), but 1 am beund, as the head of the
Marine Dapartment of the Madras Presidency, to warn the Government againsy being cory-
mitted to any incomplete scheme, whieh may eventvally nvolve great additional ex v
%, In garagraph 13 of the Heporn ander review, I quote the "'olléu'iug pass

P

pense,

@ ALY
- P

t0 eur ex-
perience, as the beach advinees, of course so does the iine of surf seawarils, which sties ap the
sand, deposits i, and ihe water gradually shoals, This tbrows a different light on the
passagze quoted.

Para. 15.—It appears to me thal the onws produndi lies with tho writer of this report ;
he should name a harhonr constracted on a coast exxetly similar to that of Madvas [Coroman-
del}, in the truek of hurriessies, with a capricious swef, which s often impassable in 2 dund
calm. The capabilities of the pur't.Q)f Port Swid and Kurpackes are uot possessed by the port
of Madrus,

b, Paid, 15.—T alse submil that the circumstances of the beackh at Vizagapatam are
entivaly differant.  Sir Arthur Cotton’s groynes ave on the north side of the dhtrance of o
lmrl)m;r, in and out of which the tide flows aud ebbs ; and on the south’side a precipitous bluf,

: eallad é the Dolphin’s nose,” rises out of the sca, with vo Leach at all. "

5. Para, 19.—1 agyee with Mr. Robertson, .
6. Paras. 20 and 21.—I am constrained to differ fvom the writer regarding a break-water.
We requirc one to break the force of the sew, vot of the wind; that 13 out of the guestion,
The time or peril to shipping in the Madras roadstead is when the gale 1= dead on shore
' : aud the sen at its highest,f’ rolling 'rij__;ht
in on the land—4tlen a break-water would

be salvation to the shipping.

7. There is no dunger from heavy sea from the northward ; the trend of the coast is
' ' against itt: if u ship is uneasy, she can
4 Evidence by Colonel Orr, Chief Engineer, &c., &c., &o, g0 to sea to the southward, havisg the

befure the Bronk-water Committes :—* No ses everr rallal i o ter]
haprilig) sea ever runs pa advantage, whew gefting under weigh,

. . N . -,
Also vida Sir Arthur Cotton’s opinions on the subject. of bauling out in, comparative smooth

. water under the lee of the break-wajery ;
T Extract from Sir Art;zr;:ba(‘.‘?:ton’s remarké o Madras  pnd i g heavy sea should set in from the

*In this'respact [ think there is un advintage in the highest South\vm'(?, a ship }las O"lx to put to sea
degree in s parallel brenk-water permitting vessels both to  in a similar fashion to tie northward.

enter aud depart in all winds and in all wonthers. Y .
s . ot I do not auticipate any su e
“Yn this jmportant péint no harbour cen cathpare with a o 1P y ch necess
simple brenk-water parafial withu straight cuast, and I suppose  S1LIES.

*1 hﬁ"ﬂ‘ﬂl}l‘ﬂ green soas brasking over the T end of the pier,
which is 16 teet ubove bigh-wnter fevel.

- Madwes with such a work would b the sfest harbour in 8, Pare. 28.~This is a simple question,

ﬁu:;;lgortl‘;ﬁn:::l?&gof &::;2,: slightest, dunger fn ap- You can to a certainty secure sufficient

: ‘ o : shelter if you have the break-water long
enough, and you cam, to supply additional shelter, adopt Captain Dickinson’s - plan (or
e..uéthing like it) ; vide his evidence before the Break-water Committee, or Sir Arthur Cot-

ton’s plan.
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9. Poras. 27, 95, and 29.—The writer in giving us three distinct classes of storms with
directions of the wind on each occasion proves that only on the occasions of the gales of the
. L

* Under the lee of a Lreak.water as a ship can veer away
cable to any extent, the rise of the ses level is of no conse-
quence,

In u close harbour the risc of the ses is fatal to ships **se.
cured closely to tixed moorings.”

10, Pura. 30.~—Here the writer is, I think,

2nd class could the shipping in the
Madras roads have been in danger, and
had we during those gales had a break-
water, in all probability pot ome ship
would have been lost.* )

under a misapprehension. A cyclone of

the 2nd class is, as a rule, at its height when the wind is dead on shore from the eastward ;+

4 Then the sen is always heaviest and very tumultuous,

not at the * tail” of it, which is when it

has veered round to the sonthward, and

south-westward.

11, Paras. 41 and 42.~Tt sees to have been overlooked that to t}hose ships that cannot
]

* % To this proposed Liarbour space to be provided for only 16
. ships, secured closely to fixed moorings,

18. Paras. 44 and 45.—Tt appears by these

obtain room in the harbodr and are oblig-
ed to lie outeidef in the event of bad
weather, the piers that form the harbour
will be additional danger. ’

paragraphs that the piers proposed are to

be so low,~—only 8} feet above bigh-water level,~—~that the weather side would be exposed to the

§ This in fine weather.

sea washing over it, and that the ships will
not be * removed from the breaking ses.”§
This being the case, I should say. that

a ship would run less risk.in ah open roadstead without & break-water than if caught in

i The safety of a ship in a8 hurricane is when she has room
to veer away cable to any extent.

The Hotspur being st single anchor and able to veer away
cable rode out the hurrieane in the Csleutta river in October
1864, In previous burricane, same month, all those at fixed
moorings were eisher stranded or totally lost.

" i ¥ bave a vivid recollection of the following disaster 1—
- In May 1833, the H. C, Bhip Ddke of York during a hurr.
cane was blogwn from the Govern:ent moorings nt “new an- .
chorage,” Saugor, thrown on Lier beam edds, and in that posi-
tion driven’ on shore some 6 or 7 milea to the southward of -
Kedgeree. oo P o
When the waters subsided she was found high and dry in the -
juugle, at lenst half a mils from the water's edge, o
‘ Her tonuage was about- 1,400 tons, aml with £6 guns:
mounted, when the disaster cocurved.
"% Frtroet of Report of the Awrricane By the Marier Aftan-
¥ Tatroot of Repo da{pt,;Cawm. o L :
. T give an adequatdy fescription of the disastrous ¢ffects of
the eyclono upon the shipping is fmpossible.” . - ? )
© P ships were swept away froim their moarings kud driven
# or cast ashore in beape in she opposite side.” . ‘

14, Para. 4F .-4-1 do not understand the ‘arg

poiat of view they sre contradictory and umsound.

such a trap.]] We all know that on this
side of Iydia in a violent gale or burricane
the waters rise considerably,§ and if the
sen walls or piers of the harbour be sub-
merged; which they will be to a certain-
ty, and the ooceau rwive rolla in olean
over them, what chakee of escape would
there be for the ehipjiing eonfined within

'~ the narrow luite of this harbour ?

ISJgVitb reference to the Above, I may
refer Government to the Report of the
Caleutts Cyoclone of October 1864, on
which occasion ebips in the Hooghly, off
Calcutta,** grouped at moorings, as pro-
~posed in the Madras Harbour, were driven
fiom thers, and rolled up in henps along
the banks of the river,

uments in this paragraph; in a nautical

15. Para. 51.—Vide my forezoing remarks ot paragraph 15,

16. Para. 52~True: if o ship hes s fair wind, rocm enough, and the gale hot u;tnally' )

upon her. '

“to the opinions of Sir ‘A. Cotton, Colonel Orr, and the lgte Colonel Carpendale, the former
'Chief Bugineer, and our present Chief Engineer and Secrefary to Government, Depavimont <
* Public Works, &e., &ec., & With reference to the last sentence regarding the infallibility.

‘: - ‘of moorings, vide paragraph 13 of this letter.

17, - Para. 53.~1In regard to thé first sé;ibencc' of this puragraph, I refer the Governmenﬁ

v 18, Para. 54,1 have never upderétood tbat‘there was the Qlightegt ongineefing dlﬁoulty
in sonstructing a close harbour here; it seems to me that nothing could be more: simple ; but

~if we sare t0 have one, it must be large ‘enough to-contain the whole shipping, and the piers’ o

. training walls must be af leas? 18 feet above high-water level, so a8 to keep the ses, when the

" waters yise in a hurricane, from breaking over them. _ "

- °19; Mig Report under notice does not touch upon;the expan;m of t‘ébfvixig ships ii nd fontﬂr .

‘ of thie harhonr, or the hire of moorings.

"4? ﬁﬂgf‘laﬁn‘-at, Mm ““Yvanvffonnerl,r great, in
presenit Nae of const, must it not follow thist the
powers ‘!!j:.mlugu@o wocliim as by qdnﬁb.&ytg to

%0, "Mhe st question I have ayoided. Timo will show who is right, aad posterity will |
g SR - benefit by the quastion being solved one"

way.or the other.t1-

2. Theg leave to obseryé thit while
* it has beenmy duly to draw the attentinc. -

2
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of Government to the dangers and diffieulties bearing on this particular scheme, having before
_recorded my opinions regarding it, I desire to state that if a close barbour be decided o ¥ wish

it every success, and all the assistance which it may be in my power to rendef towards the suc-

cessful earrying out of the work shall be heartily given, ' ,

' 22. 1t is, however, my duty to add that the harbour scheme as now proposed iz an in-
complete one,* and it is beyond doubt that
‘ S eventually it will be imperstive on Gov-

ernment to complete it by raising the piers to a height of 18 feét above high-water level, and
widening them, as already contemplated by the projector in paragraph 43 of his Report, which
alone will pearly double the cost. Besides this outlay it will be found, in the long run, that,

‘tuking into considerativm the cost of _moorings, steam-tugs, and cranest required, but not’

4 None of these applinncas are required for & break-water, mentioned, which . I estimate ab' ti')ree

i"$ 1 would rather &ban this have memly & bast harbour, the lakhs of rupees, this harbour of limited
. outer sea wull being=a continustion of the Teéad ot the ?ier. extent} will cost quite as much as a break-
; water, while it, can never be a harbour of refuge, and cannot afford the same amount of safety
: and ‘accommodation as the work proposed by the Break-water Committee in 1869.
" 23. In conclusion, I beg leave to state that no one can have appreciated more highly the
' projector’s abilities and” achievements as an engineer than I have, yet I may be permitted to
i point out thes, as his stay in Madras was ouly during a few weeks of most exceptional and
J unprecedented weather for the season -of the year, during which time, strange to say, he had
1 only one opportunity of seeing an average monsoon surf, I am of opinion that those who have
{been familiar with the place for a long series of years 'may possibly be better qualified to judge
ﬁjof the requirements of the port. As regards engiueering ditfivulties of any of the works p;).
. posed, there are none. v

* Vide piragraphs 44, 45, and 48 i the Report,

D —

~ Mewo. by Carraty A. D, Tavror, Commander, late Indian Navy, on the.Harbour for Madras,~dated 9th
. . January 1874, .

Considering Mr. Parkes’ Report as quite exhaustive of the subject, and as conclusivély de-
monstrating tbe superiority of an enclosed harbour with one eastern entrance, I might have let
the question alone. Bub when we hear that ¢ the principle of an enclosed harbour has been
objeeted to on nautical grounds,” it behoves me to explain that some nautical authorities think
Jittle of the principle of a ‘detached break-water, but expect much benefit from an enclosed
hacbour. o

2. Speaking of a breakwater, Mr, Dalrymple says, “ it is thus far a certainty—the road-
tbead inside of it cauaot silt up,” But of the enclosed harbour he says, * it must be problem.
atical,” ‘

3. I need hardly say that the break-water is the doubtfal thing, Many enclosed harbours

',mm existence, but there is not oue instance of a straight break-water lying off and paralie
" to'a stenight sandy shore. Aud I prefer the opinion of Mr. Rebertson, C.E,, that  there

may be as much, if not more, danger from shoaling in the case of a break.water as of an en-

: 'olga‘ad harbour.”

4. 1 append to this memorandum a transcript of the A"ﬂ‘mifalty Chart of Bt. Mary’s

= Idl:}hd, east coast of Mudagascar, as exhibiting a most remarkable natural break-water, behind
© -which; offithe shore abreast, the sand has for centuries been socumulating into a point, which

b \‘r"ery;‘s]ow degrees approaching the island ; and we may reasonably conclude that precisely
h lat' would ba the operation of nature behind any detached break.water iu the Madras roads.
co i be 1 repudiate the notion that on mamtical grownds there is an insuperable oljection to
such 2 fozjm o.f harbour as Mr. Parkes proposes. If any objecting seaman would patiently
examine his objections in the light of My, Parkes’ able and exhaustive Report of November
4th, 1873, be Wou!d,-l venture to think, find many of such objections granndiess.

8. Precisely similar opposition was made to the wet-dock scheme for Table Bay, Cape of

-, Good Hope. Aud even after the dooks were finished, it was the custom of some-—even nauti-

cal menr—to predict. disaster to ships enteriug the harbour. But when once a ship captain
was found bold encugh to attempt an entrance with a Jarge ship under sail, the ice was broken
and others followed to their own advantage, ‘ ' ‘

_ 7.1 h{ave no hel_sitgtion in decluring my helief that practical seamen would make no fuss
aboat entering or quitting Mr, Parkes’ harbour ; that, indeed, it presents no inferiority on that
seore - bo any form. of break-water whatever. I think that any tdeal advantages which a vessel
may have in entering or quitting the shelter of a break-water, are dependent upon:‘the con-

- tingency of an absence of any other vessels to impede the progress of the in-coming or departing

ship. Now, for such a ship Mr. Parkes provides a clear open ares, more than two cables’

- leugths across, within the mouth of thia harbour,
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= 8. I think that Mr. Parkss has conclusively demonstrated the supericrity of his proposed
enclosed harbour In every way ' . .

Fiysily.—~4n the greatler area of real shelfer afforded by his harbour in comparison with

- that which a one.mile straight break-water can affurd {ace paragraphs 20 to 22).

. Secondly.—That the break-water will not (as saggested by Mr. Robertson) for au egral

sum of movey give much more deep water shelter than a harbour (see pavagraph 22).

9. Liet as look a little at the stutement of Mr. Robertson that “ vessels enn enter and
quit more ensily from behind a break-water than throngh the oue entrance of a harbour.”.

+ 10 Firstiy—As torounding the break-water in the north-cast monsoun, November to

March—the wiod is from the sea, say, from any point between N. by E.und E. by S.—all

that a sailing vessel cau do is to aucho:- somewhere off the soutiv end.  Thence she must either

be warped further in towards the centre, or be towed to a berth by a steam-tug, A steam-tug
is preferable ; warps will wuch hinder boat traffic. ‘ T

11, It would never do to allow vessels to eunter from the north whilst thé current (as at

that scason) is running to south. At Caleutta the in-coming steamers ave wof aéfoweid to come

up above Garden lteach on a Howing tide; whilst outward-bound steamers (vr'ships with tuge)

must move out from amougst the shipping coly ou the flood stream.
‘ 12. ‘With the same wind a sailing vessel ean cumily cnter the euclosed harbour, and Jdrop
anchor just inside. Then a warp will take ber to her berth, -
18. Secondly.—~With a land wind from between N.-W. and S.-W. how could a ship with
a W. by N. or W. by S. wind (with current running to north, as between May aund Septemn-
ber) veuture to run in bekind the bread-water from the south?  How could she find room to
round-to and anchor ?  She must then anchor to the north of the break-water, and be brought
in by a steam-tug. ‘ ‘
14. With the enclosed harbour, ships arriving at the above time would anchor to leeward
(either to north or to south and wait for a tug to take them in.

15. Thirdly—With the normal  aslongshore” south winds from mid February to April.

The carrent then runs to the north, and vessels must not atiempt to euter bebind the ‘break~

water from the south, but they can only anchor to the north of it, and be towq}d‘.in .to.h:lyerth;‘;y ‘
16. The same tactics are necessary for shipe arriving under the eamd pondxﬁ@fw of .

weather at an enclosed harbour,

SRR HLUNE A
17. Fourthly.—At the commencement of a cyclone, when the wind is between vorth and’

porth-west, vessels must anchor to leewsrd of the éreak-water, and have 8 stenm-tug to thle
them-in, Tt would never do to allow them to van in from the 1:101:;}1.wa:;
thread their way amongst the shipping (see puragraph 11). And it 180 '
not be the ghos{ of a bit of shelter for tlfem near thﬁ north part of 8 t':;ealtf';&t:;;s she i ght
18. Now, if the. vessel seeking shelter could fetch to windwa i Oeaeil , cou'1d make the
bear up for the enclusad harbour on a south-west course undel' easlybs:),thf; u{;cl.mr ahout %50
entrance, and, when within if, would put the helm down and e e&‘ ﬂ e nisht .". d aud
yards to W, by N. of the north pier head. A vessel cou“';‘l °“’:" d" ;’s :h ':g l'l’ '."s dace
green lights marked the two pier heads, and if it were an Ut erstood rule 1ab & olear sp
existed. TR ' :
19. But supposing that the vessel, in t
Under the lee of the enclosed harbour the. water !
ting. 4 hawser on board from a tug) than it could possib
wind is blowing fresh from N. by W. or N. by B. :
" 20, After the evidence which Mr. Parkes has. collected as to the prevalence of northerly

he .aﬁove ‘ease, could scarcely feteh the entrance.
¢ would be smoother (for the operation of get-
ly be within the break-water when the

.

- winds at the eyclonic periods, we have govd resson for doubting any realization of Sir Arthur -

Cotton’s idea that “the break-water would leave the space behind it exposed to a ripple {rom
northerly or southierly, winds, but wof fo any swell””  Every sailor who bas anchored fot shelter
to leeward of an island (and surveyors bave more €xperience of this than others) knows that
‘hig. vessel is not exempt. from the swell that rolls in rox.md both su?es of the island causing
“berto roll, whilst the operation of landing (even along the island’s leeside) is uot sach an easy
thing after all.  Anjedeva Island near Carwar and St. George’s Islands off Goa well illustrate
‘this point. . I could cite many other instunces from my experience of the West Coast of India.
¢ 21 My Parkes has well explained in paragraph 21 that during the north-east monsoon
© the shelfered purt of the beach would only be neurthe lighurouse, iustend of upposite the busi-
' ‘mess partiof the town. ' Now, if the one-mile break-water be planted further northward to ob-
/fr"Viﬁ,f@,’ﬂiiSEmt, objegtion; thére would be no shelter at the site of the present custom-house
from the syell which rolls yp from southward during the prevalence of the south-west monsoon
-in the Bay of Bengal. ' And/here T most, heactily endorse Mr. Parkes’ remarke in paragrapk:

‘regondsrante of northerly winds sud direstion of wares.”

d at such|times and t: .
rtain thab thers wanld /.

. evived from th‘q'xﬁ valuable information on nautical ‘points.
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22, Now let me ask this question. If the area to be sheltered by the orinal one-mile
break-water of Sir A. Cotton and Mr. Robertson was not expected to suffer from any swell, why
dogs Sir Arthur now speak of anotlter form of harbonr (noticed in paragraph 5 of the memo-
randum No 75, signed by Colouel Walker, who states it as probubly a nantical requirement)

vis., < two perpendicular jetties with ends that should not be joined but covered with a break-

water parallel to the shore, leaving two openings, north and south, easy of aceess, and sheltered
from the sweil”? This modification of the éreak-waler scheme transforms it into an enclosed
karbour. But the entrance of such a harbour as this cannof je casy of aceess and at the same

- time sheltered from the swell.

. 23. Nor weuld it be convenient {o let a merchunt ship rush into the harbour aud take wup
whatever berth she likes, Her berth must be settled by tiie Port Authorities, and it will be
far move convenient that she should at first anchor outside and to Jeeward of the harbour, and
from that position be taken in by a steam-tug.

24. Now we may say that the oniy question at issue is as to the dest form for such du
enclvsed harbour. . It is currently reported that Colombo is to have a break-water, and the in.*
ference is that what engineers have recommended for that place will suit Madras equally well,
But the .term &rsak-water for Colombo is merely applied to the very same thing which
Mr. Parkes has roposed for Madras, #iz., two piers starting from distant poirts of the shore,
‘not mesting, bt leaving a space belween them of about 150 yards for the entrance of ships.

N v

. Plieve is'this' differenee that Colombo has a bay, whilst the shore line of Madras is a straight.
-+ sund, but the principle adopted for both places is identical.

© 25. Now T have to notice a statement that it is *“an imperative necessity toh
entrance protected by a break-water” A similar prediction (which events Lave completely
falsified) was made in the case of the docks at Table Bay, Cape of Good Hope, Some nautical
men considered that, even through an opening of 300 feet, a considerable swell would some- .
times roll in from the N.-E. round the other long break-water. But now the Fact is established

ave the

that exeh successive ocean-wave is completely broken against the vertical walls of the piers, and

cannot become re-uwited to make head again, and to roll into the harbour. The originul waves.
are effectually* dispersed, and in the ecase of Madras Harbour the small derivative undulations
having to spread out over two right angles, will be speedily reduced to insiguificauce, as

Mr. Parkes explains in paragravhs 60 and 61. ‘

26. As to the aecommodation which Mr. Parkes’ harbour will give us, I quite agrees with
all that gentleman says i‘n paragraphs 22, 40, and 41 of his Report. Upwards of 30 ships couidl
Le well accommodated.  Aud sailing ships daring the fine seascn——waiting (as they now do)
for many weeks before they can get a eargo—will find a pecuniary advantage in waiting out-
side in the roads. - )

27. After a consideratin of all conceivable contingencies, it seems to me that the single

| #ntrance aecording to Mr. Parkes’ plan is the best, and it must also be the most economical,
At-mny rate, the mool guestion of entrance need not delay the commencement of the two piers

from the shore, whilst Sir Arthur Cotton and Colopel Walker agree with Mr. Parkes in the
preliminury requisites of a closed harbour. ’

Ropoit by ' W. Pankng, Esq., on the formation of u harbour at Madras, dated Madras, 4th November 1873.

In accordance with instruetions given to me by the Secretary of State for India, at the
request of the Goveriment of Madras, T arrived at this place on the 29th September, and was
engaged for the five following weeks in prosecuting such personal enquiries, dbsérva,tions, and
investigations as I considered noces'sin-y to enable me to submit to ybu my conelasions as to the

»

Dbest mode of providing shelter for shipping.

2. Soarces of information.~—T have received every possible assistance from the officers of all

" the Government’ Departiments to whom T applied, from those of the Madras and Cornatic Rail-

way Compunies, aud also from several of the leading merchants of the place, and from the
Secretary ofhe Chamber of Commerce, I have also bad opportunities of eonferring with the
Commanders of several of the ships | ying in the roads at the time of my visit, and bave re-

8. Previous stady of the question. —Tt is right that I should state a$
attention had been yiven to the subject for some time previous to my
structions to report, and while in England I had the udv'autage of rcp;z_lted conferences with
Cuptain A, D. Taylor, I.N., an officer of grent experience and eminence as a Marine "Surveyor
of this coast, and also with Mr. J. J. Franklin, R.N., for many years Secretary of the Mm“iu‘
Board-of Madrag. ~» well as with other gentlemen of local experience ther in ]*J:X)glund. ¢

the outset that my
receiving official in-
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4, Invitagion to risit Madras.—As a result of the information thus obtained, T felt myse\l‘

justified in subwitling to His Excellency the Governor of Madias, in August 1872, some
remarks, iu whith I called in question the correctness of certain conclusions which had them

recentiy been laid before the Government and were under ite consideration. It was, 1 believe
in consequence of this that I wne inviled to undertake a personal investigation of the whole

guestion on the spot.  In doing this, however, I have subjected all my previons conelusions o -
the most rigid tests, and thongh those which 1 have now to enbmit arc substantially the same,
vet [ am enabled to buse them on information locally obtained, and I can put forward my .
recommendations in o more complete form, and my estimates of cost and of results to be ob- ::
tained with grealer eoufidence. B
5. Blackwood’s Hartour and inland docks—1 have not thought it necessary to devote mueh :
time to considering the details of two proposals which, in former times, have met with sogh
support, becanse it bad appeared to roe that neither was caleulated to effect the objeot in view
Phiese are, first, the removal of the trade of Madras to some Joeality, anch as Biuckwaod’s Har':
ebour, more favoured by nature ; and, ¥econd, the formation of inland docks and basins, :
6. Break-water and ctoae [larbour —The two proposals between whioh the choice now lies .
are, first, a breakwater entirely detached from the shore, and parallel to it; and second,d
harbowur formed by piers running out from the shore into deep water, and termed a ““olose
harbour.” ,
7. The former of these aystema is advoeated from two totally different and indcpendent
points of view, und, 5o far as I nm aware, no one (unless the Master- Attendant, whose recorded
opinion 1 shall presently quote at length, be an exception) ndvocates it on both grounda, o
8. Break-waler Committee ~The Committee appointed by Goverament in 1863 known a¥ -
the Break-water Committee, reported in January 1864 as follows, paragraph 40 :—1If it were.
possible to conetruct un enclosed harbour, which should be secure from the danger of shoaling , ’3
up, we should vot hesitate to recommend it in preference to a break-wator, It would be ,
greatly superior, to the latter in every respect. The piers would be constructed frt:m the ’ho"_"l,‘,_‘;;j'
and at far lass expense, in proportion to the mnterial usefi, f:htm the breok.water. The acoommgf;ﬁg
dation for ehippiug and the facilities for landing and shipping cargo would be k@“’“d)’ superior
to those afforded in an open harbour. But we consider that wll thess advantages would be TeR-.
: : bich would gertainly result from the comns
dered nugatory by the sbonliug of the harbeur, w 1 we are strongly of opinion that &
struction of auy solid pices o groynes from the shore ; and weare gly :
Yrenk-water ia the one work from which any ret

1 improvement is to be hoped.” Such is the a3
iew ' s for the brenk-water system. " o
vwa l;l:) § g;e:::: (:E.;"lix".o;bu:l::rtson, Harbour Engineer for India, says (Reports, first series;

i ' ittes, bus from entirely different ]
2) 1=t hhe same conclusion as the Committee, m entirely di
r',. o 1 {1 hnvehcome ‘: t)t‘:here may be ag much, if not more, danger from shoaling in the
cnso o Kwnter a8 of at taking all the circumstances connected

J » d hatbour; b
cnse df a break-water as of an enclose ; Tl t
with Madras into cousideration, 8 break-water appears to me to be preferable to an encloged

harbour.  For an equal sum of money it will give much more deep water ;;helter :h;m : hn;.
Sour ; it will create a cousiderable length of sufficiently smooth water at the ?lom;‘ . boh? (;
able boats to Jand or to come to jetties, and vrsaelslcarl; eucir and quit more easily from behin
a break-water than through e entrance of a harboul. . . :

Thuse, in Mr. Robertgs‘onfzwv(i):w, the shonling oljectiou would, if vahld, be equally fat:;li t[:
gither system ; but his opinion ns to its validity, though not expressed, is, I cannot but thin
very clearly implied to Le in the negative. .

10. Sir Arthur Cotton.—~Sir Arthur Cotton, in the able and suggestive paper .he gave m'e
before I left England, and which the Government ut my request hus printed and distributed; 18

less reticent. Ho argues {rom facts within his own experience that the alougshore movement of .
sand is not sufficient to interfere with the success of an enclosed harbonr, but he prefers the

brenk-water on grounds very similar to those expressed by Mr. Robertson, being nmainly of &
pautical character. Similar views are, T believe, held by others whose opinions are entitled to
every consideration. \

11. Fear of shoaling groundless.—1I agree with Sir Arthur Cotton that the feawof shoaling,
either in the cuse of a break-wuter or of an euclosed harbour, ie groundless, and I agree with
the Break.waoter Committee in their opinion ss to the superior advantages of an enclosed
harbour. - . ; :
7 ddvantages of break-water exaggerated,—~T lurther think that hoth clasees of advocates of
the break-water have wuch over estimated the advantagés to be derived from it. I have now
to give my' ressons for these sonclusions.

C 1%, Grounds of fear as to thoaling not definit soan .~~Fir . HOD
The Break-water Cfxﬁmithec and the ;ofmii:l if{c:::.}; F}llm’ M-t‘.’ the fear of shoahng.“‘
‘ : ‘ y whose opinica they sppear to have
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een maioly influenced, Colonel (now Mujor-General) C. A. Orr, R.E., have expressed their
onclusions upon this point in the most emphatic and sonfident terms. But in searching for
he grounds of these conclusions one cannot but be struek with the comparatively hesitating
nd indefinite terms in which those grounds are expressed.  The Comunittee, in their remarks
m Mr. Fraser’s project for a close harbour, say i(— We consider that there is strong reason
0 conclude that if a beach is extended a hundred yards by means of groyues, it might be
extended a hundred yards further by continuing the provess, and in each casc a new line of
seach being formad precisely similar to the oripinal beach, there would appear to be wothing to
prevent the shore being extended to any amonut that might be desived.” i

13. Colonel*Orr.~—Colonel Orr passes over the watter very lightly in his evidence ; but
in & memorandum by him appended to the report, he says :— It is evident to all who have
had opportunities of studying the eircumstances of the Madras beach, that any obstruction
pppused to the ourrents must necessarily have the effect of arresting the passage of the sand
which 18 in constant movement by the combined action of the surf and those currents, and of
causing it to accumulate to windward of the obstacle. The accnmulation would at first form,
merely an extension of the beach seaward in the angles between the training walls and the
shore ; but it would ultimately, I have no doubt, carry the line of the coast to the outer end of
those walls, and close the entrance between them.”

4. Period required jfor advance of coast line not estimated.~The naiural process is, T
beliova, correctly described by Colonel Orr, but evidently the practieal couclusion depends
upon the meaoing we are to attach to the indefinite term “ultimately.” Docs this refer to a
future titme to be reckoned by years, by generatious, or by centuries? T presume that neither
the Committee nor Colonel Orr ean have mcant to assert that the second handred yards would
accumulate as fast as the first, the third as the second, and so on. They canuot have failed to
take into consideration that every hundred yards of advance of the heach iavalves a greater
depth of water to be filled, and a greater Jength of eoust to be covered by the triangular acen-
mulation, and consequently a slower rate of advance for every successive hundved yards. But
evidently they can have made vo attempt to form even an approxirate estimate of the decreas-
ing rate of advance,

15. Rute of advance decreasing.—~I might quote many instances of groynes, piers, and other
obstructions carried out from sandy beaches similar to that at Madras, in which the rate of
advance has been rapid at first, but in a few years so slow as to place the ultimate extension of
the sand to the head of the obstacle in so distant a future as to reuder it practically no element
in the question. 1t might be urged with respect to any one instance that the circumstances
are different to that of Madeas, but the cases are now so numerous as to throw the omus
probandi on those who assert that Mnadras is an exceplional case. In some of the cases there
were predictions of the same uature and as positive as those given io regard to Madras, but
in every instance they have been signally falsified. There are pleaty of instaunces of small
groynes being buried and small harbour eutrances being choked by sand driven along the
beach as Colenel Orr describes ; but io every ense in which piers on a large scale have been
oarried out, the advauce of sand has been left far behind. I spent much time before I left
‘Bogland in investigating the history of all the cases of which I could find any record, and
satisfied myself that the general rule is as above stated, and that Madras might legitimately
be concluded to be subject to the same rule, unless reason could be shown for its being an

“‘exeeption.

- 16, Sir Arthur Cotlon's experience. —Upon this point the evidence of 8Sir Arthur Cotton 1s
of the highest value. He had constructed groynes on the beach at Vizagapatam, and had
carefully watched and recorded their effects. Those effects were of the same character as T
have described above, and Sir Arthur had subsequently an opportunity, while Chief Engineer
at Madras, of comparing the circumstances of that beach with those of Vizagapatam, [le saw
no ground for supposing them to be materially different, and unhesitatingly applied his Vizaga-
patam experience to the case of Madras,

17. Records of effect of groynes.—~Simee my arrival at Madras, I have gone a step further.
T have searched the whole of the records in the Office of the Chief Eugineer in connection with

~the accumulation of sand by the groynes constructed some years ago. I found it reported

that when the groynes were short. the spaces between were quickly filled with sand, but when they
werg_longer, one season was not sufficient for the accamulation. On oue occasion, in 1857, an .
estimate was made by Captain Rawling, the Engineer in charge of the groynes, of the quantity
of snnd accumulated in a season by the groynes in front of the-fort, and by that opposite the
light-house, and those opposite Messts. Arbuthnot’s and the Custom House. The area was

.in the aggregate 224 acres, and the depth 3 to 4 feet, and tha spaces were not filled. Taking
this, therefore, as o measure of the quantity of sand which could be arrested in one year, 1

G
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found that in order to fill in a triangnlar ares of similar form betsween the coast and a pier  .

extending 1,200 yards from shore, a period of 130 years would be required.

18. Kzperiénce of other places—This result, though of course only approximate, is so
completely in accordunce with the experience of other places as to remove all doubt that the
accumulation of sand ut Madras will not be so rapid as to cause any practical iuconvevience to
a harbour formed by picrs running out from the shore. I may meuntion threc cases in which
definite results bave been obtained :—at the harbour of Great Yarmouth, on the east coast
of England, exposed to a drift of sand from the northward, the drift was arrested for forty
years by a pier less than 200 feet long; at the port of Bayoune in France, situated at the -
southern extremity of a line of several hundred miles of sandy coast, exposed to the heavy
north-westerly seas of the Bay of Biscay, works constructed just within the shore line 800
years ago are now 1,200 yards inland; at Port Said, exposed to a constant drift from the
westward, the experience of ten years furnishes data, according to the Admiralty Chart of
1870, for the conclusion that 150 years will elapse before the wave-driven dand can pass the
«picr head, which-is now 2,200 yards seaward of the present coast line. :

19. Supposed advantages of break-water.~1 stated in paragraph 11 that I considered the
advocates of the break.water had over-estimated the advantages to be derived from it. "This
conclusion is not based on the examinativn of any definite cstimate of such advantages, for’
none such have been put on record, but rather from the statements of existing evils which it ia.
assumed the break-water would remedy. The pearcst approach to an estimate is that given
by Mr. Robertson and quoted in paragruph 9, nis., that it would give more deep-water shelter
than an euclosed harbour of the sume cost, and that it would create a considerable length of
sufficiently smooth water at the coast line. Sir Arthur Cotton considers that *the break-wate¥
would leave the space behind it ¢xposed to a ripple from northerly or southerly winds, buk
not (o ang swell.” -

20. Want of data for estimating effsct of break-water.~These are certainly very vague
estimates on which to base a recomwendation for so large an expenditure, but that they are
not more precise is dus to the fact that thero exists no experience, and even no theory on which
such an estimate could be based. Mr. Thomas Stevensun, in his valuable treatise ou harbours,
states that he hae ““been unable to find that & sin gle observation or experiment of any kind
has been made upon the subject.” "That there will be some shelter behind o break-water lying
parallel, or nearly &0, to the ridges of adlvancing waves, we eaanet doubt ; but there are abisolutely
no means of judging better than the merest gnesses to what extent the defiéotad wavies will roll
in throuih the wide spaces at eithor ond, and what length of broak.water would be necessary
to prevent thom from meeting in the space between it and the shore,’ and creating cross
and confused seas more troublesome to ships, and more dangerous to boats, than the. regular
gwell of the ocenn. Ware the length of break-water ingufficient to. allow the wares entering
from cither end to spend thomsclves, and leave s spaco be.tween, n t.,hat 3pace ﬂwre will by
complete shelter. Whethey the length of 2,000 yarnlfz ia or 18 not sulh.m(?nt: for .1 l.us purpose, I
cannot say positively. 1f 1 were to hazard » guess, it would bo th‘?" it s insutlicient,

21. bircclion of Seas.—So far [ have assumed that the seas will advanco upon the break-
water from that direction which gives it the greatest advantage, tha.t is, gt right ungles or
« broadside on,” or in the case of Mudras from the eastward. But it is ovident that to gisea

" getting from the northward or the southward the break-water would be ‘““e¢ndon,” and of no
use whatever. Prolably no great force of sea ever comos from these quarters, but I om

intormed that during the north-cast monsoon the waves, though breaking nearly parallel to
the shore, have at the distance at which it is proposed to place the brewk-water,a direction
much nearer to that of the wind which raised them, and would therefore strike the break-water
very obliquely. This wonld reduce the width of the sheltercd area, and the sheltered part of
the beach would be somewhere near the light-house instead of opposita the business part of
the town. A work which would offer so little protection during the annual foul weather
season would not do much for the port.

' 22... Comparative sheller gf Break-water ond closed Harbour.—From what I have said of

the uncertain character of the shelter to be obtained from a break-water such as proposed, it

will be ensily understood that I cannot bring to any definite test Mr. Robertsori’s opinion’ that.

it would provide more deep water shelter than a closed harbour of the same cost. I will,

‘however, for the moment assume that the shelter would be as complete as its advocates :ﬁwﬂ
aystem

e to think. On such an assumption the number of ships that could be moored on the sqme
- +'wopld be abons equal in the two cases, On the most favourable assumption tia break-water:
- will not therefore give the superior ascommodation claimed for it. . "

L 88 ‘MQ‘:;#‘H"'"‘MM.Q.-—S& Arthur. Cotton says that this question of shelter for ublp- v
g Je pot ‘to be settled by what happens in a hurricane. In this I quite sgree, I M;

-
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whethar any plan would give absolute immunity from danger during such exeeptional times,
still it is desirable to ascertain precisely what are the dangers to which shipping are exposed
at such times, and what will be the effect of works intended for their protectiot in more ordi-
nary times, :

24. Description of Hurricanes —1 think, with this view, it may not bhe without use for me
to present, in a more definite form than is ordivarily accessible, the leading features of the
hurricanes which oceasionally visit Madras, It does not fall to the lot of many persons to be
eye-witnesses of more than one or two of these severe storms, and this partial experience is
apt to lead, either, on the onme hand, to a too hasty generalization, or, on'the oth_ef', to
an equally hasty conclusion that the phenomena manifested are .incapable of being definitely
clapsified, ‘

26, Observalory records.—To enable e to do this I have been favoured by Mr. Pogson
with not only a sight of the very complete meteorolugical records of the Government Observa-

" tory, but also with his personal assistance in extracting from them the leading féatures of the

_geveral storms which have occurred since 1787, a period of over threc-quarters of\a céntury. .
R6. Thres classes of Hurricanes.—I give in an Appendix the extracts which ise made, and
I now submit the general conclusion to be drawn from that statement. A very little study
of it will'show that the storms may be divided inte three distinct classes, and the generally
accepted theory of revolving storms or cycloves, identifies these classes as those in which the

_eentre of the storm passes respectively over Madras, or south, or north of it.

‘ Q7. First class——central.—Btorms of the first class occurred in October 1797, May 1811
October 1818, and October 1886. Iu all these cases the wind commenced at or near north,
blew for some hours with great force, then there was a lull of half an hour or less, and then
it blew again with equal violence from the smﬁx. In no case, except perhaps in 1811, as to
Jthe particulars of which there appears to be s®he doubt, did the wind come at any time from
the eastward. \

28. Second class—Centre south of Madras —Storms of the second class, centre south of
Madras, occurred, in December 1807, November 1846, November 1848, May 1850, November
1864, Noveinber 1865, and May 1872, Iv each of these seven cases the same eouvse wae fol-
Jowed, the wind rose at about north, then gradually increasing in foree it veered towards eust,
maintaining its forece.  Afier passing east it gradually fell, and by the time it arrived at south
was either very lrhf or merged in the ordinary periodical wind. :

99, Third class—Centre north of Madras.—Storms of the {hird class, centre north to
Madras, occurred in November 1787, May 1788, March 1820, May 1820, May 1827, May 1841,
May 1843, October 1546, May 1851, and November 1856. In these ten cases the courses of the
wind were much less regular than i the twe preceding classes, 1t kept rapi‘dly shifting aboeut
with apparcus irvegularity through the westers half of the cotmpass, uever during the height of
thie storm being in the rasfern half, except on one remarkable occasion (Dctober 1844), and
perhaps ouc of two other of the earlier unes, when it made a rapid circuit of the whole compass
round by west, north, esst, and south.

80, Swmmary.~Tt thus appears that in only one out of the three classes (with the one excep-
“tion just noted) did the wind blow from the east, in only one from the south with any foree,
‘but in all from the morth. I may add that strong winds gever blow from the vastward at

Maodras excopt at the tails of the oue class of cyclones, i

" 8Y. Pregonderancs of northerly winds—Liirection o waves —This statement shows that in .
extraordinary as well as in ordinary weather there is a great preponderance of strohg northerly
wind, During ordinary times it is the north-north-east wind of November and December
alone, or rather the sea raised by it, which interferes in any serious degrée with the trade of
the port as carried on on the present rude system. It is of course frem the waves rather than
from the wind that shelter is required, and these no doubt in the gradually shoaling water ad-
vance from a more easterly quarter, but the assumption that they come from a direction nearly
at right angles with the proposed break-water is wou borne out by the information I have
recsived. If the question between s break-water and an enclosed harbour depended upon ihis,
it cught to be made the subjeet of more systemalic observation before assigning any. precise
_weight to the argument, but [ have no hesitation in saying that a roadstead exposed to the
most prevalent und strongest wind, even irrespective of the direction of the heaviest 3eas,

: " cannot be considered to be effectually sheltered.

32. Having now shown that the only’ objection to an enclosed barbour which has heen

- put forward as fatal, is groundless, and that the advhutages to be derived from a break-water

are very uncertain as to their extent, and on the most favourable ussumption very insomplote,

- #t ouly remains for me to describe the work which I consider most suitable to the locality and

‘the cireumstances. \ A ¢ 1
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38. Principles on whick design is hased.—In determining upon the seale of my design, I
have endeavoured to keep in view the following prineiples: first, that it should be sufficient
for, but not in efcess of, the preseut requirements of the trade ; second, that it should be cap-
able of extension if it should become necessary to provide for an imerease of trade, or grenter
accommodation for shipping; and, third, that the outlay upon it should not render necessary ine
creased expenses in the trade of the port, so as to enhance the cost of gaods exported or im-
ported, or throw any permanent burden on general or local revenues. .

34. Whether this last condition is absolutely necessary it is not for me to say, but if {t
can be fulfilled it is undoubtedly a desiruble one, as it would render the undertaking at least
sclf-supporting, if not pecuniarily profitable.

85, Source ¢of Revenue.—~The source to which 1 look for revenue to piy interest on the
necessary outlay is the appropriation of the saving which may undoubtedly be effected upon

the expenses to which the trade is exposed by the present rude system of landing and shipping -

cargoes.  This is not only very costly in itself, but it subjects the cargoes to huch damage in
sheir passage between the ship and the shore ; and by the slowness, awkwardness, and uucertain-
ty of the operation, causes great detention of the ships. The removal of all these evils may be
represented by a mouey value which may in seme form or other be carried to the credit of &
harbour revenue.

86. Present systom very expensive.—~In what particalar form the charge ehould be levied is -

for the present an immaterial question. L am now only coucerned to show that such a saving
is possible, and that it would be on a scale commensurate with the required Jnterest on the

capital to be sunk. Tu proof of this I would refer to the accompanying tabls which shows the -

comparative cost by official taritf of landing and shipping cargo at Mudras as an open road-

stead, and at Kurrachee a smooth-water harbourg Thoe charges for lightering to and from the

roads outside the harbour at Kurrachee (now ho®ver never incurred) are given to show their
general coineideuce with the Madrus churges under similar conditions.

Comparison of the Cost of Landing and Shioping Cirgs ot Madras ani st Kxrraches from
Official Tariffs.

B T — o I PSR ———
Manzaa, KUusRacnxs,
Fair Weather.® Harbour. Roads. ,
. Imports, R a p. R o p. R & »
Piace goods per IC"‘:@;lcs . . e . 84 6 0 26 0 0 35 00
Grain per 100 bags . . . . . . . 1t 0o 4 0 0 1000
Beer ,, , hogsheads L . . . 4 4812 o 18 0 0 e 0 0O
w o bamele. . . . . . 2214 8 10 8 0 20 00
Iron ,, ton . . . . . . . . 114 O 012 0 | e .
Coal and coke per ton . . . . . 1 60 012 of -
Kzxports. ’ '
Cotton and woal per 100 balvs . . . . . 27 8 o0 1200 20 0 O
Grain per 100 bags e 1100 .:'0 0 1000
Of , ,bogshds . . . . . . .| 4512 0 12 0 0 20 00
Ghe2 ,, , dubbers «. . . . . . . 11 0 0 8 0 0 8 0.0
Hides ,, , betes . . . . . . . .| 3860 20 0.0 ©w oo
K ou p. T
* Boat ., .38 0
Polico Peon - .03 0
Tarpaulin 4 (oceasional) . ., 010

+ Exclusive of eooly hire for discharging from lightors.

87. Cost at Madras with a Harbour.—~1 believe the actual charges at Madras with a

smooth water harbour would be less than at Kurrachee, as-at the latter place the distance

for lighterage is from 2 to 3 miles, whereas at Madras it would be about half a mile; and
also the supply of skilled boatmen is more limited. I have based the Madras charges on the

‘

ikl i e
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wiff for Masula boats to the beach. The charge to the pier isless by the amount of pier due,
‘hich equalizes the cost to the trader, If the pier were enclosed i a harbour, ships would come
longside of it, and discharge direct, and so would save lightering altogether, thus giving to
he pier an advantage equal to that given to the breach-landing system. I am informed that
sme merchants have contracts with the Masnla boatman at less thau tariff rates, but, on the
ther hand, therc are frequent extra rates, so that the tarilf may be taken as a fair average,

38, Estimated amount of saving.—I believe that in assmning the saving iu landing aund
hipping operations, and other cousequent expenses, at a rupee per ton o_f:f]owls, I am under the
aark, but assuming this figure, and applying it to the lowest estimate given of the number of
ons landed and shipped last year, #iz., 2,75,000, we may rely upon a revenue derived from
avings only of £27,500. This would pay interest at 4 per cent. on £6,87,500; at 4} per cent.
o £6,11,000, and at 5 per cent. on £5,50,000.

39, Estimated cost of Works.—A harbour made according to the accompanying plan would
108t £5,65,000,including 10 per cent, for contingencies and 5 per cent. for superintendence,
:nd therefore seems to be within the resources of the tradeof the port. Itis intended to be
ormed by piers running out from the shore 500 yards north and south vespectively of the
yeesent screw-pile pier, enclosing a rectangular space of 1,000 yards long by 830 yards wide, or
170 acres, with a depth at low-water of from 8 to 7 fathoms, and consequently available for
European ships of all sizes, with a further space of aquarter of that area with a depth less thay
3 fathoms, available for boats, lighters, and native craft.

40. Accommodation in Harbonr.——~Such a harbour would contain 13 ships of various sizes,
‘rom 4,000 to 700 tons, secured clogely to fixed moorings, and able to swing, each in its own
sircle, clear of one another, also three ships alongside the pier, making 16 in all. If the ships
were mote closely moored so as to swing clear of the next ship’s mooring, but not of the eutire
sircle she would describe in swinging, the nimber would be increased threefold. This I am
myself satisfied might be done with safety, since ships would be completely cut off from the
strains and unequal disturbances of swell and current, and sacted on only by wind., But this is

rather a matter for the consideration of the Nautical authorities, and its determination is nos
urgent. . '

41, Accommodation for mazimum number not required.—Taking, however, 18 ships as the
limit of the capacity of the harbour, T am informed that more than this number has beeu in
the roads at one time on certain extranrdinary oceasions,, 1 do not think, however, that it would
be wige to incur the expense of providing for a repetition of such extraordinary contingencies.
To the first place they are not likely to oceur again unless as a consequence of a great increase of
trade, because the effeot of the increased employment of steawers 1s to facilitate the despatch of
vessels from the port and leave room for others, and this despatch will be further facilitated by
the improved system of Janding and shipping eargoes. Tu the second place, sucb a press would
only occur during the most busy season, which is alsa the fine season, when Shli‘)B would be as
eafe as they are mow outside the harbour, but would lxaye the ads'r’antage of the ‘anproved sys-
tém of lightering.to facilitate their despatch. I therefore think Fhat. the {lf]dltlon‘dl expense
which would be incurred by enlarging the harbour, so as to contain the maximum number of
ships on record, would not produce any commensurate advantage. o

42. Possible extension of accommodation.— But though [ do not think it would be wise to
incur expense in anticipation of increased trade, a policy wl.ich has of'len deffeated its own
object by crippling the immediate vesources of the port, it 18 yet of t'he highest importance to
be prepared for future extensions whenever increased trade or other circumstances may demand.
it. This has been spécially kept in view in designing both the plan of the barbonr and the
details of construction, :

43. Section of piors.—It will be seen, by reference to the gection of the picrs appended,
that they are proposed to be formed of & submerged mound of rubble stone from the natural
bottom to a depth of 22} fect below low-water. Above this.they will consist of two solid walls
of concrete blocks laid close together so as to form one wall, 24 feet wide. This is very similar
to the system followed in the case of a brenk-water lately completed at Kurrachee.

44. Not ¥n the first instance available as quay walls.~The two faces of such a pler are-of
auch a character that ships might come alongside them, bat it would be useless for them to do
8, because the width of the pier, 24 feet, is insufficient for the purposes of a quay, and that on
the weather side of the harbour would be exposed to the sea washing over it. To make the
piers available as quays in the first instance would involve an additional eost, for which I do
wot think there would be an immegjate equivalent. :

45. Quaye fo be ultimately formed.—But I look forward to this as a second step, which in
due time will be very advantageous. ‘The pier as first constructed would be a mere sheltering

_break-water. ' When the trade requires more accommodation, I propose to form another similar
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sheltering break-water at a distance of, say, 100 yards from the first, and parallel to it, as shown
by the dotted lines on the plan. The original pier would then be so far removed from the
breaking =ea that ships might lie alongside without inconveuience, and the space Letween the
two parallel piers being wholly or partially filled up, a wide quay would be formed, on which
goods might be landed and on which sheds and warehouses might be built, aud thus greatly
unproved facilities for carrying on the business of the port would be provided, Such a quay
wall would accommodate six or seven ships alongside of it in addition to those swinging at
moorings. . :

46. Further extension of works as may be required—Should the extension of trade require
still further accommodation, a second harbour similar to the first could be formed north or south,
one side being already provided by the pier and quay of the first harbour. For the present,
however, it is enough to consider the merits or demerits of such a scheme as the present trade
of the port is adequate to support.

471, Facility for enlrance and ezit of Ships.—I have already said that the principle of a
closed harbour has been objected to on nautical grounds, and the preference given to a detached
break-water, because ships can enter or quit more readily in any wind. This argument would
apply with still greater force in favour of the proposal to leavo the roadstead in its present
exposed state ; for I fear there is no getting over the objection that every obstacle to the
entrance of waves is, to a certain extent, an obstacle to the passago of ships, A ship, however,

is more easily guided than a wave, and the objection, whatever it may be worth, becomes simply -

a question of the cost of employing steam-power. It is, however, in my opinion, worth very
little.

48. Objections urged by the Master Abtendant.—In order to give the fullest prominence. to
the objectious made, on nautical grounds, to the principle of & closed harbour, and cspecially to
the special form I have adopted, I append a report by Mr. Dalrymple, the Master Attendant
of Madras, commenting on my first proposal, but in terme‘which are equally applicable to the
present :—

“I bave the honour to acknowledge receipt of the papers specified in the margin, and to offer s few remarks
on the project for the formation of a cluse harbour ut Madras. o

“2. Ishall brat deal with Mr. Parkes’ letter and his able * Note” in o nautical point of view, without
presuning to touch on the engineering phase of the quostion.

“3. In paragraph 11 of his “ Note,” he is, I think, in error in assuming that at Knrrachee thore is »
heavier sea than st Madrs. In cyclonce and galos of wind on this coust the storm-waves canunot be snrpassed.

“ & With refercuce to parugraph 21, I huave only to state that. according to our experiance and my own
porsonal observation, every groyne, which has been run out from the old sea wall, viz., the ** DoHavilland’s
Bulwark,” has carried the beach along with it, the longest groyne being about 400. feet in length, ond conse.
quently, as the shorv has gained on the sen, the line of surf has moved out in proportion ; and it is & question
yet to be solved how long this same natural action of the elements will continne as similsr works aro pushed on
seaward,

“35. In regard to paragraph 83, I cannot see that the position of Port Said and ita natura! advantages added
to the Suez Canul are at all analogous to those of Madrss, whick aro simply #il; the atlraction of thy latler
port being ita cheapness and easiness of access, it being an open roadstead. ‘

* 6. I conour with Captain Taylor in some of his npinions ; yet my own opioion is this that, if we are to
have a gigantic work for the protoetion of the shipping, a broak.water is the beat. 1tia thus far a certainty—the
roadstead. inside of it canuot silt up, and it will be a protection from the hesvy break of the sea in & gale, when
the wind is dead on shore, which is the time of peril to shipping. ° ' -

“7. The success of an enclosed harbour is supposed by wambers to be an impossibility ; at ull events, it
must be problematical. ‘

“8. 1 may also remark that daring a gale, while a ship could ran in nnder the lec of a break-water for
shelter from the Aeavy sea, she could not run into such & harbour as that proposed by Mr. Parkes.

“9, With reference {0 memorandum by the Chief Engineer aud his letter to the Head of the Marine
Department, dated 5th April 1878, No, 128, I entircly agree with his views on the subject. 1f thure is tobe &
barbour, it will be an imperative nacessity to hnve the entrance protected by a break-water; otherwise in a gale
the heavy sea will rol! in, aird the ships in that eonfined space will grind each other to pieces, being in a moch
worse position than in an open roadstead. ' d

#10. T also entirely ugrpe with the Chief Eugineer regarding the naturs and extent of our littaral currenls

‘and in his judivious recommendation that Mr. Parkes should reside in Madras for a year or wo to watch the
: currents, etc. ‘ : :

“11. ¥ may romark that these aro:ab times so very strong that the boatmen will not fluat their boats unless

" the strong ourvent flag is fying at the Master Attondant’s flagstaff, which entitles thewm to double hire. I think
" this jo'pretty conolusive evidence that these currents exist.

12, With refereuce to the last parugraph of lstter referred to, in the event of a harbour being constructed,

‘ tug-steamers will. be required to tow the ships in and out of the harbour in no westher, and jt will depend on
. the apace which will be decided on for the inside area of the harbour, as to the number of ships which can be
" berthed alongride the jetties and moored head and stern in the basio. % ,

“18. In conelusion, I may observe that, while I give the preference to a break-water as & moro sujtable

. work foy this. port than sn enclosed harbour, sud while I fully admit that it would alter greatly for sho better
- character of the roadstead, it is yet to be borne in mind that, should any ccetly warks be oarried out, the interest
1 of the outlay must be provided for by an incrense of rate of port-dues ; aid ih these days of raillwsy progress,

|
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aad consequently increased facilities ¢f communication to and from ont-ports, in it not to be expected that, iu the
circumstances, 8 considerable proportion of the Madras trade would foo prebably go elsewhere P”

49, Hemarks on the Master Altendant’s Report.—With respect to paragraph 3 of the above
report, my statement of the comparative force of the sca at Kurrachee and at Madras was based
on information obtatned from persons well acquainted with both coasts ; but the principles of
my design are in no way dependent upon its heing eorrect (see paragraph 61 further on),

60. { bave already entered fully into the subjects touched upon in paragraphs 4 and 5.

51 With regard to paragraphs 6 and 7 it is remarkable that, cousidering the number of
existing close harbours in all parts of the world, the suczess of the principle shovld be deemed
problematical, while a scheme for which there is not a single precedent to be found in natare
or art,* should be pranounced certain of success. A

62, The opinion given in parugraph 8 will no doubt have its due weight. I will only state
here that it is opposed to that of every nantical man with whom I have conversed on the
eubject, and that, as a matter of fact, ships do contivually enter harbours similar to that I
have propoged in very heavy seas. % e

63. 4e to Mr. Dalrymple’s proposed break-water to shelter the entrance, T do not myself
think it would be either necessary or an improvement + and this is the opinion of most of the
competent persons with whom I have conversed on the subject; but it is a mere matter of
detail, which may best be settled by actual trial of the effect of the entrance without a break-
water. As to the ships in the harbour griuding one another to pieces, I need only refer to the
plan which shows how they would be moored, .

54. With regard to paragraphs 10 and 11, I may remark 'that I do not question any of .

the facts given me by the Master Attendant and other competent persons as to the littoral
currents. I only maintain that they do not, present any difficulty to the construction of a
harbour, or to its use when constructed. As to the nature of these currents, and as to their
having no effect whatever on the bottom outside the line of surf, I believe Mr, Dalrymple and
myself are entirely agreed. This being the case, it is difficult to see what ohject would be
gained by my spending a year or so in watching currents, %c., which are already so familiarly
known to Mr. Dalrymple and others, and, it is admitted, have little or no bearing on the
question, "

85. T eutirely agree in the principle laid down in Mr, Dalrymple’s last paragraph that an
increase of port expenses would be detrimental to the trade of Madras, but I have shown that
the plan 1 propose can be carried out without any such increase.

58, Futrance to Harbowr.—Having now stated the grounds on which I venture to think
that the objections to the general prineiple of an enclosed harbour are untenable, 1 proceed to

consider a point of detail which has been made the subject of some discussion. I allude to the

position and form of the entrance or entrances. ,

87, Comparative advanlages of one and lwo Fntrances.~The plan which I submit as being,
ib my opinion, on the whole the best has an entrance 150 yards wide, {acing east by south.
The alternative plan is to have two entrances at or near the outer angles of the harboue, The
one uudisputed advantage of this latter plan is that vessels could enter or leave by one entrance
or the other with any wind. The oue undisputed disudvantage is that, inuswuch as a
sufficient space must be kept clear in the neighbourhood of each entrance for ships to bring
up after entering the harbour, the space required for the second entimiree would be lost as

hmi‘x)’r‘ing ground.

B8, For the entrance and ezit of Steamers and Ships,—These two considerations are insepar-
able from the very priveiples of the two systems, and the respective evils cannot be averted by
any arrangement, of detail. We can only endeavour to estimate their relative value, The dis-
advan.tage of the double entrance is simply this—a sacrifice of one.fifth ov onesixth of the
capacity Pf the farbour, The disadvantage of the single entrance will beediferent fur different
classes of vessels.  For steamers, the most important class, it would be nsl. Large sailing vesscls
could enter or leave without steam power with the wind in 18 out of 82 poinis of the éompass.

- In the remaining 14 points either way a steam tug’would probably e required. Rat it must

be remembored that with an on-shore wind a large outward-bound ship would probably take a
tug to get an vfing, gnite independent of the guestion of clearing the harbour, while to an

inward-bnun.d ship, with an off-shore wind, there would be at least smooth water and goud
anchorage till she conld be towed in, '

' §9. For Native Craft~Native crafy
entrancea whenever they could bLeat off

, oulward-jound, could certainly sail out of the
the shore, and inwari-bound, with an off-shore wind,

. .I cupnob adwit the resemblance suggested by Sir Arthur Cotten between
forwmation known as “ barrier recfs” generally extending for many miles.
t See paragraphs 61 and 62 further ou,

a break-water a mile long, And the

W
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t hey eould tring up, if unuble to enter the harbour, on the more sheltered side, north or south
and either disch:lrge there or warp in at leisure. [, therefore, cannat estimate the disadvan-
tage of having only one entrance as heing of much practical im}mrlnnce Lo any class of vessel.

60. For protection from Scas with one emtrance—More _lmportanco has probably been
attached to another objection, whieh, however, 1 caunot admit a8 undisputed, vis., the danger
from heavy seas from the eastward rolling into the harbour. Those whe urge this objection
are probably not fully aware of the effect produced upon su(fh seas when t.hoy enter a harbour,
They are immediately dispersed, and the extent of redaction ts un-t, as in the cuse of an opeh
hreak-water, a matter of rpeculation, buv it is one of exact ealculation®  Caprain Biden, the
former Master Attendant, estimates the maximum beight of wave at Madias at 10 feet. Such
a wave entering the harbour would be reduced to 1 foot @ inches hefore it renched the piers or
the beach. A wave 15 feet high (the maximum measured at Kurrachee) would be reduced to
2 feet 7 inches—ncither very formidable. . .

61. With two entrances.—~Whether the two entrunces would admit move or less swell with
au easterly sea would depend on their width and form. If equally accessible to vessels as the
eastern entrance, they would, 1 bolieve, together admit mere sea, and the reduetive power of
the harbour would be less, us each wave would spread over only one right angle instead of two
right angles. .

62. Effect on Seas .from different directions.—With the north-east monsoon swell the
eastero and northern entrances would be about on a par, but the former would have more re-
ductive power. If the tranguillity of the harbour were inversely proportioned to the durstion
and force of the wind to which the entrances are respectively exposed, the casterly one would
have a mwarked advaniage over either of the others reparutely, and of course in a far greater
degree over the two togetber,t bat the easterly seas arc the heaviest and most daugerous, and
oo far to counterbalnuce this advantuge. Qu the whole, however, I am of opinivn thut the
balance of advantage i3 on the aide of the single entrance facing east by south, .

63. Detuiln of ereculion—Graxite~1 have now to offer u few explanatious as to the de- -
tails of the mode of earrying on the work. The great bulk of the material vequired i8 of .

courge stove, 1 have visited St Thomas’ Monnt and Palaveram to the scuth, and the flied
Hills, Avady, Uwbatoor, and Seetapetty on the west of Madeas, In the former direction the
material is granite, and might be bronght in any quantity by the Carnatic Railway now up
construction, mt it is so excecdingly hard that it would be very expensive to ql’lll'l’]:?“:.
would probably come out i blocks of incouveniently large size. I, thersfore, disoard this
oarco of supply. .
: 64. La;e}riZﬁ.-Ah the other places the material is Iaterite, of which the best quality would
be very suitable for those parts of the work where yreat harduess is not essentish such u; t.l-w.
curved npproaches to the piers, which 1 propose to curry over tho shifting sand near the s '0'1"’
as simple embankments of rubble stone, and fur the rubble bases of the piers thoms'elves. ' r 0
Break-water Committee vety wisely rejected the use of this material, ge in their section it
would *be exposed to the destructive action of the waves, for which it is uot suliciently haf'd.
Tn my section it will not be so exposed, and with due carv iu selection it may be used with
perfect confidence. .

85. Conveyance by Railway.—A branch from the Mudras Railway at Umbatoor, nine
wiles from Madras, running northward for about two miles, would cut thmugh an n.fnplc
supply of this material, which the Railway Company would bring to the very site of the
works. .

66. Trittany Granite for Conerele.~For the bulk of the coucrete I have estimated for

a bettor material, granite from Trittany, 50 miles from Mudras, but 1 thivk it not imgro;‘ }
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bable that even for this purpose laterite would answer, and, if so, a saving on the estimate
would be effected.

67. Beack Railway.—A line of railway would require to be laid along the beach for the
conveyance of the stone to make the curved approach to the south pier, and for the concrete
blocks for the superstructure of the pier itself, but the whole of the rubble stone for the bases
of both piers would be placed in boats (probably steam hopper barges) at the north pier, so that
after the curved approach was completed, the traffic along the beach railway would be very
limited. ‘ : :

68. Concrele-mizing Station and Stacking Ground.—There appears to be no difficulty in a
portion of the beach north of the railway station being occupied by the necessary concrete-
mixing establishment and ground for making and stacking the blocks. Branch railways would,
of course, be laid for the conveyance of materials. '

69, Time of completion.—The first operation would, of coutse, be the formation of the
curved approaches. These might be commenced immediately, and while they are in progress
the necessary plant and machinery could be collected. The actual building of the piers could *
be completéd in three years, or, say, four years from the time of the approaches being com-
menced. . ‘

70. Remarks on Estimate—The estimate of £565,000 is, I cougider, a safe one, and is
based on a fair allowance for the increase of ordinary rates which generally accompanies the
execution of so large a work. In the event, however, of the work being placed in the hands of
any other engineer, a new and entirely independent one should be framed by him, but I see no
reason why it should exceed mine,

71. Survey required.—Before any works are commenced, it is most desirable that a new
and,detniled survey of the roadstead should be made, the soundings of which should be referred
to a permanent mark on shore.. The level of mean sea should also be accurately determined,
and, where the rise and fall of tide is so small, I think the mean sea-level would be a better
datum than that of low water. The surveys on which I have based my caleulations and drawn"

my plans are rather vague, and but for the extreme simplicity of the natutal features of the -

coast would have been insufficient. I believe, however, that neither design mor estimate can
be materially affected by any possible corrections that may be made, but an exact record of the

existing state of things is imperative before works which may efféct a change in them are
cornmenced.

-

72. Conclusion.—In conclusion, T have only once more to express my acknowledgments of |

the uniform courtesy with which I have heen received by every one ith whom I have come
in contact in the prosecution of my inquiries and the readiness with which every information
and assistance has been afforded to me, If I mention no names it is: because I should not .
know where to stop.

APPENDIX.
Cyolones and other Storms at Madras recorded at the Government Observatory.

1787, 11t& Novemler, Wind at noon on 10th, N. Midnight N.-NXW, 11th, sunrise,
Centre Nortk of Medres.  N..W. NoonN.-W. Aflter sunset violent and veering all round tha
compass, 12th, sunrise, §.-8.-W. Noon 8. 13th, sunrise, calm.

Sunrise N..W. Noon N.-W. Midnight N.-W. Sth, sunrise,
W. Noon W. Midnight S.-S.-W. 9th, sunrise, 8.-8,-W. Noon
8.-8.-E. Midnight, calm. °

Began from northward, veered {o N.-E., blew with uneommon
violence three hours; about noon suddenly shifted to south, and was
almost as violent as before. .

1807, 10tk December. Began' from N., veered to southward of E. and slackened
Centre Sosth of Madrr . gmdnally-

1788, 7th May.
. Centre North of Madrng.

1767, 27tk Qdtoder.
Centre at Madras,

© 1811, 27“’ May. . Began from N., blew equally strongly from E..S.-E, and 8., but
Probably central ut Medeas. gg40i1g 1ot given. Not felt, 40 miles from Madras.
1818, 34tk Oct-fer. Began northerly, then a lull of half an hour. Then irom south
Central at Madras. with greater fury. The most violent storm then on record,
1820, 30tk March. Commenced from N.-E., veered to N, N..-W. and 8.-W.,, but at
Centro North of Madras,  last quarter gradually slackened. More violent to northward than at

Madras.
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1890, 9i% May.
Ceutre North of Ildndras.
1897, 7th HMap.

Sth
9k
Contre Nowts of Madras.

1830, 2nd December.
Centre Souch of Madras.
1836, 30:k Oztober,

Contral at Madras,

1841, 16t5 May.
Centre North of Madras.

1843, 22nd May.
Centre Noris of Madras.
1846, 20 October.
Centre North of Madras.

.

1846, 25th November.
Centre South of Madres.
1847, 13th October.

_Pare Northerly gale, not cy-
. clouic,

1848, 15t November.

Lightoentro Southof Madrns,

1850, 244 May.
Centre South of hladyau.

1851, 4th May-
Centre Norih of Madras,

1856, 20tk November.
Centre Nostk of Madras,

1864, 18tk November.
Lighteentre South of M adras.

1565, 26th November,
Centre Sowgh of Madras.

1672, 1st Moy,
Centre Sokth of Madron,

a

- 1§1hs. A

Commenced at N.-W., shifted to W. Worse than storm of Octo-
ber 1818,

Strong wind from S.-E.

Early morning strong gale from N.-E.

From sunrige strong gusts from E. to 8 till 10 a.m. when nearly
ceased. At sunset blew from W.-N.-W, and during the night a gale .
from N..W, Subsided in the morning of 10th. This storm longer
in duration, but not so heavy as preceding ones.

A stormy day, but at Cuddalore, 100 miles south of Madras, a
very violent storm. ‘ .

Vory violent. First from north, then a lull of 80 minutes, then

with increased fury from south. Much more severe than those .of
1813 and 1820 as shown by baremeter.

A gale of extraordinary violence. At 9 a.u. N.-N.-E., 10 s, to

b vot. north.  Then for an hour varying from N.-E. to N.-W. At
620 ¢.m. approaching a hurricane from N,, at 7 to 7°30 from W. $o

"N. 745 south-westerly, a violent gale. 8 to 9, 8.-W. to N.-W. and

shifting even to S. approaching a hurricane. Thence subsided re-
maining at S. to 8.-W. calm after 7 a.m. on 17th.

N. to N.-W. for 24 hours previous. From 7 a.. till 1 »ot. con-"
tinually shifting from N.-W. to’S.-W, and back.

Began at 11 a.M., wind W.-N.-W., then at 1 p.u. due W, re-

mained between W. and W.-S.-W. till 8 p.x., force increasing to

81bs.* Then back to W, rising to 18Ihs. Then rapidly veered rbt‘md':
the compass by E.and 8, till at 7 .. ou 21st, direction 8..8.-W.,
force T§lbs. Then gradually fell, direction being 8. by W.

At & pa. NE. foree 5lbs. At 7:30 E. by N preasure 26Ds.,

then instrument broke. At 7 A.M. calm due 8. ‘ -

During the day wind N.-W. and N, for 1 hour, at 845 v
changed to E. of N. then remained due N. for the rest of the gale
haviog a maximun force of 13lbs. st 6 Aa. Su?ﬁ G
returning N.-W.

Began before sunrise, N.-N.-W. undelj 5“59 A!b e N.
At 780 NoE. Gjlbs, st 4} 4 on gnd wind B. and dropped to

o4 E. by N. increasing 1l 1:80 rax,, E.-N..E,,

igh
At 10 a.x. light st B (1816s.) 8t 4 pat. dropped to 5its, S.-E.

maximum at 2 p.M. E.-S.

.b.Y i.t 11 rat. (8xd) 5fbe. N.-W. by N. At 330 ax. increasing in

W. At 580 AM. maximum force 17§1bs, direction W,
on:c; irr_ndwpped to 10Ms, S.-W., diminishing at S.-S.-W. Calm
w Sj;ﬂgan at 4 p.M., direction N.-N.-E. (bs.). At 930 v.u, N.-E.
(81bs.) steady till 2 ax. 21sb (121bs.). Then vrered northward,
maximum force 171s. At 430 oM. N, by E. Then backsto W,
N. dropped to 51bs. by 9 a.., direction N.-W, 4

At 8 paa. N. by W. (25 miles) steady till 9 p.a.  Then veered to
N.-E. by N. and N.-E., by 945. Continued to increase till at 2 r.u.
it was 28 miles per hour, and it dropped from theuce as wind veered
to the south: ,

Began on 26th at 8 a.m from N.-E. by N. speed 25 miles, then
gmdually increasing all day till at 9 ey, it was N.-E, by E. with
speed of 43 miles, Then decreased as it veered to S.-E. by 6 a.. snd
thence to south, where it dropped.

Wind northerly for two days previously, Blew steadily but with
gradually increasing force from N. to N.-N.-E, till midnight. Then .
increased rapidly up to 8 AM., being then 53 miles, direction N.-E.

NLE. s

By 9-30 veered to E. Then gradually workiog towards the south,

dropping to 14 miles at 8 .x.,, and then remaining steady in direction
and foree from §. to S.-8.-E. for several hours,

* From 1846 to 1856 the force of the wind is given in Ibs, on & square foot,” Bubsequently its velocity is given in’

miles per hour,

.

i

_great exteat the merits of the question.
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Frows Rosiy ALLew, ¥sq., Secretary to the Elder Brethren, Trinity Honse, to the Undor-Recrotary of State for
India, communicating remarks upon the Madras Harbour Project,—No, 874, dated 23r3 April 1874,

1 am directed to acknowledge the receipt of Mr, Grant Duff’s letter, dated 12th February
last, enclosing a Report by Mr. W. Parkes, Civil Engineer, with other papers, on the subject
of a projected harbour at Madras, and requesting an expression of the opinion of the Elder
Brethren of Mr. Parkes’ proposal, and ¥ am to state that the Elder Brethren regret so much
time lins clapsed since the date of Mr. Grant Duff’s letter, but that so many other matters
have occapied their attention that they have not been able to give earlier consideration to it.
They mow direct me to state that the quastion appears to be one rather for eminent engineers
acquainted with foreshores, and the a,(; . of the sea and tide thereon, than for the Elder
Brethron, but that, so far as their opinitg %l practical seamen is of value, they have much
pleasure in offering the following obsgr¥ations, particularly as many of them are well
acquainted with the port from visiting it .periods of the year, and although some time
has elapsed since any of them were there,iz::;\‘i' peculiarities are fresh in their memories, and
they do not gather from the report that any great changes have taken place. )

The main point in the report of the engineer is that a close harbour would be preferable

_to the break-water formerly suggested, npon which I am to state that the opinion of the
~ Elder Brethren would bo in favour of the break.water, provided the expense would not be

greater than that of making a harbour, It seems to them that a break.-water would shelter u
larger amount of shipping, and that, if the various quays of the proposed harbour’ (abuut
9,000 feet in llength) were combined into one as a break-water, with extremitics curved in-
wards towards the shore, & larger and safer area of protection would be given, and that,
moreover, there would be the decided advantage of having an opening seaward at hoth ends,
allowing ships to get away by the leeward passage, and that, if placed exactly parallel with
the shore, it would probably alford such shelter as would obviate the necessity of ships going
to sea without ballast in the face of bad weather coming on, as is now often the oase, anﬁ
give in other respects safe landing for passengers and cargo. A ‘

The Elder Brethren are also of opinion that the seaward portion of the harbour, as
ghown on the plan, would not be free from a dangerous surf outside the entrance, involving
considerable risk to vessels entering or leaving, it being well known that at certain periods of
the north-east monsoon the actual surf extends a very long way seaward, while, during the
prevalence of cyclones, the contemplated elevations would pot, as it seems to them, be suffi-
cient to protect vessels inside from the effects of the fury of wind and sea. '

Tn conclusion, I am to state that, althongh it is a wmatter which scarcely comes within
the scope of Mr. Grant DufP’s letter, the Elder Brethren wish me to convey their opinion that
the merits of Blackwood’s harbour bave hardly been sufliciently regarded by the Madras
Government in the consideration of this large question. This . locality possesses natural
advantages over any other part of the coast, which the Elder Brethren believe might be
turued to much better account than can result from either of the schemes proposed to
be carried out at Madras itself, ‘whilst the construction of a tramway or railway for the trans-

port of goods would ohviate the necessity for (and reliove merchauts from the apprebension
" of) the removal of the mercantile establishments from Madras.

In returning the papers as rvequested, the Elder Brothren wish me to state that they
consider the report of the Master Altendant, Mr. Dalrymple, a very fair ono, embodying toa

N

From W. Panrxzws, Baq., to the Under-Secratary of State for Iudin, rommentiog o the abeve,-~dated 26th May,
: 1574,

- Your lettar of the 21si imstant eneloses, for my informaticn, ond from the Elder
Brethren of tho Trinity House, dated 27vd April, cuntainiug their opinion on the nautical
aspects of my design for a barbour at Madras,

2. You do not call upon me to submit any remarke upon this communication, but I

think it right to take the eavlicst opportumity of calling attention to'the fact that the opis -

nion of lhe Elder Brethren appears to be based upon s misconception of fact in at least

- one important peint, and I would express the bope that the Seerctary of State will take

such measures as he may think desirable to prevent the mischief which would otherwise
follow the circulation of a conclusicn, bassd on a inisconception, emanating from so infllu.
ential 2 gnarter as the Trinity Board.

3. It is stated that “ the opinion of the Elder Brethren would be in favour of the break-
water, grovided the erpewss would not be greater thum that of making ‘o harbour.” They
then procesd to describe the advantages which would be secured by a break-water detached
from the shore, 9,000 feet in length, aud they appear io have assumed that such a break.

ul

.
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- water would cost about as much as the harbour I proposed. In that assumption I am unable
to concur. Theecost of such a break-water would be at least £200,000 greater than that
of the harbour, owing %o its whole length being in deep water, and to the necessity of con-
gtructing enormously strong and very expensive etagings for the conveyaunce of the large
concrete blocks from the shore to the line of the break-water.

4. The length of break-water which could be wade for the same cdst as the harbour
(say £565,000) would certainly not exceed 6,000 feet, and that is tho length which had been
proposed by the Break-water Comuittee in 1869, and by Mr. Robertson in 1871, which they
estimated respectively to cost £1,062,000 and £1,311,000, the system of construction by
“‘pierre perdue” in both cages being much more expensive than that I have proposed.

5, 1t was this length of 8,000 feet which was the basis of the comparison made in my
report,",- but the addition of §,000 feet to the length mukes all the difference between eflicient
and ineflicient shelter, and I fear that, at the same time, the addition of £209,000 to the cost
juakes all the difference Letween a financially practicable and impracticabe scheme. I submit,
therefore, that so far my conclusion is not inconsistent with the authoritative nautical opiniod
of the Elder Brefbren, the two having reference respectively to totally different proposals.

6. It must not be concluded, bowever, that, even if the objection of extra cost were
put out of the question, I should recommend the lengthened break-water in preference to
the harbour. 1f there were no other object than to provide smoother water for the anchorage,
and the easiest possible communication between the anchorage and the sea, which, from a
purely nautical point of view, is the primary object, 1 should not be disposed to contest the
conclusion arrived at by the Elder Brethren, though &ven on that point the opinions of

" nautical men are much divided; but when I consider the equally, if not more important,
questions of communication between the shipping and the shore, and the facility of providing
for extension of tradc when necessary, the preference appears to me to be due very decidedly
to the harbour, which ean be constructed for £200,000, less cost. '
~ 7. The Elder Brethren make two comments upon my proposed works, which 1 think are
also based on misapprehensions as to matters of fact. First, that ¢ the seaward portion of
the barbour would not be free from a dangerous surf outside the entrance.” As to this 1
can speak with every confidence. 'There is nosurf at that distance from shore, and in that
depth of water (7} fathoms). True, surf has never been seen much beyond the head of the

. uld be 8,600 feet from
. present pier, 1,200 feet from shore, whereas my propossd entranoe Won.C PNyl
* ghore. During cyclones the crests of the waves are broken by the violence ?E the wind P"t

" out to sea, but this is in itself harmless to shipping.

8. The second objection is that ¢ the contemplated
. be sufficient to protect vessels inside from the effects of
again, 1 can speak with confidence. The Manors brea

i 800 te which:
about 3 feet lower than the proposed Madras work, ";d'::;epzl;fd;‘:a?ef!{li]:iznt ;T’{i_ea?{_:a :::1
s N : yob ¥ 2
it is exposed are heavior than those at Madras; ¥ Joeward, the state of the sea is such

and T am informed that, at a distance of 100 ysrds to

" that ships could lie there without inconyenienoce during the heaviest weather. It is not pro.

posed to moor them so close os that ab Madras. The quantity of water thrown over the piers

by the waves would not be materially decreased by their being raised 5 or 6 feet, \yhile, if
© they were raised to 18 feet above high water, a8 Mr. Dalrymple suggests, a very considerable

Jevations (of the piers) would pot
:hee'fury of wind and sea.” Hore,

amount of water would stil] be thrown over in heavy seas, and the additional cost would be

aboutlf 2(?(?n2|()u(:ion, T would beg to observe that, since 1 submitted my report to the Gov-
ernment of Madras, I have taken every ppportunity, and I have had many, of consulting with
experionced nautical men. Upon two points I have found them so far unanimous, viz., that
the break-water, 6,000 feet long, would be quite inefficient, and the harbour eficient, for the
‘purposes required ; some (though decidedly the minority) are favourable to the idea of &
lang break-water, but the majority prefer the enclosed harbour. There are differences of

k-water at Kurrachee is relatively

opinion as to the form, width, and position of the entrance to the latter, and I have carefully -

considered ‘the several suggestions made, the result of which will probably be that I may
submit some slight modification of, or addition to, my design as it stands with the view of
meeting the more substantial objections to the present form.

Despatch from the Government of Iudia, to the Seoretary of State for India, forwarding certain papers and
iomm\tnifg?;.g remarks regarding Mr, Parkes’ scheme for a closed Harbour,—~No, 118 P. W., dated 17th
© Angust, o

‘“We have’ recently received* ‘frguin the Government of Madtﬁa a copy of Mr. Parkes’
® With & lotter dated the 13th Jung detailed estimate (marked private and oconfidential) of the
Jast. - cost of constructing the proposed harbour at Madras, and

»
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we have the honour now to offer some remarks thereon, and to forward a note prepared by
our Secretary in the Public Works Department, after consulting the Finapcial Department,
from which your Lordship will perceive that it is deemed prudent to make considerable addi-
tions to the estimate. We also forward herewith all the papers which have not been already

~ submitted to Her Majesty’s Government.

2. The advantages of giving protection to the shipping at Madras, and of affording
facilities for the landing of goods and passengers, are undeniable, but the scheme involves three
questions, which appear to us to demand consideration and discussion before coming to a final
conclusion on the subject. _

8. There is first the soundness or otherwise of providing a close harbour instead of an open
break-water, As your Lordship is aware, there is some differcnce of opinion on this important
point, but it is to be remarked, first, that a break-water has been estimated to cost a sum so
large that, in she opinion of the Madras Chamber of Commerce, it would be entirely beyond
the power of the Port Trust to provide even the interest on the outlay, irrespective of the cost
of future maintenance and repairs; and, secondly, that, on the whole, the balance of the prd.
fessional and nautical opinions obtainable is in favour of a close harbour rather than an open
break-water. Neither scheme is likely to afford complete, or probably even material, protection
from the effeet of very severe cyclones, but a close harbour would undoubtedly afford great
accommodation to shipping in ordinary bad weather.

4, We believe that considerable uncertainty must always attend conjectures ag to the
effect of harbour works upon the movement of sand on an open foreshore like that at Madras,
but we do not consider that the possibility of the proposed harbour being liable to silt up is a
conclusive objection to the projected scheme, unless, indeed, the objection be considered suffi-
ciently strong to negative any attempt to provide shelter for the port of Madras. Your
Lordship has the means of consulting higher professional authority than is obtainable in this
country, if you should consider it desirable to obtain further opinions on this point.

" 5. So far as we can form an opinivn, we agree with the Government of Madras in recom-
mending Mr. Parkes’ scheme of a close harbour as the best that has yet been devised, having
regard to all the conditions of the case.

6. The next point for consideration is, whether the details of the mode of construction
advocated by Mr. Parkes arc satisfactory, and whether the estimates of cost are likely to be
sufficient. It is to be ohserved here that the proposed harbour is to consist of sea walls or
break-waters, composed of loose rubble-stone at the base, and of solid concrete blocks resting
thereupon, in the same manper as the break-water recently constructed at Kurrachee. We
should have Lieen glad had we been able to show from further expericnce in this country what
is the effect of heavy seas and severe storms upen this method of construction, for there is no
question but that it will be very severely tested at Madms_, but so far as we know there are no
grounds for questioning its stability. Here, again, Her Ma]esty’s.Government may bave better
advice available than is at the disposal of this Government.

7. Mr. Parkes’ estimate amounts to £365,000, and from a report enclosed it will be seen
that the experience obtsined from the works at Kurrachee shows that the rates fpr concrete
blocks may be accepted as sufficient, but that some additions sl?ould be made to the estimate
which raises the probable cost to £710,000; and if interest is to be charged upon this sum

“dufing the period of construction, then the amount of capital debt on the completion of the

works will rise to £778,485, on the assumption that the time occupied will be four years, and

© that the advances are evenly distributed, It should also be noted that the scheme projected by

Mr. Parkes doos not provide accommodation for the landing of cargoes along the sea-walls form-
ing the harbour and that additional outlay on this count will ultimately be required. Cargoes
may, bowever, be landed, meanwhile, at the existing pier.

’ 8. The third and last point for consideration is, how to meet the interest of the money to
be lent to thd Government of Madras, and provide a sinking fund for extinguishing the

_eapital debt, without cansing eerious injury to the trade of Madras. The calculations of the

estimates of charge and revenue are as follows :— ;
The Madras Government have taken a payment of 6 per cent. per annum on £600,000 or
£36,000, as representing the annual charge for interest and s.inkling fund, and has proposed to

‘raise the money as follows :—

£
A rate of 8 annas (1 shilling) per ton on foreign steamers and ships, and four annas
(sixpence) a ton on coasting stesmers and vative craft . . . . . 20,000
14 annas'(1s. 94.) per ton on all goods landed and shipped . . . . . 18,000

Torar . 36,006

L ——1
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But it will be seen that higher dues will be required if the cost of the work rises as high
as we have thought it prudent to estimate. Taking the calculations given in Colonel Dickens’
note, it will be ntcessary to obtain £42,196 per annum to cover interest at 44 per cent., and
provide for the re-payment of capital in 40 years. To this we add £10,650 per annum, on the
average, taking one year with another, for repairs and maintenance, and £4,000 for the port
charges as at present. The result is that a sum of £56,846 is required to be provided annually.

The following are the very highest dues we can expecet to be paid, calculated on the existing

tmde sm— Iy
£
440,000 tons of shipping, at 8 annas, or 1 shilling per ton . . . . . 22,000
230,000 ,, of goods. at I 14, or 8 shillings ,, . . . . . 83,000
' ToTaL . 65,000

9. We consider that the nature of the trade at Madras makes it evident that from
steamers calling at the port, but a very moderate amount can be levied without running scrious
risk of driving them away altogether, and we agrde with the Madras Government that the
returns from tonnage dues cannot well be taken at a higher figure than £20,000 a year, leaving
£36,846 to be annually provided for by a charge upon the goods landed in such muuner as the
Government of Madras, after further consultation with the Government of India, may consider
proper. ‘

10. We think it desirable to record our opinion that, if this loan bo granted, there canuot
fail to be considerable risk of loss to the revenues of Xudin, both on account of the uncertainty
of all harbour works, and also on account of the probability of pressure being put upon the
Government of India to relieve the tinde of Madras from the burden of paying the intcrest if
the harbour does not prove to be a suceess, or if the port-dues operate injuriously, and it is for
Her Majesty’s Government to consider whether these risks are, or are not, counterbalanced by
the undoubted advantages that will accrue should the undertaking prove to be a succossful one.

11. The Governor of Madras in Council having expressed his anxicty that the subject of
this harbour should be referred for the decision of Her Majesty’s Grovernment with as little
delay as possible, we have not waited to communicate our opinions to the Government of
Madras, but have sent a copy of this Despatch, and requested that Govornment to comma-.
nicate direct to your Lordship any observations or explanations which they desire to muke.

. .
et s e

Note by Seccretary, Government of 1ndis, in the Public Works Department, on M, Parkes’ deeign and reforred
to iu ubove despatch, . . ,! ‘ .

1. Mr. Parkes’ cstimate amounts to 2566,078. . M

2. The Madras Committee recommend an addition for rubble work, of £20,000.

3. The rute for concrete blocks has been tested by the rates of work at Kurrachee, and
seems ample. . . . .

§. Mr. Parkes’ cstimate allows 10 per cent. for cqntmgcncles, which, T presume, iz
meant to cover eost of repuirs from ordiuary wear and tear :u?d from storm damages while
under consiruction. T think it would bo only prudent to allow this 10 per cent, to stand for the
contingenoies of construction only, and to add 10 per cent. more, or a round sum of £50,000,
for repairs of damuges while under construction. .

5. Next, there is an allowance of enly b per cent. for superintendence. This might
suflice if a contractor could be got to take the work at a lump sum contract on the estimate.
But if the work is to be done departmentally as at Kurrachee, though there may be a saving on
the rales of work, there will certainly be excess in supervising establishment. The rate for
executive establishmeut at Kurrachee has been on the avernge 13'8 per cent. on the cost of
work done. To this has to be added the cost of uuditing the accvunts and the general direc-
tion to the work, afforded by the superior officers of the department, and, hesides this, there are
the payments to Mr. Parkes fur professional advice prior to and during construction. On the
whole, I do not think it will be safe to take the total cost of supervising establishment at less

" than 20 pei‘ cent., or, eay, £73,000 in excess of My, Parkes’ estimate,
- 8. Thus, the total of the cstimate 1auy be tahen at—

£
Mr. Puarkes’ original sum . . . . . . . . . . . 586,078
Add for rubble work extra . . . . s s . . . 20000
» for repair of damages during construction . . . . . . . 50,000
» for supervisivg establishmens . . . . . . . . . 74,922

-

ToraL . . . 710,000
——

This may; I think, be considered an outeide esti;nate..
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7. But there is an addition yet to be made, namely, for interest during construction, as
nereased harbour dues cannot be collected till the trade begins to reap the benefit of the
vorks. .

Thus we shall bave—

£
First year’s expenditure . . . . . . . . 177,500
Interest at 43 per cent. {taken for balf the year on average) . . . . 3,993
Lonn at end of first year . . . . . . . . . 181,493 N

Add second year's expenditure . . . . . . . . 197,600 \

368,993

- Intereet at 43 per cent. . . . . . . . . . 12,161

Loan atend of second year . . . . . .o . . . 371,154

Addexpendttlre third year . . . . . . . . . . 177,500
-

_ 548,654

Interest on this . . ‘ . . . . . . . . . 20,896

Loun at end of third year . . . . . . . . . . 569,350

Add expeunditure in funrth year . . . . . . . . . 177,500

746,850

Interest . . . . . . . . . . . . . 29615

Loaun at end of fourth year oo . . . . . ) . 76465

. i

* Thereafter the interest will be £31,941; but making arrangements to pay off the debt
by equal instalments, including’interest in 40 years, the annual payment should be £42,196.
"o this again has to be added the cost of repairs and maintenance, which, on the average, may
pethaps be assumed at 1} per cent. on the estimate of £710,000 = £10,650. Further
the present cost of the port cstablishment must be added, £4,000.  Altogether, then, the pay-
ment of £56,846 per annum should be looked for to make the project safe.

8. This is a much larger sum than has been provided for in the Madras estimales, and it
will be necessary to raise higher dues accordingly. In round numbers the trade of the port
may be taken at 440,000 tons of shipping, and 220,000 tons of goads. If the port ducs be
taken at % amnas (1 shilling) per ton on the former, and R1} (8 shillings) per ton on the
Yatter, the result would be— '

. £
440,000 tons of shipping, st 8 annas, or 1 shilling . . . . . . 22,(_700
220,000 ,, of goods, at 11}, or 3 shillings . . . . . . 83,000

h ' ToraL . 66,000
. Wit

The Chamber of Commerca would reduce the ship tonnage for the coasting trade to half
the sum, making the total revenue {rom tonnage of shipping £20,000.

But the rate of R1§ a ton on goods is bigh, At Bombay the limit is R1}; aud as the
harbour at Madras will admit of ships loading and unloading at the pier, this may be considered
to be a reasonable rate according to Bombay experience. The R1} rate is, perhaps, admissible -
being 20 per cent. only in addition to the Bombay rate.

" 9. If the extinction of the debt were not looked. for, but only interest and repairs, the
charges to be met would bewm '

£
Interest . . .. . . . . . . . . 34,941
Repairs . . . . . . . . . . e . 10,650
Port expenses . . . . . . R . . . . . 4,000
ToraL . 49,501
m

And the rates of dues might be fixed on shipping as proposed by the Chamber of
Commerce . . . . . . . . . . . . 20,000
Ou goods at a trifle above the Bombay rate, namely, 12 instead of R 13 perton . 80,250
. ToraL . 50,‘250‘
o

In both these and the former caleulations it is presumed that there will be no .increase in
port establishment, except for the maintenance and repairs of tha harbour works,

« 10, Constdering the high estimate taken for the works, and the results of the caleulntions
of the two last paragraphs, with the facts that the harbour may inercase the regort of shipping

.
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to the port, and that the objeet in view is worth some rigk, perhaps the Goveroment of India
may be justified in advising the Sceretary of Stale to grant the loan; if on further pro-
fessional examination in England the project and estimate be accepted as good.

11. 1 will only add a ruggestion that the duty on gaods should be by weight, and not by
boat load. Landing at the pier is essential to the realization of the duty or goods; and the
inconvenience of weighing 1s easily gob over by the use of weigh-bridges,

Despatch from the Seevetary of State for JTudia, to the Government of India, communicating sanction to
Mr. Parkes’ scheiwe for a harbour at Madras, dated 111h Maveh 1875. '

avo 3 17 8 w? .

No. 36, dated 16ih Dicember 1872, T have 00“5“3”9“\1“ CO“}\Lll your Excellency’s Des-

w 1, Bth Junuary 1874  patches Nos. 4 and 118, dated Sth January and 17th August
2th Fel X . . ,

» 2;: - zséhl J:::“"y » 1871, referring to the proposed harbour at Madras, together

s 6, , 13th July " with the Despatches of the Madras Government of the num-

» 32, ,, 14th September |, ' :

Levs and dates noted on the margin relating to the same subject.
2, In accordance with the suggestions of your Excellency’s Goverument, I have caused
Mr. Parkes’ plans to be submitted for consideration to J. If, Bateman, Esq., C.K, Mr. Bate-
man has been »sked to give his opinion in refercnce to the three points raised in your Despatch
No. 118, dated 17th August 1874, The following questions were put to him
Ist.—Whether the proposed method of constructing the break-waters, as described in the
Report dated 4th November 1873, affords promise of stability. )
2nd.—Whether the obstruction to the littoral currents offered by the break-water is likely
to cause an accumulation of sand; and, if 50, within what period such accumulas
tion 1s likely Lo impede the entrance to the harbour ?
3rd.~—Whether the proposed harbqur, being enclosed by break-waters, only 3 feet 8 inches
above high-water mark, and having an opening 150 yards wide exposed to the
sea, would afford sufficient protection to the shipping moored withia it during the -
j prevalen’ee of high winds blowing inshore.
3. Upon all these points Mr. Bateman’s answer, as your Excelloncy will see from the
» Dated 8rd Docmber 1674, enclosed report,* is in accordance with the opinion ofM.r.'
Parkes. The Madras Government are also confident inﬁw
soundness of his proposals; nor do I understand vou-to feel any hesitation in soceding to

their view, except upon the points which you wished to be submitted to the examination’ of ;- |

English engineer. : T
4. Considering these favourable judgments in conjunction with the experience of M}M
Parkes’ mode of construction which has been furnished by the barbour of Kurrwheexlk I‘H\;
satisfied that his plans are likely to be suitable for their purpose, snd may be safely ’“"‘4‘1"""’%\
5. The question of expense ig, as might be expected, 8 matter of séme eontr'-oYerl;y : 'Yotu ‘
Government is disposed to place it at as high as £776,465 ; Mr. Parkes” own original estimate
did not exceed the sum of £565,000. The Madras Government have_ad.opted_ an mtermedl.ate
view, and aro of opinion that £625,000 will be amply sufficient. A similar discrepancy exists
with respect to the estimate for maintenance, which is plucefl by your Government and that
of Madras at the sums of £10,000 and of £2,000 a year tespectl"ely L
8. The contingencies npon which the cost of constructing and repuiring a harbour depends
are 50 uncertain that it would be hazardous to express a confident opinion in respect to these
conflicting estimates. But the question is too large to be deglt with only upon financial
grounds. Many human lives are sacrificed in the tempests wluc].n annually ravage the Coro-
mandel Coast, and it is probable that a large proportion of these might be saved if the -vessels
which are now surprised in the roadstead could seek the shelter of a harbour. The material
interests of the vast population that inhabits the Presidency of Madras are not less deeply
affected by the unsheltered condition of the port. It can hardly be doubted that, if & safe and -
regular access to the sea could be secured to the, their industry and trade would be greatly
stimulated. The public utility of a harbour can seldom be measured by the actual return in -
the shape of dues which it can be made to pay, and in the Presidency of Madras, where the
destitution of ‘shelter upon the seaboard is so remarkable, such a principle of valuation would :
be specially misleading. e
+ 7. 1 do not, therefore, propose to make the construction of the harbonr of Madras depend
upon ‘the accuracy of the estimates submitted by the Governraent of Madras. Those estimates
may, however, properly serve as a guide in determining the sum which is to be advanced for
‘the work out of the Extraordinary P};mm Works.x Fund. .The principles upon which thas Foad
was constitated, and of vghixzh I reminded you in my Financial Despatch of the 28rd July.
-1874, No. 887, forbid its uppllfzamon to any work except so far ag the yield of that work+js -
_likely to repay the iuterest upon its cost. NI

v
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8. Looking to the tonnage both of the ships which visit the port and of the goods which
pass through it, and also to the burdens which are borne without injury to the trade of other
ports, I am disposed to concur with the cpinion of the Government of Madras, that dues raised
upon shipping and upon goods in that port may be trusted to repay interest upon the £622,000
which they estimate as the outlay necessary in addition to the annual sum which, in their
opinion, they will have to provide for the maintenance and working expenses of the harbour-
1 do not conceal from myself that circumstances now unforeseen may render inevitable an ex-
cess either upon the capital outlay or the annual expenditure in maintenance. But the
Twperial character of the undertaking, and the high interests involved in it, do not permit me
to look upon the existence of that contingency as an insuperable obstacle to the prosecution of
the work. If the excess should arise, it must be borne upon the ordinary budget; but until
the probability of its being incurred is ascertained, the necessity for providing for it will not
arige. I desire, however, to record the opinion that, if the full amount of the highest estimate
formed by your Government should be reached, the expenditure will still have fallen short of
the benefits which the work may be confidently expected $o confer upon the pecple of Madras.

9. I have, therefore, in conclusion, to request that the Government of Madras may he
directed to introduce Bills into the Legislature providing for the levy of dues, cither on ship-
ping or on goods 1n the port of Madras, upon the construction of a harbour there, which will
be sufficient to defray interest at 4 per cent. of a loan of £628,000, and a yearly expenditure of
£6,000; and, further, that your Excellency’s Government will, on the pﬂ-ssing;' of those
measures, advance the sum of £628,000 out of Extraordinary Frnds to the Government of
Madras for the construction of a harbour in accordance with the plans of Mr. Parkes, and

_under his superintendence.

Report by J. F. Barsuax, Es‘l-, C.E, on Mr. Parkes’ design and referred to in above despatch,~dated 3rd

Décember 1874.

1 have the honour to answer the questions subinitted to me by direction of the Secretary
of State for India in Council on the important subject of the proposed harkour for Madras
designed by Mr. Parkes. ' A '

I have given it my most careful-consideration, and have had the advantage of obtuiring
from Mr. Parkes, to whom L was referred, all the information which appeared to me desirable,
and of much of which, especially of a local character, I was necessarily ignovant. I have also

obtained from him full particdlars of the break-water at Kurrachee, and the pature and extent

of injuries which it recei ved during its constm?tiop and during the two following monsoons.
This information is most valuable, as bearing directly npon tlie question now under considera-
tion, as the proposed mode of constrqcting _the break-water picrs at Madras is the same in priu-
ciple and to a great extent the same in design. )

On the important point of the stability of such a work, T have also brought into considera-
"tion and nxnder review all the circumstances of break-waters, either similar or dissimilar in their
consfruction, with the object of well weighing the proposal of Mr. Parkes before I ventured to
incur the responsibifity of either approval or disapproval, _

The expression of my opinion is strictly limited to the three questions submifted, and as
the most convenient form of answering them, I bave arranged the questions and answers in the
followiug parallel columns :—

i .
Questioni. . Answers.

1. Whether the proposed method of con- 1. I am of opinion, after the full informa.
structing the break-water, as described in the tion I have received of the mode of construc.-
Report dated the 4th November 1873, affords  tion adopted at Kurrachee and the success and

- promise of stability. stability of the break-water there, exposed, as

o _ it is alleged to” be, to as heavy or a heavier
' sea than the break-water at Madras can be, that
the mode of constructing the break-water. as
described in Mr. Parkes’ report of 4th Novem-
ber 1873, does afford promise of stabilicy. 1t
is, however, very probable thai, hoth during
construction and subsequent to completion,
very severe storms may disturb and injure the
work ; but this contingency is not, in my
opinion, sufficient to prevent the sxecution of
the break-waters in the manuer proposed by Mr.
Parkes. 1
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2. Whether the obstruction tn the littoral
currents offered by the break-water is likely
to cause an accumulation of sand ; and, if so,
within what period such accumilation is
Likely to impede the entrance to the harbour.

3. Whether the proposed harbour, being
enelored by hreak-waters only § feet 6 inches
ahove high-water marlk, aad having an open-
g 150 yards wide expesed to the sea, would
afford suflicient protection to the shipping
moored within it dwing the provalence of
bigh winds blowing inshore.

2. A break-water or pier projecting at right-
angles from the const must of necessity obstruct
littoral currents and arrest travelling sand or
shingle, but T have no information as to the
quantity of sand which would be thus. arrested
in a year, and caunot thercfore make any cal-
culation of the period within whith the accu-
mulation would extend as far out as the puints
of the piers, or impede the entrance to the
channel.

The piers or sides of the enclosed harbour are
proposed to be extended nearly two-thirds of a

mile from shore, and I am .of opinion that,

whatever may be the quantity of sand which
will be arrested, a very long period will elapse
before the accumulation behind the walls can
have an injurivas effect, 8o long, indeed, that it
may be disregarded.

8. The break-water, thongh the top be only
8 feet 6 inches above high-water, will very

cffoctually stop the progress of driving waves, .

and will afford material shelter within the har-
Lour. 1t will nut prevent water rolling over in
heavy seas, but the destructive effect of such
water will be destroyed, and no injurious wave

can be propagsted within the space of the
harbour,

[ consider an opening of 150 yards will
afford casy ingrees and egress to vessels, and
that any waves entering this épaee from high
winds blowiug- inshore ‘will, 88 80on as they
have cntered, spresd out in all dircctions with
such rapidity as to bo wholly dissipated as ob-

. jeotionable waves within o short distance of the
entrance.

"The water within the harbour in all winds, -

however high, will be comparatively quiet.

. e . . .

Despatch from the Gavernment of India, te the Searetary of Btate for India, mt"_naz“’;_i»! d"‘;}' h‘t’nti“‘d“m'm ;if
Madrus Enbunced Rates of Harbour Dues Bills owing to doubts a8 to pﬂwt{f;); ity . ;';"7*7'““ 10§ au el
cient Harbour on plans ow under considerasion,—No. 133 P - W., dated 15t ceraber ‘

With reference to your Lordship’s Despateh No., 82 (Leyislative), dated 17th May last, .

ou the subject of the Madras Harbour Works, we have the hunour to report _that, with the con-
currence of His Grace the Governor, we have arranged that our colleague Sir A. Clarke should

shortly visit Madras, and cxamine the works in progress in connection with the harbour, and R

thereafter advise us a8 to the conrse that should be eventually pursued.. -

2. In the meantime, and in view to prepare the way fo'r the examination above spoken ‘of,
wo havo sent te Madres an experienced officer of Royal Engineers yvlm has b(.aen c_harged with
the duty of collecting certain information and conducling certain observations in wcox'qan?e
with instructions which have been issued to him by our Hon’ble colleagne, but who will in
no way advise the Local Government, or interfere with the works that may be in progress.

3. Pending the receipt of the information in question, we bave deemed it advisable that -

. » Bill “to euhasco the rates of duss leviable on vessels entering the Port of Madras,”’ which
Sir Alexander Arbuthnot obtained leave to introduce on the 14th September last year, should
not be proceeded with. The introduction of this Bill has
which have been rmisod as to the practicability of constructing an efficient harbour at Madras
upon the plan upon which the works now in progress are being constructed

Roport by W. Runxns, Eaq., M. Tnst. C. E., Chief Engineer, Madras Iarbour Works, on the progress of the

Madras f{arbour Works, for the yuarter ending 30th June 1878,—dated 27:h August 1878.

I have the honour to forward you a plan showing the pr

quarter ending 30th June last, and two Fhotographs of the no
taken from the bead of the screw pile pier on the 6l July.

’

been delayed hitherto owing to doubls

ogress of the above works in the. 1
rth aud scuth piers rempectively, '
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2. There had been, up to the 30th June, an advance of 76 feet at the north pier and
34 feet at the south, and the whole of this advance had been made in the month of June.
I'n the following month of July the north pier advanced a further 113 feet, and the south
pier 43 feet, showing that the rate of progress was continuing, even during the unfavourable
season of the south-west monsoon. T shall refer te the difference in the progress of the two
piers further on.
3. In my last quarterly report {paras. 8-=11) I mentioned that block-setting had been
suspended after the 1st of April to give the blocks more time to harden. It was not resumed
il the last day of May. ) '
4. 'This suspension of the work during the .most favourable season was a very serious
matter, as, besides the evil of the delay itself, it seemed to tmply either a fault in the original
arrangements of the work or a miscarriage of those arrangements. Mr. Thorowgood was
himself absent on aceount of iliness from the 18th March to 18th May, so that he was not
personally respo’usible for the suspension, and was able on his reburn to form an unbiassed judg-
ment as to its necessity. *
5. T may repeat that the area of the block ground was originally caleulated to hold the
full number of blocks which could be set at the most favourable season in the time necessary
for new blocks to harden. 'The calculation was based on the expervience of the similar work
at Kurrachee, and 1 think that to have made a large provision in the first instance would have
been an unjustifiable expense. ]
.6. The result of Mr. Thorowgood’s investigation is, however, that, for some reason not
yet fully known, the concrete does not harden quite so quickly at Madras as it did at Kurra-
chee, and also that, as the sea is never so quiet at Madras as it was during the short working
season at Kurrachee, the blocks are subjected to heavier blows and strains while being set, and
consequently require greater strength. Two or three blocks were actually broken, but not to a
gerious extent, : .
7. From these two considerations combined, neither of which could have been taken into
the original calculation of the number of blocks reqnired to be kept in stock, Mr. Thorowgood
is of opinion that a delay of two or three weeks would have been justifiable, but that o long
as six weeks, which was extended to two months by rough weather in the latter part of May,
Wwas unnecessary. \
8. The delay appears to have been strongly urged by Mr, Lowe, the principal foreman.
If Mr. Thorowgood had been himself on the spot, he would, no doubt, have overruled Mr.
Lowe, but [ am not sarprised that Mr. Beardmore, while only in temporary charge, did not
feel justified in doing so. It is to be regretted, however, that Mr. Beardmore did not report
the facts either to Mr. Thorowgood ot to wayself more fully, and at an earlier date. Had he -
done so, either of as would have taken the respousibility of authorising the resumption o.
work., : . '
9. Experiments are now being made with the view of determming more definitely at what
age the blocks may be safely used, and at the same time, with a view toavoiding the possibility
of a similar delay in the uext favourable season, Mr, Thorowgood has applied for sanction to
form a supplementary block ground near the south pier. On this either new blocks may be
made by hand labour and used when the stock of machine-made blocks of the proper age at
the present block ground is exhausted, or the machine-made blocks may be stacked upon it
when hard enough to be removed, but not hard enough to be lowered into the sea. The
existing block grounds have also been slightly lengthened at each end, as shown in red on the
plan. . .
10. During the two months that block-setting was suspended, considerable progress was
made at both piersin the formation of the rubble bases in advance. The extent to which stone

- had been deposited up to 30th’ June is shown on the plan. This stone was carried out mainly
by Masula boats from the shore, The Masula boats answer very well for the present, and the
work is doue at almost exactly the cost 1 estimated, but as the work advances into deeper
watcr the quantity of stone required for filling up to the level of the foundation of the concrete
blocks will be greater, and a greater speed of work than is possible with the Masula boats will
te required to kecp ahead of the block-setting.

il. For this purpose the steam hopper barges which have been so long waiting are now
being brought into action. The use of the Masula boats to a greater extent than I originally
anticipated has rendered unnecessary the construction of a timber jetty for the ‘im'pper
barges to lie alongside of to receive their cargoes of stone. The side of the north pier itself is

mow available for this purpose, and thus much of the expense originally anticipated for the
jetty has been saved. There are, however, still some practical difficultics on account of the
11
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strong run of the sea along the solid face of the pier even on the lee side, baut T have no doubt
mmeans will soon be found to overcome these,

12. T now come to the ever-recurring sand question. It will be seen from un inspection

of the plan that there has been sinee 3ist March to the southward of the sonth pier an aceumu-
lation forming a triangle of 350 feet along the pier, and of 2,000 feot along the coast.
Although the present is not a favourable time for drawing any definite conclusions as to the
effcet of future accumalations, which will be better deferred till the close of the north.ecast
monsoon, yet the lines laid dowu from actual survey are so elearly illustrative of the principle
on which my previous anticipations have been based, that I think I may usefully call attention
to them, :
13. The triangle in question may be taken to rtepresent approximately the accumaulation
for the whole year, as both in 1876 and 1877 it wds found that the north-cast monsoon
removed all the aceumulation which had taken place since June, Taking this tiiangle, there-
fore, as our uuit of quantity for a year’s accurbulation, each succeeding year m:zy be expeeted
to add an equal quantity in the form of a parallel strip on the hypothenuse of the triangle, which
will be lenger and decper, but proportionally narrower, every year. Ultimately the triangle
w3l extend from some point near the bend of the pier (say, where it crosses the seven-fathom
line) to a point a proportionate distance along the shore to the southward. As this tviangle
will have its side along the pier seven times the length of the. corresponding side of the
present triangle, its length along the coast also seven times that of the present triangle, while
the maximum deptb of sand will be 7 fathoms, instead of 2 fathoms, it will be seen that the
time necessary for its formation must be well in exbess of the hundred years which I have
already put forward as the probable period for which the south pier will act as an effectual
protection to the barbour. Yet, I think, the advance of the sand must have had a more
menacing appearance to loeil observers this year than on either of the former years at the same
period. ‘

14. On comparing the present ¢oast line between the piers with those of 31st March 1878
and of 30th June 1877, it will be seen that there has been no advance. Last year it will be
remembered there was an advance between March and June, which I attributed to the length

of the south pier being insufficient to prevent the passage of sand round its end. It is now ..
obviously quite effectual for this purpose, and the next few months’ advance of the pier will, T

hope, put a final stop to any anxiety as to future emcroachment on the water space of the
harbour. The width of beach which has been gained, however; appears to be already fully
occupied for the purposes of trade. As the piers give more shelter, the travellimg of th.e ‘m}d
northward and southward according to the monsoon will be lessened, and the‘ line of shore w;ll
bhecome more permanent, and therefore still more useful. )

15. The coast to ihe northward of the north pier continues to waste during the prevalence
of southerly winds, and the waste is regained in' northerly winds, The effects of these flic-
tuations are not very serious; but when their possible _extent has been more clea.rly detfirxmued
by experience, it may be desirable to adopt some permanent meagures of p?otectxol}. ‘

16. I now come to the movements of the sand near the ends of the piers. Similar move-
ments caused so much trouble and delay last year that in the nine xponths from April to
December the north pier could ounly be advanoced 60 feet. This year, in two mqnths (June
and July), the north pier has advanced 189 feet, and the south pier 77 feet. .'lhe inferior
progress of the latter, however, is due to the same cause as affected the north pier last year,
viz., the accumulation of sand over the rubble base in front on the blocks.

17. The contour lines of depth on the plan show generally the state of the bottom in
February of this year. The soundings in figures are the dep?;hs found by Mr, Beardmore at
the end of June znd the beginning of July. Tt is a very difficult matter to get soundings at.
all in euch & sitnation? and such as there are must have been obtained by the exhibition of
great promptitede and at some risk. It is, therefore, no reflection on Mr. Beardmore to say
that they. are insufficient to give anything like a;complete idea of the form and extent of the
aceumulation. Still less would they justify any definite .conclusion a8 to the cauge of it We
roust still rely upon theoretical eonsiderations as the main basis of our -anticipations for the
future, though we may usefully test thg cotrectness of our theories by comparison ‘with such =

. partial collection of facts as we have obta.meft .

18. It will be seen that lzpon the hpe \.vhu;h was the 4-fathom (or 24 feet) contourin
February there is vow off the end of the souih pier a ghoal wiih a least depth of 8 feet, show-
ing an aceumulation of 16 feet. This is very similar to the accumulation whieh was formed
off the end of the north pler last year, when that wasin a position relatively to the depth of
water and the coust line, very similar to that of the south pier at present.  Now, the and

-
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PLANS AND SECTIONS OF PROPOSED MODIFICATION OF MADRAS HARBOUR
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of the north pier is perfeetly free of sand, and 1t will be seen that the depths nortb and
south of it in the thrce lines of soundings differ little from the depth shown by the February
eontours, : "

14 This marked contrast in the state of the sand near the ends of the two piers is, so far,
a literal fulfitment of the anticipation T ventured to express, that the good advance of the north
pier wade in the early part.of the year would have carried it past any future sand diffienlty.
There ave yet two or three months before the change to northerly winds may be expeeted to
itroduce 2 change of conditions as regards the movement of sand, but it is hardly likely that
any serions aceumulation will now take place. :

20. The question now arises whether we may- anticipate that the advance of the south
pier before the next south-west monsoon will carry it into a position as favourable as that m
which the north pier now is. I can see o reason to doubt it.. The eonditions required are a
greater depth of water and a greater distance from the hroken-water which fringes the beach.
It may be suggested that the fact of «the advance of the beach along the north pier haviug
been arrested, while that at the south pier will continue, will make a difference to the disadvan-
tage of the latter, but the pier will advance much more rapidly than the beach, and if the
interval between the end of the pier and the beach is suflicient, the advance of the beach can-
not affect the movement of the sand near the liead of the pier. :

21, 1 have previously expressed an apinion that the advance of the line of beach, and the
accumulation of sand at the pier end, are due to two distinet causes, the one being an along-
shore movement of the sand, the other & ‘movement in the direction of the waves, originally
obligquely transverse to the line of shore, but diverted and confused by the abrapt obstruction
of the pier.. The form of the bottom, as shown by the soundings near the south pier, is more.
consistont, with this theory than any other. There is an accumulation of 16 feet on the 2-
fathom line close to the pier, and there is an accumulation of 18 feet to the N.-E. of the end
of the pier on the 4-fathom line, but between the two, on the 8-fathom line, the accumulation
is only 9 feet. 'These two maxima of accumulation, with a minimum between, can hardly be
due to a single cause. It is more probably that if the two muxima had been at a greater dis-
tance apart, the two bhanks would have appeared quite independent of ome another, with an
interval between, in which there would be no aceaumnulation.

922.- On the whole, I think T am justified in representing the present state of the works as
very encouraging. I June and J uly 1877 the north pier sdvanced only 14 feet. The difficul-
tios of sand, breaking seas, and uncertain Weather, were then at their height. In June and-
July this year, at the south pier, with the same difficulties, but with better knowledge of how
to- meet ther, the advance has been 77 feet, while at the norith pier, with the difficalides of
sand and breaking seas left. behind, bub with presumably the same conditions of wucertain,
weather, the advance has been 189 feet. This is more than 1 anticipated ab this season, but I
take it as a confirmation of the belief I have always entertained that the most formidable
diffcultios of this work would be encountered before we reached the 4-fathom line. 1 think
it is also a proof of the emergy displayed by the exceutive staff under very trying eir-
cumstances. :

93. The seuson has been remarkably unfavourable, the heat having been extreme, and it
must berremembered that the European members of the staff are men who, having gained their
speocial experience in Lngland, have gove tor India at a later age than Is usual. 1 regret to say
tha.t”:twbe efloct has been felt.  Mr. Thorowgood was absent for two months from illness, and
has mgain ‘suffered ; since his return Mr. Beardmore was also obliged to take a short leave ofu
absence from the same canse, and a still greater misfortune has occurred in the death, from |
abscess of the liver, on the 19th July, of Mr. John Chicken, the Foreman Mechanie, a very '
valuable member of the staff. His place will be supplied by promotions among the subordis
ates of hig department. - S ‘ »

24, T would request that a copy of this report be forwarded to the Government of Madras
-for their information. : " ) .

-

"

Minute by the Hon’sLg 818 A. CLABRKE, on the Madras Harbour Works.

v When on tour in the Madras Presidency in February 1878 T had two opportunities, withe -
an interval of & little more than a week between, of thoroughly inspecting the Madras Harbour
“ works. This interval was so far important as it afforded scope for further obscrvations to be’
taken of the foreshore, which observations tended to prove that the period was one of quiescenee
as regarded the sand ordivarily in motion. The north-east monsoon had done its utmosl;
" towdrds a.moo‘ohing down the irregularitics in the coast line, caused by the sand brought up and
. yiled,aa 1t wore, ‘agqinst the projecting piers of the harbour by the previous south-west mon-
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soon, The coast line had, in fact, assumed the most favourable aspect that if is likely to
assume, and was then advanced about 250 feet from its original position. -

2. The rate of progress of the work so far might be considered satisfactory, considering
the many difficulties which had beeun faced. The north pier blocks had advanced 485 fect from
the point at which they start from the curved rubble approach, and the south pier 173 feet. As
regards the accumulation of sand within the burbour, it is a matter of regret that the rel.tive

Tates of progress of the two piers are not reversed, as it is the advance of sand from the south,

and not the north, that is to be dreaded.

_ 8. During the lust south-west monsoon considerable erosion of the foreshore had taken’
place north of the harbour works, und I learn that even in the south-west monsoon just con-
cluded, this evil has been considerahiy extended, to the injury of the coast roud at this point.
This is, however, capable of temporary remedy by means of groynes, and is recciving atten-
tion, but, in my opinion, a sea wall (the details of which will require careful Lthought) will be
found pecessary as # permanent measure.

4. Between the two piers of the harbour no less than eleven sewers of different rizes
debouch. Some of these are in constant operation, others intermittent ; and, ag there is always
more or less difficulty in keeping clear some of the openings in consequence of the shifting
character of the beach at this point, the result is most unsanitary., 'This is an evil which will
require prompt attention, and 1 have had prepared estimates for an intercepting sewer, which
are now to hand.®* This sewer will lie within a conerete soa
wall which it will be necessury to construct between the two
piers of the harbour; and ns it will diminish, rather than inerease, the cost of the wall, it will
not entail auy extra cost te the town. 1t being an absolutely necessary adjunct, I must con-
sider it as pertaining to the project, though not entertaived in the original estimatos,

5. I carefully inspected all the arrangements for the manufacture of the concrete blocks,
&c.; and 1 need make wno further comment on this portion vf the worka than to remark that
it has been carefully designed and executed. More space for the collection of wanufactured
bloeky, had it been available; would certainly have been advantageous. '

6. Want of rolling-stock had been a serious hindrance to the more rupid progress of the
works; but this bas been an unavoidable evil, due to the exigencies of the famine, and will, I
trust, have been overcome ere this, The importance of this deficiency of rolling-stock becomes
evident when the scurces of the stoue, of which such large quantities are required, are con-
sidered. These are— .

Ist.—Trittany, which gives granite at #2-0-6 per ton in the yard ; bul it is 51 miles
* distant on the north-wost line, and has been abandoned as being loo far off,

Znd.~~Chinamapett, 36 miles distant, on the rame line, the produce of which quarry ie

' quartz, delivered in the yard at R1-6-3 per ton. This, however, is found

to be too hard for the stone-breakers, and will be discontinued after what is

ready. (about-5,000 tons) has been used up. : ‘

® pide Appendix 111,

3rd.—~Ambatoor, 9 miles distant, and on the sume line of rail. 1t yields laterite, whiok

costs R1-2 per ton in Madras. This laterite is being used exclusively for the
north pier, as base, for protection of foreshore, for surf bank, and partly for
conerete blocks.

4th.~Palaveram, 12 miles out on the South Indian line, which gives three kinds of
stone, vis.—(7) large boulders up to 7 cwt. for foreshore, delivered at R1-1
per ton; (i7) chips of granite, at #1-2, used for concrete blocks and for com-
pleting levelling wp of the base in both piers; (i) small erushed grauite for
concrete blocks at R1-8 por ton.

6tk.~On the South Indian live, and 15 miles from Madras, a quarry which yiclds stone
of all kinds, at #1-1 per ton. ) ‘ -

7. The eement used in the concrote blocks was at first Portland cement procured from
' Englami, of which a large stock was still in hand and being used up, but exceilent cement quite
soming ap to the English standard, and manufactured from inaterials on the gpot, will in
~ fature be chiefly used. This cement is the product of works started by General Morgan not
far from the Harbour works.yard. 1t is made from blue clay and sea-shells, and is some R5
or 6 per ton cheaper than Portland. The shells, which, to secure good cement, must, it is
stated by the manufacturers, be ground unburnt, are s0 much harder than the ohalk yged in
.~ ‘the manufacture of Portland cement, as considerably to enhance the cost of the Madras cement -
- but in many respects the Madras process is so open to further improvements leading to S
‘my that a hope is justifiable that the cost will ere lang e considerably reduced. :
8. The general design of Mr. Parkes’ harbour is one of which, from my fitst knowledge
~ of it, 1 have never disguised my disapproval. 1t was, however, sanctioned and commenced

22} aoros, and the dopth 3 to 4 feet, and the spages were not filled. Taking this,

L
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previous to my arrival in this country, and under such circumstances T did not feel myself
justified in hastily condemning the work on other grounds than the theoretical ones which
had already been advanced, and which required time to test their valud; but the tenor
of the progress reports reaching me from time to time appeared to so great an extent to afford
ground for the fears that had been expressed as to its ultimate success, that I considered it
imperative on me to visit the works and judge for myself. My time in Madras would neces-

- sarily be short, and consequently, with the consent of His Excellency the Viceroy, I deputed

Lieutenant-Celonel Thomason, R.E., to proceed to Madras in December 1877, and collect for
me certain data which I considered necessary to arrive at & just conelusion ; the time interven.
ing between that Officer’s and my own arrival in Madras was therefore occupied by him in
obtaining sections through the surf borings to ascertain the strata ufiderlying the harbour site,
and in collecting information affecting the financial aspects of the question.

9. When I left Madras, my opinion was that in the existing state of the works there was
not sufficient ground for stopping further expenditure on a project which, though faalty in
itself, might still admit of modification to such an estent as to eventuate in a useful work-
More information was necessary as to the effect of the works at a more advanced stage, as well
as regarding the probable cost of any modifications which might be necessary. To obtain this’
Colonel Thomason again proceeded to Madras during the south-west monsoon, and it is on the
agpect of affairs as then presented to him, together with our previous experience, that I now
venture on a more definite opinion than it was in my power to give after my visit.

- 10, From an engineering point of view, by far the most serious difficulty besetting the
present projectis that occasioned by thé travelling sand.  Of this Mr. Parkes, in his report dated
Madras, November 4th, 1873, makes light in such an unaccountable way that it seems only
necessary to quote the basis of his original caleulations to show how very markably the progress
of his works since then has shown their unreliability. : :

11. In paragraph 15 of his report Mr. Parkes says i~

- %1 might quote many instances of groynes, piers, and other obstructions carried out from sandy boaches
similar to that.at Madras, in which the rate of advance has bven rapid at first, but in & few years so slow as to
place the ultimate extension of the sand to the head of the obstacle in so distant a future as to render it pructi-
cally no slement in the question.”

Taking as special illustrations of harbours on travelling beaches, if we take those on the south
coast of England, which are in a degrec only similar to Madras as regards the travelling
of the beach, we find that they point to a copclusion s0 different to that arrived =t by Mr,
Parkes, that the onus probands of what he states in general terms surely in such au argument rests
with him, and not with his critics. The coast of England has the advantage of a rise of tide
oomparod with which that of Madras 1s quite insigniﬁéan{. It is only by force of the great

. risg of tide, which affords scouriug power, that even partial sucecess is secured in England, and.

the case of the narrow channel of the Suez Canal, once alluded to by Mr. Parkes, and the only
one at all comparable with Madras as to tide, is so unlike it in mamy essentials, that reference
to this as a case in point is rather difficult to understand. :
12, But the real data on which Mr. Parkes bases his calculations are found in his para-
graph 17, from which I quote as follows :— . :
. On one occasion, 1857, an estimate was made by Captain Rawlins, the Engineerin charge of the groynes,

of the’ quantity  of sand acoumulated in & season by the groynes in front of the fort and by that opposite the
light-houss; as also those opposite Messrs. Arbuthnot’s and the Custom.House. The area was in the aggregate

24 a0 thevefore, as 8 measnre of the
quantity of sand which could be arrested in one year, I found that in order to fill in a triangular area of similar
form between the coast and a pier extending 1,200 yarda from shore, a period of 180 years would be required.”
That Mr. Parkes committed a fatal error in assuming such as a correct measure of the sand
brought up in one season, is abundantly proved by the light of subsequent events.

- 13. The longest groyne of all those mentioned hy Mr. Parkes projected 400 feet from
DeHaviland’s bulwark. On Septomber 10th of the current year the south picr had advanced
547 feet from the end of the curved loose mbble approach, or nearly 1,000 feet in advance of
the longest groyne quoted by Mr. Parkes. At that date all work was stopped (notwithstand-
ing very calm weather), owing to an accumulation of 10 feet of sand at the pier head, In
addition to this, there was a distinet line of breakers 250 yards long, exteuding between the
south piet head and the iron pier head in the centre of the harbour. We could not have clearer
iproof ok the fact that even yet we have not any true measure of the quantity of sand brought

. up,ir one season. We have not even yet headed the sand, although during the current year
(during which alone the 547 feet of block setting in #he south pier has besn carried on) the

piwgrom of work on the south pier promises to be nearly double of what it was at a correspond.
iing stage.on the north pier. ) E
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'

14. I do not question our ability to head the sand eventually. It is more than probable
that we shall, though it is impossible as yet even to assert this with certainty; but the error
in the most impoftant element of Mr. Parkes’ calculation stands proved is so glaring, that the
necessary correction almost seems to extinguish the life of his harbour. It would of itself
certainly justify the stoppage of further expenditure; but 1 have been anxious, in the first
place, to see the fullest justice done te Mr. Parkes, and in the second am strongly of opinion
that though his own plan may not achieve complete success, the work that he is now doing

may prove an important step towards modifications yielding better results. The importance of

a harbour at Madras is far too great to justify tho abandonment of the scheme at the first
check. The work, so far as it has progressed, seems to point to the necessity of having the
harbour detached and the system of construction adopted by Mr. Pavkes, well tested as to
strength at Karachi, is one that admits of comparatively easy modification by the mere trans-
position of his material, the expense of the manufacture of much of which represents so large
a portion of the total cost of the whole work. o

. 15, My experience of the harbour at Malta, the unsanitary state of which is entirely
due to the absence of a current through it, shows the necessity for the correction of this evil
in Mr. Parkes’ design; and the remedy admits of so much easier application to a detached
harbour that this, of itself, is an additional reason for such alteration.

16. The entrance to Mr. Parkes’ harbour, presenting two arms directly at right angles to

the course of a ship on entering, is one much condemned by seamen. The geuerally adverse
opinion to this feature of the harbour is strongly confirmed by Admiral Bythesea, the profes-
sional adviser of Government in such matters, whom I have consulted on the subject. As re-
gards the entrance, the opinion of sailors, headed by Admiral Bythesea, appears to be unanie
_mous in favour of a double entyance, or rather of two entrances from opposite directions, the

course of the entering ship being parallel to the coast lines. Failing this arrangement, and

supposing only onc entrance allowable, their opinion leans to one formed by the north arm over-
lapping the south. 'This, though easier for navigation, possesses the great disadvantage of

encouraging the ingress of sand to the harbour. This question will receive due consideration

in my review of the different proposals for modifications.
17. But there is perhaps no part of Mr. Parkes’ scheme, of which those who will be ex«

' posed to its dangers more unanimously disapprote than his system of mcoring. Mr. Parkes,

in his plan, shows 13 vessels swinging in cireles, and 3 moored to the present fron pier. ”Ad'.
miral Bytheses briefly condemns this arrangement as one “ conrting disnster in a oyclone.’

18. This question of the method of mooring & closely counceted with that of entrance to -

the harbour, aad it becomes necessary to. consider the two together, M. Parkes in his para-
graph 57 says of the arrangement for two entrancos— : o
*The one undisputed disadwigtage is that, inasmuoh as n anfBaaent space must be kept clear in the neigh-

"bourhood of each entrance for ships to briug up alter entering the harbour, the spese requred for the second
entrance would bo Jost as mooring ground.” . ‘

In other words, Mr. Parkes considers that the arrangement as shown by him 18 the one most
economical as to harbour accommodation. Here, again, the opinion of seamen 18 dwegﬁ]y °PP°99_‘1
to'his, It is to the effect that, supposing, 13 ships to be moored, as shown by Mr.” Parkes, it
~would be mnext to impossible for another ship to enter by a single éntranqehwﬁ'_houf‘ foulmg" one
or mare of those riding at moorings, the very nature of the entrance neoessitating extra Wld'cb,
as well as length of berth within the harbour to enahle a ship to bring up ‘Y_“’h safety. It is
quite open to question whether the disadvantage of “a sacrifice of one-fifth or one-sixth of
harbour capacity * for bringing-up ground, alluded to in Mr. Parkes’ paragraph 58, dmfs ot
lie rather with his own single entramce, as shown, than with the double entrance to which he
_imputes it. ) . ., ' .
©19. On the subject of moorings we cannot but be guided in & great measure by the
{ 'opinion of those who have mide a sea-faring lifs their profession, and this being almost

S Ut
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tside the first (instead of inside it) would have to be constructed under the same, if not greater,
tural difficulties than the first. If such is to be the arrangement, it should obviously have
seived more consideration in the first instance ; and assuming the interior accommodation to
_just sufficient as it is, it would have been better to have placed the north and south piers
rther apart, and laid the second lines of blocks within the present piers, which would lhave -
lowed of the quays being construeted in still water. '

21. T do not, however, think that want of accommodation is one of the charges that may
irly be laid against Mr. Parkes’ barbour, provided the depth could be maintained, and if the
her objections, to which I have alluded, could be got over. There is within the bharbour
nple space for quays, and no doubt these, having been proved to be necassary, would have been
aced in the most advantageous position by Mr. Parkes. Wharfs, however, form such an
tegral portion of any harbour which would be of real practical value to Madras {either for
ipping or refage purposes), that I cannot foillow his example and omit such an important
smnent from estlmates showing to what expenditure we stand committed.

22. It is not easy to follow Mr. Parkes’ figures in his last report, in which he lays cluin

considerable saving over his original estimate. Colonel Thomason has, with Mr. Thorow-
10d’s assistance, gone carefully into the question, and comes to the conclusion that, supposing
e work to be carried into completion according to Mr. Parkes’ designs, the eventual cost
ould probably bé R61,99,615, or 'R3,48,225 in excess of Mr. Parkes’ original estimate,
onsidering the many elements of uncertainty in such a work, and the variations in exchange
nce the first estimate was submitted, I find notbing in this at which exception need be taken ;
1t; a8 I shall now proceed to show, this represénts but a fraction of the expenditure which
ust be incurred before Madras possesses a harbour of real practical value.

23. ¥ cannot, I believe, do better than introduce here in extenss a memorandum prepared
y Colonel Thomaeon in personal consultation with me :—

Memorandnm‘by Lieutenant-Colonel C. 8. Thomason, R.E., on various projects for a Harbour at Madras.

© .% Thescheme which has received the sanction of Government is now in such an advanced stage that much
“what will be here discussed may almost teem superfluous, more especially Projects 1A and 1R (Fig: 1, P1. 1I),
hich virtnally amount to an entire abolition of what has already been achieved at great cost in the face of great
stacles. It is almost needless to say that no such proposal is contemplated, the object, according to my in-
ructions, being rather to interfere as litile as possible with the original design. In order, however, to deter.
ine the estent to which such non-interference can safely be vestricted, it is mecessary to view the question
om every possible aspect. The expenditure to which Government already stands committed is a serious one, and
eing how rapidly the foreshore has now advanced in accordance with the expressed anticipations of the opponents
'the present design, some justification seems called “for when the policy of non.interference has been carried to
ich an extent. : .

“The fact is, that the author of the present design himself foretold & rapid advance of the foreshore in the
st stages of the work. In comparing the present stute of the harbour and foreshore with the plaus originaliy
ibmitted, for the purposs of showing the accommodation contemplated, it is evident that the anticipated acreage
"the harbouwr has already been seriously encronched upon; the inference, thercfore, that the prosent state of
Tairs is not so tavowrsble as the designer hoped, cannot be cunsidered an unfuir one.  Tle crigival caleulations
+ to the probable life of the harbour bear evidence of Laving beeu based on insufficient data.  As the work pro-
resses this beoomes morg and more avident, and until the south pier has advanced at laast so far as to head the
ind advancing from the south und thereby affard some clue as to the axtent of this evil, all projects for a suc-
ssful harbioor in such a ituation as Madras-~cne without precedent—must be more or less speculative,

* It iz a favourable fepture of the prosent design that iwportant modifications may be eifected by a simple
ansposition of material : should it therefore not prove as groat & sucesss in its present form as was once hoped,
by no means follows that the axpeuditure incurred Liss been a profitless one. The experience now gaived was
* at the dispossl of the author of the design in the first instance, and this will, I trust, be held to justify any
ticisms that I may now make. ' '

“The preseut‘up@cis;of ‘wffaire at Madras cerainly points to the necessity of some futare imporfent modifi-
dions as being mots than prabable; it behoves us therefors to consider, according to pur present lights, what
irm such modificativns sre 1ikely to assume, what prospects of success they hold out, aud what will be a safo
timato of their cost. 'Thess considerations alone will acoount for the embodiment in this memorand wa of snch

tojects as 1A and 1B (Fig. 1, P1. IT). Such radioal changes of design may not, and we may hope never will be,
zoessary ; but they ave the result of much clomo observation, present many new foatuves of the case, and will not
aout of plase if here recorded. ¢ :

unanimous against the arrangement first shown by MF. Parkes (which, I may also note, places the
amount of accommodation such a system affords in far too Pavenrable a light, as ships could

.. ‘ot possibly be moored with such short lengths of eable), it remains next to consider Mr. Parkes’
“alternative. ‘ S : L o

g 20, In paragraphs 44. and 456 of the same report ‘quays are alluded to and proposals for
- e future are discussod, . As Mr. Parked regards this part of the question in the light of a
: “mpd step” for, futare. consideration and not -entering into his estimate, it is scarvely fair

. % Report o ".,"f'v,‘-ancts Nos, 14, 1R, and & for Madras Havbour.
« In a letter dated Beptember 161k, 1878, Mr. Thorowzood writes as follows :—

. ielosely to eritidiss’ thé arrangement he shotws ; but X must remark that-the quaps formed ¢ by ** The sand at the south pibr fs now 10’ deep ; at that depth L cen do nathing ¢ it beats the uorth pier in 1877,
unbther similas break-water at o distalloe of, say, 100'yards from the firet aud parallel to it N “;3,} A‘?thefﬁmﬁ the wbore was written, the purport of whish is in esact accarfavce with my owo persosay

it % ¥ ... % the gpace between: the two parsilel piers being wholly or partiady ,',“: DS “h f“:n "3}: 8 proviously, the south pier block setting had advanced 647 fect begond the curved lovse
""filled jup,” hardly appears to' be an economical arrangement, as the second’ break-water -shown ki i et srosthors alome ppciathom woter. When 1 saw it, a distinetly marked Jive of surt was

. reaking (in calm weather) along half of the distanco between the exireme poinis of the south piev and the iron
i : . . . » . . . . |
: ‘ L - o ,l’ : . - N . X

B E ’ . " - B Pl
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74 : CONSTRUCTION OF MADRAS HARBOUR.

pier in the middle of the harbour, taking it roughly, n distance of 250 rards.  Such being the facts of the vase,
it is evident that even yet we have no true gnuge of the amount of sand brought wp by cuch south-west monsoon.
1t is something very gonsiderably in excess of what the present south pier is capable of arresting.  How mnch
in excess, no one can say, and under such cireumstances it is impossible to place any fuith in the copstantly
diminishing estimates of the Uwe that will slupse before the foreshove will reach the mouth of the harbaur, which
Jiave hitherto been advanced by the designer. The evidence before us cortainly points to the coneiusion that
this rerult will be attained vory much so maer than he anticipated. 1 hope Ty prove wrong in thus prophesy-
ing, but having such streng convictions on this head, some justification seeins necuzssary for my having hitherto
refrained from giving expression to them.  The fact is, T believe, that Mr, Parles is helping us materially in
solving the problom of u Madras Harbour; but that the successtul harbour when completed will in plan at all
approach Lo the present design appears to me improbable.

“3. The first thonght that wust strike any one seeing the action of the ocean on the Madras Coast mnst be
tlie forer that nature is constantly bringing to bear. There is foreo enough, and to spare, there to effect anything
within our requirements, be it the transwission of the san |, oranything else; and the first objestiou that would
strike an observer to the present scheme would probe bly be, that instead of attempting to utilizv this furce 1o
puss on the sand, there has been abruptly epposed to it, where it would be most wsetut, an obgtucle in the tovm of
a very efficacious break-water, the strength of which hes already been well tasted at Karachi,

“ 4. X the harlonr is in any sense to be a permancut ane, the conviction that it must be detuched from the
shore, us has all along been contended for by Bir A. Clarke, 1s one that counld scareely fail to obtrude itself on

the mind of any observer of the present state of wiluies  How far it should be removed, und what should be ity

3

extent and form, are not questions that vecd be answored altogethor empivically. .
“5, Ax far as we can juipe, the sand under ordinary circumstances is not much in motion beyoud the

4-fathore line. It is tene that @ beavy sea, whether dne to strong local breezes cr a ground swell, will often -

diseolonr the wuter far beyond the A-fathom line, and the water 1s often seen discoloured far from shore without
any apparent reason ; still the evidence of divers goes fr to prove that the disturbing influcnce of the waves on
tho sen bottomn does mot to an appreciuble degroe’ extend beyond this &-fathom line.  This, therefore, muy be
accopted o8 a sale limit for the space Jutervening belween the shore wnd harbowrs it may, 1701'3‘1?[»', even le
slightly encroached upoun with impunity provided the form of tba inner fuce of the harbonr be modificit as noticed
hercafter ; but it is essentizl that the waves be aliowed the freeat action possible befween the hathour and shore,
A certain umount of their foree must be fost—absorbed by the harbour walls —in order to procure still water
within the harbour; but there shouid still be an ample reserve to carry the sand well past the eoniva line per.
pendicular to the shore, and the furm of the barbour should be sv desizned as to envroach vu this vesurve as little
as possible. '

6. It becomes the more necessary to conserve this foree of the waves, bevause ut Malras, as far as we ¢an
. The tide ebbs aud flows Within limiis only

jndge, it is the only furce of any practical importance at our disposal.
ot ’ * v ! dy as that adopted by Smeaton.

little over 3} feet measured vertically, which places out of tht queation i_xqch a remedy
“against the shoaling up of the Ramsgate Harbour, namely, the reservation of a certain
as a flushing rnsermirt—.u mensure after nil at@mlad wit,l'm but pax.'liutl s.uc(‘nsu__ L astour of Boulugne, which

“ How nocessary it is to secure some scouring Force is well Il‘.llsf!z\!ﬁd in the nrbo O e
uot only enjoys a considerable rise of tide, but has also a vuluable adjunct in the Rw'ur Ll.unie, w ‘Lq, '1.1 ;:
having too small a dischgrge for permanent scour, i of great valve in filling the seouring reservoir.  Stul, note

IR e ¥ 9 K s S clene the mouth of the Boulogne
withstanding these advhotages, we know tho difficulty thers is in keeping clenr the o
Harbour, '

“7. Added to all these disad rantages, Mudras scems to be peculiarly wantin
pn hour is the maximum with which it can safely bo credited, and eveun that appenrs to
wind, und considerably weakened ua the shore is upproached, where it would be useful. 4 '
experience in both mongoons, L tannot say that I have ever noticed a current of anything like .3 wiles an holur,
nor have I ever noticed the ships riding any way but head on to the gentlest of breezes, from whichever dircction
they may be blowing. ) )

8, The waves thon being tho ounly reliablo agents at our disposal, it is impossible to study their action too
closely. It will be noticed iu one of the esigner’s entlisst veports how fally alive he was Lo the fuct of the s&fl\d
being almost entirely wawe.borne, and, knowing this, it sesms difficult to acoonut for his baving made encmick,
instead of friends, of the waves. .

-“9. How these waves transport the sand is most clearly recorded by varied marlfingu on tha sand at
. , different points along ibe shiore. Photogeaphs of thesy narkings, and
Appendiz IV. and sheel of phatographs. 1y notes thoreon, will be found in Appundix,® and I will here coufine

« in local enrrents. Threo wiles
be entirely dependent of
Speaking from persoual

myself to the general deductions therefrom. :

“10, Observations on the waves during both monseons appear to prove that in the sonth-west. monsoon, the
»strike’ {spealing geotugically) of unobstructed wavos, i.¢., the line of their crests, approaches the shore in oue
way at & maximirﬁ\angle F aboat 30° with the foreshore, und in the north-east monsoon 30° the reverse way,
wide Fig. 1, Pl. IN Tt is when this angle is at 8 maximumw that the sand travels fustest down the const in the
north-rast monsoon, and up it in the south-wost wousoon, As the monsoons chauge, the waves veor round, nnd
for some time come dend on to the shore, when the sand ccuses to travel. Obstacles in the form of groyneg also
lacally produee the eflect of changing the bearing of a wave's crest. For instance, vide Fig. 2, Pl [, when the
waves apaapproaching at the angle of 30°, supposing a portiou of the shore, as from ato b, to have ivg hearing to
be so changed by a groyne as to run roughly porallel to the crest of the approaching waves, marhings iu the
sand al this print will be wanting, and the sand will nut travel there until sonditions arc changed by the constant
action of the waves telling first upon thé most advanced or the maost. retired portion of this wbnorwal stretch of
foreshore aceording to circumstances.  From this it would appear that had the harbour piers, vide Fig, 3, PL. 1,
instead of being run ont perpendieular as 6 ¢ ond € Fto the fureshore, been run, the south pior parallel to the
erests of south-west monscon waves, and. the north pier parallel to the ceust at the north-east mousaun wares,
when approaching the shore of their masiminm angles (as shown by dotted lines & Fand g ¢), the sand could int
bave travelled along these fuces until the angles ¢g 7 and 4 7 betwesn the piers and the Foreshore were filled
ups aud, yecondly, that these angles could not huve filled up if the pier (or mather, in that case, harbour

4

portion of the tidal basin ‘
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uu:zll.v), instea‘d of starling from. the shore, had been so detached as to allow frec scope for the action of the waves -
without wasting their force, as shown in Fig. 4, I1. 1. How this might be effected will be considered presently;
but so far we scem to get a clne to the proper lie of the face of the harbour. This reasoning, if right so far,
would tend to show that the two closing arms of Mr. Parkes' harbour, instead of running p;x'nlle] to tbn:foreshore
asa b and e d. ¥ig, 5, PL. I, should be inclined at 30° to it, the south arm paralle] to the scuth-west, and the
x}orth arm parallel to the north-east monzoon waves when at their maximum inclination, awording to the dotted
iineg @ » and fe. Reasous for modifying &bis in practice will he given further on.

“11. For facility of constraction, an ungle appears preferable to a curve wheve the piers begir to converge to
form the front of the harbour ©

*¢12. Flaeing aside, for the present, the question of detachment, the harbour now under construction would
thus far only be modified to the exient of being angular instead of curved where the piers take turns to form
the face of tho harbour, and the two arms forming the face, insteatl of 'being parallel to,the foreshore, would in
different directions be inclined to it at an angle of 30°, the space betwsen their extremitios forming the entrance
being 480" wide, as before. Fig. 6, PL. I, shows ihe harbour as wodified thus far.

*“13. The entrance, as fived at present, iy almost universally condemned by pautical men; and there is
reason to suppose that the designer himself intends to re-consider it. Thet at which we have 8o far arrived in

- Fig. 6, ?]. I,_xs but o shade better. A single entrance always must be s difficnity, as it always has been with all
its mo@lﬁc.atwns.az Raresgate. There is a good reason why it should be a still greater one at Madras, for there
it is quite impossible to say from what point within 180° the strongest wind will blow at eritical moments, The
gales differ entirely in theiv character from those prevailing on the English coast. To use the words of Captain
Taylor, the Master-Attendant at Madras—¢The only gales st Madras are cycloces.” Such being the case, two
entrances appear to follow, the safest course for ships entering heing ane parallel to the shove. To clns’e the
single entrance, and provide two entratces where it is intended that the piers now under construction will carve
inwards, would sccure this.

“14. Supposing still that the north and south piers stand as desigued; if a single entrance be also adhered
te, in order to satisfy nantical men it should be formed by the northern arm overlapping the southern one, as in
Fig. 7, Pl I Bot the sand travels up from the sonth, and the harbour in such case must betome a silt trap
worse than with the entrance as already designed, where there is every chance of a great deal of the sand beiné
c;}med past the harbour mouth without entering it. The most promising modification of this form of the north
pier overl.app.mg the'sngth‘ls, perhaps, that of the north pier being carried straight out to ses, the east-face of the
harbonr inclined at 30° with foreshqre line, and the north pier terminated at the prelongation of this harbour face.
The. entrance between the north pier and the esét face of harbour would be 450" wide, as before. This will b
considered as a soparate project, involving the minimum of interference with existin tiesi n, and is illust terf
in Fig. 3, Pl. 1L B Tomah, e

“15. On the other hand, if the entranca be formed by the south arm: overlapping the north one (vide
Fig. 8, PL. I), ships must enter from the north-east, the direction which of all others seamen look upon as the
most awkward, .

“16. Many have argued against the duuble entrance arrangement as tending to increase dgposits within the

harbour, but their arguments seem all to be based on the supposition thut sand must be travelling at the
entrances, or that the square connected form of harbour is retained, which in process of time must advance the
foreshors to such an extent as to lead {o that result eventually, -«
o 17. Tn one of his eatly reports, Mr. Parkes, while maintaining that sand e an uppreciabla extent is not
travelling in water of such dupth as is found as the curves, admits that the diminution of depth (with Lis designy
is sitaply a qnesiion of time, and thera can be no doubl that the life of a Aquare conniceled harbeur would uhé
much shorter with the double than with the wingle entrance  If the reasoning for the modifiontions herc adv&'
eated aceording to Figs. 1 and 2, TL T1, is correct, the sand will here travel with little or no obstruction pagt
the sast snd west centre Hane of the harbour and Aetween the harbour and the shore. and the foveshore t»herefure-
cannot advance. Tt will, therefore, nevor affost either of the two entrances proposed, aud this sretiment againg
the double entranee thus falls to the ground, It will ba seen, wmorcover, thas ths centre lins of tha cntmnc:
chaonels biscets the modified harbour under discussion, and whatcver corrents may pasx through it natarally, or
may be conxed through it artificiaily at various points (which could be easily offented), buing of clesr wafer w:o,uld
tond to kecp sweet the water within the harbour, and thus remove one of the great objections to tha S&l;::‘ioned
deeign, the impounding so great an axtent of stagnaat water covered with ships at anchor. . )

“18, Fig. 9, Pl 1, illustrates the modifioations, including the two entrances thus far #dvocated, and it will’

" Do obusrved that the eastern portion here proposed for the harbour is in fact an entirely detached break.water-

Having no connestion with the shore, no object will be attained by providing it with y v jonti
- with shore when Tecessury will ‘be maintained by means of boats, V‘Zhi}:)h, owing‘ to thet el;iv:’i:;fcs‘ oﬁlzmmlwﬂtmﬂ
break-;vgte'} ﬁectibu. asttiztedﬁn(; Karachi, would always traverse still water. v ¢ spproved
19, The waves at Karachi have been measured 14 feet from trough i
M.r. Chisholm at Madras in the 1877 eyclotb was 10 feet. The u.sau.lfpﬁ?:ﬁert?z;e?:g o i
will sufﬁpe.for the Madras brenk-water, appears admissible ; but behind this bx,'eak-water’
wha:t modified, o {which ships conld be safely moored fore and aft, appear safer tha;

having them swinging at moorings. Of the proposed harbour with two-entrances th
channels would be a harbour of refuge, and one of fair capacity .
be prolonged pfmllle] to the shore to further protect the entr;m;:e
sucl{ froloné;t.lo? ‘heing de{)](;?ded on ?e form of the remaining half of the harbour, which it js proposed next to

consider. for eavingy this part of the subject, howover, T would n + . ) i ‘ .

b;:euk.wuter 15 one that is open to considerable modification in detail(:;t,e zt»:‘;j a]:-iaf:g;xn};?:;?fwdo“:in t{ mdtl'w
Fig. 18, P'I. I, and proposed for adoption in the projects illustrated dotted in Figs. 1 and 2, Pl AI‘I‘ to teh' ok
u“us:‘q;o mIll be 1mad'e hereafter, a8 we are at prosent dealing rather with main principles than ’deta;ilé. > o ek
he . r; P m;mling the portion of th‘a harbonr within the entrance channel, the main object had in view is
conservation ot the wave power, on which alone we can depend for keeping the harbour free from the influence

‘of the iravelling sand.. This is by far the most important part of the whole design, and it becomes necessary to

ghest ohseryed by
that the Karacli section
Jettios of & section sonie.
n the present proposal of
ortion east of entrane
The flanks of the break?water (shore eand) wzﬁis
as illustrated in Fig. 10, PL I, the extont of

‘\‘e:pln.invan fuliy as possible the principles on whickh it is based,

K1
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“21. During the north-cast monsoon, when standing on the nerth pier at point @ (Fig. 11, PL. 1), I was
partiewarly struck by the behaviour of the waves then rolling past the point of the pier which they were ap-
proaching with about their maximum sand-frausporting power (which I have asstmed to be when the angle
between the Jine of the wave crest and the shore is 30°), on reaching the pier, which divided it into twa sections.
The left or seaward seetion most markedly advancing, ‘left shoulder forward., Tt regularly wrapt round the
pier head, and striking the shore romething like a south-west monsoon wave, created an eddy in the angle
formed south of the vorth pier by the pier aud foreshora. OF this theye cannot be any doubt, for the record of
this eddy is seen in the accompanying photograph of the sand markings at this point. Of the bebaviour of the
right section of the wave I am not quite so sure. I s under the impression that it continued ite progress
rather with a tendency to right shoulders forward, and the photograph of the sand markings rather confirms the
idea, the angle between the *strike’ (speaking geologically) of the wave 161°, and the general bearing of the
sonst line 196°, heing (196°—161°==) 36° instead of 30°. Had the pier been longer, it is probable that this rectivn
of vie wave would have wrapt round the pier, or ¢ chunged front” a good deal mwre; in other words, that the
angle of approach would bave Leen a good deal more even thau 85°.

“ 22, Let us imagine, us in Fig. 12, PL I, a full south-west monsoon wave striking the somthern portion of
the bresk-water, as here laid down. Supposing there to be no flunk to the break-water, the wave wolild come
dead on to the southern porlion, bub the southern half of the break-water would divide the wave intv twosectivos,
the seaward one of which would advance right shoulders, forward beyond the break-water (as the seaward sectiou
of the north-east mousoon wave i iast paragraph advauced left shoulders forward), and when passed tho break-
water, the angle between the ‘strike’ of the wave and the coast beuring would be u good deal Jess than 0%,
The behaviour of the lundward section would be noslogous to the right section of the vorth-east mongoes wave
of the last paragraph. It is probable that it would ¢clange front’ fully to the extent of 50°, the waximunr of
our requirements,

423, As the most nnfavourable view, lot us imagine, as in Fig. 13, PL. I, that this lundward section would
not change front at all, but ndvanceffp the shure exactly as if there were no break-water. From the extrewe
end of tho break.waser flank if a line @ i be drawn porpendioculur to the strike of the wave, it would meet the
east and wést ceutre line and foreshoryaa little in advunce of the starting puint b of the pier, uud.if a wull were
sonstructed along this line, the wave, in tolling along it, would be subject to una greater rednotmu‘thw that
caused by the friction of the wall.™Whatever sand was in motion would be curried with the {ull force of the
wave to the starting point b of the pier and deposited there; for the best of roasons, that there is no rovw for
it to pass, .. i

“24. Let us next suppose, vide Fig. 14, PL. I, the angle with tho strike of the wave subtended by the shore
to be increased from 90° to 120°. The line which pefore cut the east and went centre lino of the harbour l;;ﬂr
the start of the pier would now cut this line at  about 700’ in advance of the pier head in 6}-futhom '."t:r‘. n »
wall be constructed along this line, with the necessary opening into the harbour, this would be o:a zt : ; ::“::
faces of the portion of the harbour first proposed here for construction, Tho wave, in parsiog the r:“b ao)
flank, would be subject first to reduction due to the opening into the barbour (roprescnted, let us n;!,el;?o;alyyto .
which is unavoidable; but nnce. past that, it would be confined by the inner wall of hlfb‘{:"'- “Lr-l than mads
reducing angle of 30°. Whai power the wave would thus lose in one way would prabably Ilnr ¢ acale (in the
good in another, for it would bo entering & coustantly narrowiug chunnet which wo know on 4 :n:‘r“‘“ the foree
Hooghly river, for iustance) so concentiates it power uu to crente a bore.  1f this f"unn,;"g h; ich it'i; intended
of the wave -would be sa far incressed as to render absolutely necessary the ses wall d o w.‘l;er fm" ourrying
under any circumstances to construct along this portion of the foreshore containing the xnglll }'ﬁ“cp..tre line, with
off the town.drainage. It is anticipated that the sand will bo carried with such foree past t 1'18 e (.,f e
the help of whatever current there may b, 8s at least in & great measure to be transported Leyon
barbouy, o . .

' “25. Project 2 (Fig. 2, PL. I1) shows how a short extension of the bronk-waler would admit of ane ao. of
wall (like the firss to be & wharf wall) running purailel to the first, thereby ndmitiing of o very gm‘} ‘;“.nn'p\eht
harbour acoommodation, without bringing the harbout itsel nearer to the foreshore than the Lead of the 1 ' '-“ .
pier, about ths limit at which the aand is gencrally in motion (o any appreciable extunt. There wuuh_l- provatay,
eveu with suoh un extengion of harbour accem modation, still be ample room for the whole of the sund in woetion 10
pass between the shore and barbunr.

“26., The northern bsH of tha harbour would, of courso, bo symmetrica
the north-east monsoon to pass buck the quantity of sand due to it . o

*27. An ohvious modification of the entrauice @ c of Kig. L4 PL I, to suit the break-water portioa illugtrated
in Fig. 10, PL. I, i showo in Fig. 185, PL. 1, where the eatent of the pmlongﬂt"““"\‘”“““d s P“"‘g{""l‘h 19is
determined by the prolongation of the alignment of the inner harbour W!uﬂ- »lllf senward portion "_f the
harbour would be diseopmected and devoted primacily to the protection of shipping in foul wenther, the inver
vortion being connected (hy means of an open picr) with the foreshore wnd used for wharfuge, both postions
being provided with jetties, &e., for extru nccommodation, 14 wilk be observed that ihe harbour thus derigued iy
a disconnecied one with two' entranees, (rouglly) diamond.-shaped, with & major axis lying parallel to the shore,
«hout doubls the miror oue perpandicular to it, ns opposed to the present design, abutting on the shore with ong
opening, and roughly squam in plan. The harbour now in progress presents a tull side as an abrupt obatacle to stop
the advancing sand, whereas the proposed muodification presonts the ucutest nugle of an elongated figure to

aks it.
d “28. T wonld here call attention to two caeor (0n 2 small seals) illustrative of this new principle.  One in
the wreck of the (mrereshie atranded beam on close to the fort. It will bs noticed that there is always water
betwesn the wrctk and the shove. Aguin, durivg the late famine ctisis, the Delo of' Sutherland, one of the
longsteamers of tho Diesl line, got ashore in the same way. Esc-wittioses aflirm’ that the sand mpidly
advishoed slone b hor, but never raacked Aer.  Thern wis slways 2 deap, though uarrow, shanncl of water between
the ship and the shore, nfid sBe was eventualiy goi off.  Doth these are, in 2 amall way, inatanees of the principle
of preseniing the acuto angls of an elonguted fignure Lo the run of the sund. Tha run of the ships’ lines ig
speciaily sdapiod Lo pass waves with the stualleet amennt of friction. and the result wimld probtably have been
different had the shps been. of uniferm rectangular section throughiont. A greyne may be tuken iy be un illuse

nother Inger

1 with the southern, and thus eanbl

, Harbour wall thus placed), if not to strengthen, at any rate to maiuta

" vigo—-

- ‘nbw to show how this may be done.
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tration of that involved in the present harbour, and for the sand to head that is, as far as we kuow, simply a
question of time. .

29, Bat if, under conditions obtaining at Madras, harbour walls connected with, and guuning perpendicular
to, the foreshore are ubjectionable, it appears to me quite an open duestion whether the mere detachment of such

-walls from the shore, as in Fig. 16, PL 1, will be an effectnal remedy. Ou the other hand, the presentation of

too acute an angle, as illustrated in principle in a simple break-water ruaning parallel to the shore (one of tha
first proposals for Madras, and shown in Fig. 17, PL I), need not nccessarily have rewained detached. The
angle of reduction of the wave's foree, instead of being 30°, as in modifications now under consideration, woald
have been 60°, there would have been no narrowing channel to receive the in.coming wave, and it may be vpen to
question whether the force of the waves would have becn sufficient to tell with. effsct to point @ within a distance
of 200 yards of the east and west centre liie, or even so far; or (supposingithe break-water to run roughly north
and south) past an east and west line of' 800 yards north of o, the southerL extremity of the break-water. Ina
similar way the north-east monsoon waves might have been ineffective beyand point & on an east and line & ¢
800 yards south of the morthern extremity. Mr. Robertson’s (or perhapwrather Colonel Orr's) break-water was
to rave been 2,000 yards long in 7-fathom water, so that between these two east and wast lines thero might have
beent & stretch & & of 400 yards of still water, and if so, the whole of the 400 yards would have silted up,
aud before long the shoal would bdve extended out to the break-water. The break-water would have been in
fact, uccording to this supposition, tao long for its distance from shore; and if there is not uuder such ciressn-
stances some such fender as project 1A (Fiy. 1, Pl II) provides in its inner wharf walls a b @ ¢ of Fig. 15,
PL 1, to prevent this accumulation of the saud in the form of a spit from the shore reaching the break-water
reach it must sooner or later. ; '

*30. Mr. Robertson at paragraph 61 of his report says—*1If there is such an jimmense guautity of sand in
motion on the shore of Madras as to'be beyond the power of control by groyves or othermise’ {Mr. Parkes himsel ¢
acknowledges that the sand must eventually prevail), *then my opinion is, that even a break-water will not
succeed. It would still the surf, and thus remove one of the two uagunts which move the sand, aud 7 do not
think if will have uny cffect in strengthening the currents. The itulics are my own, i

and this is the only point
whero Mr. Robertson and I are at issue, for I think that it is poss ¥ point

ible by the means here specified (the inner

_ . . ; in, suficient force of current for all practical
parposes. I agree with him that a simple hreak-water would not have this effect, ¥

3L ‘It is quite possible that even with the modifications here suggested there will be heavy deposits to
leeward of the harbonr, .to the north-west of it in the south-west monsoon, and to the south-west of it in the
‘ncry.tl.)-euf}t monsoou. There must \be such, for afber the body of water has passad the cust and west ~cent‘re liuo’ it
will impinge on the sea wall, bo reflected back, and will meet with couuter-cuurents causing eddies, and therof:un‘
to some extent shosls: but it must be borne in mind that owing to the ° wrapping rownd’ a4?bi<;|1' of the wy
in passing the obstruction of the harbour, alluded to in paragraph 21, the area :o leeward of harbour fr‘ ::\fes
wave action would be comparatively small, so that much of the sand would be esrricd pnsc the ¢ hif‘ch o con.
tinue its course northwards. What rewained need not prove objectionable, as the :
it away, provided « deey chanvel wero left on the shore side of the inner harbour
stranded Tnovcreshie und Duke of Sutherland, alluded to in puragraph 28,

32, 1t can =carcely be cousidered as a principle involved, but it certainly is a vesult, and a very important
result, of the (orm of construction here suggested, that none of the wharf walls can be exposed to the.direcf action
of violent waves. East of the gntrance channel, as unoted in paragraph 27, is devoted ntively to haxbou.r of
refuge, Noue of the vessels moored there will be moored broadside on to the break-wate., tut to piers projecting
inwards from the break-waters shown in Figs. 1 and 2, PL I1, and will thus lie end on to the approaching wavez
tho force of which before reaching the ships will be entirely destroged as we secat Karachi. West of the entrance
chanuel will be devoted to wharfs and piers, each affording the accommodation of four lines of ruil {with cross-
ings, &c.), converging on the bridge, in the centre, connecting the harbour with the shore. Tt is not thought
worth while at this stage to prepare detailed plans and estimates for this bridgs, but liberal allowance has been
made for it at a rate per foot run on dnta kindly furnished by Mr. W. C. Furnivall, The piers supporting it
should, of course, be ns open as possible in order to prevent the smallest obstruction to the waves passing under if.
* 33. This arrangement affords many advantages over the singls entrauce harbour now under construétion,

. aud con.
cnenlng monsoou would clear
wall, as in the cases of the

* Ist.—A long straight run to an entering ship to bring up in. )
* #nd.—Choice of eutrance according to the prevailing wind and weather.
* 3rd.—The smullest possible waste of spave within the harbour, and consequently maximum of aecom-
© modation, - :
“ 4tb.——Great»aafety to the sbips in the harbour.
“ Sth.—~Every possible facility in the tranahipment of goods.
¥ Gth.—~Great saving in first construction, as the wharf walls, &e., not being, ex.posed to violent waves
may be made at lsast 10 feet Tower, and also need not be of so substantial a nature as wo l’l
otherwise bo necessary. -
# 7th.—A large comparatively protected area (the exact extent of
between the harbour and the shore.
* 8th.—The facility with which, at the expense of a very emall extension of bresk-water, worlks trebling
. the wharfage accomwmodation may hereafter bo easily exceuted in still water. ' e
“ 9th—~Oleanliness of the harbour itself owing to the gentle current always Rowing through it
# 10th—~Iudependence, after first construetion, of such expensive adjuncts as dredgers, &c '
“ 11th.—Independonce of the town and its sewerage. S
« 12th.~Facilities for efficient supervision of Police and Custows Officers.
“34. At the conclusion of paragraph 10, after detailing the principles on which I have designeﬂ the faee
of the harbour, I have said that I think that the face so designed may be advantageously modified, and I p;'opose.

which it is impossible as yot to define)

*“ 88, Referring to Fig. 15, PI. I, it will be seen that, each of the harbour faces is

- Re A eomposed of ¢ tions
one d einclined at 30° to the foreshore, and the other s /S parallel 1o it. b om0 o b

At the junction of these two we have
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an angle re-entering to the shore. This is always objectionable in any sea wall oppored directly to the action of
the waves, as the waves at the angle cxert almost an explosive force, well illustrated in one of the re-entering angleg
of one of the forts at .Boulogne. This evil would no doubt in a great measare be remedied by havingat the angle
a (say cirenlar) portion g, ¥ig. 18. PL. I, detached slightly from the two sections A i and 7 & of the face. It i8
possible in such a case that the small portion of .the wave fixing vent through the openings on cither side of this
circular portion would not create any commotign within the harbour worth noticing. Bt there is one objection
to this form, namely, that, if the harbour is ever extended to the possible dimensions shown in project 2, though
a slight extension of the break-water parallel to the shore would give culw water behind it, in which to carry on
the works of extension, still there wuuld remnin a deficieney of refuge harbour necommodation which may now be
wecured at comparatively trifling additional cost by following the dotted alignment shown in plan—also shown
dottéd in Figs. 1 and 2, Pl TI— which woull at the same time not in any way injure the wave forcu outside of
the harbour which it is propused to utiliss for transporting the sand past the centre enst and west line, If the
dotted form be adopted, the advancing wave would wrap round the curved face with a rolling action very differ-
eut to the shock resulting from eeming dead on to a long straight wall, or, still worse, where there is a re-enter.
ing angle o recoive it. The erirved form here appears to be the atrongest, and with such a long radius would
not present any difficulties in construction. It would, moreover, very notably ingrense tho r¢fuge hurbour accom-
modation, and by se much perhaps postpone the necessity for more expensive works of cxteusion.

® 4 36. T order to make the malter us clear as possible, an abstract is attached to each plan in PL M showing
tho cost and accommodation of cach project. A comparison between the results as regards the angular and
curved break-water seems to decide the question in favour of the curved furm, which it would be preferable to
‘adopt, even if the cost of such a eourse necessitated the postponement of jettien to a more convenient time,

“37. In the eonstruction of this harbour thu whole of the concrete blocks laid down for Mr. Parkes' scheme
would be taken up and removed into uew positipns as indicated in plans and sections {ride D'l IT). The rabble
base now deposited, if covired with 223" water, would be left undisturbed, as it would not appreciably affect the
force of the wave, and it might not pay to take it up; but everywhere clse it should be dredyged out, and utilised
elsewhere. My, Price, the Superintendent, Karachi Harbour, bas done this at a cost of H1-11 per tou.

“38. For the removal of the blocks I have taken u rate of 30 for ench block 12’ x &' X 44’ at which both
Mr. Thorowgood and myself think it might be done. For removing thoso alvendy placed, wpecial nrrangements -
would be necessary, but in laying down those hereafter special orders might be issued to insure the lower hole
vot gotting filled np with shells, &e., which they otherwise will do very quickly. This is a very trifliug matter,
attention to which now may save many thousands of rupees hereafter.

39, There would not be the slightest necossity for bringing the break-water first into connection with the
shore for the purpose of construeting it, and subsequently isolating it. Fven already the ateam hopper burge
can come alongside the northern pier to take in her eargo of stone, and the southern pier will very soon be
sufficiently advanced to offer similur facilities. Under these cireumstances, with proper arrangements for forming
an artificial island in the centre vf the proposed break-water, from which the work might simultancously pro.
gress outwards in both directions, the expense would not bs of the prohibitive nature that stood in the way of
the entertainment of a break-water project in tho first instance, and there is 00 reason why this part of the work
should not be completed as soon as any other, say within six yenrs. . .

Report on Project No. 3 (Fig. 3, Pl. IT)y—(Least modification of Mr. Paries').

*This project is drawn up on the assumption that the foreshore will, with nuch an obstruction, advance to
a cerlain, estent every yenr: that it is only s question of time when the sand will creep round the harbour
wouth. The object here is to Postpone this time ax much as possible ; hence the inclination of the barbour face
30° to the line of foreshore. ‘

“The north picr will be oarried straizht out so as slightly to overlap the harbour face, leaving a passage of
450 feet for ships to enter by, 'This is perhaps the best compromise to meet the conflioting requirements of the
uaatical mau and the enginecr, whero there is omly ono entrance. Tle north pier, aa also the narrow porlion
of south pier and harbour face, will, excopl in very fine weather, serve as break-waters only. Judging from
present appearances it will not be very long before the sand will reach so far along tke south pier as to render
whatis shown drawn thick as availabis for wharluge. Accordivg to this plan the wharfs will by construeted in
still water and by so much cost less ; the ships will be thoroughly protected ; entering ships will Luve the whele
ran of the harhoar to bring up in clear of ships already woored ; there is the minimum of intertercnce with
ssnctioned design, and the cost is perhaps the least at which the capabilitics of the Larbour can be devcloped.

» “Report on Projects Nor. 4, 5,' and 6% (Il I1)

“I have in No. 4 endeavoured to work out a design as strictly as possible in conformity with one discussod
before Sir A. Clarke. The main features are :—271¢f, the north arm overlapping the south, suggested by Admiral
Bythesss as botter from a nautical ‘point of view than with the sonth overlapping the novili s 2nd, wharfs and
Jetties 60 feut wide provided with four lines of rail and trafic worked by means of turn-table; 3rd, a 6A)
passage cleared cut, botween foreshore and barbour; 4¢A, the barbour to be separated from this pansage by an
arched canseway, provided with flooring, the minimum depth of water on sen-side of Lhis causeway to be 20 feet
snd the maximume on land side to be 12 feel, ond the dimensions of arches sweh as to pass carge boats; St4,
the dividing, chdnuel to ho spanved by toree bridges with piers as apen s possible ; 674, the dividing channel 1o
bo kept opsn by means of u rake boat or other applince, keeping the sand in tuspense until carried through the
chiannel by the current.

“No. §is » wodificntion of the above, the chief feature of which is the substitution of curves for turn.tailes
Besides the great fncreased convenience in working the traffio, ihis would, 1 thiuk, enable uy to disponse with twu

« » Project No. 4 stightly wodified.
' f Auether modifieation of Mr, Fuckes', but with two entrante s,
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of the bridges spanning the 600 feet dividing channel, an advantage not only in peint of economy, bmt also s
offoring less resistance to the current. I believe one bridge with four lines of rail wonld amply suffice for the
traffie; whilst No. 5 shows & saving (roughly) of 10 lakhs over No. 4, the interior. harbour aceommeodation of the
two being practically tha sze. .

“The cost of these two designs is much aggravated by,—Is¢, the necessity for extra height to pass the cargo
and rake boats ; and 2ad, the extra strength of section in parts exposed to full action of the waves.

“I have alveady so fully detailed my own views regarding the motion of the sand along this ceast, and the
reasoniug ou which these views are based, that T must beg indulgence if T heve reiterate an opinion unfavourable
to this form of dividing channel. 1f that reasoning is right, this channel must speedily close, and with an ob-
servation before me, which Lieatenant Liove and L recorded of one wave alone depositing sand to the depth of 3% ths
inch, I cannot think that any system of dredging or raking will be practically capable of coping with such
accamulatious. If I could eonceive the existence of any real current in such a channel, I mirht judge differently .
but wll my observations teud to disprove the existence of any such currents of any importance at Madras, except
those due to wind and waves, both of which are carefully excluded from this channel; and even were it practi-
cablé 50 to keep this channe} open by artificial means, the expense (which I have no means of estimating) would
be & serious, if not an insuperable, objection from a financial point of view.

“ No. 6.—If there is to be such free inter-communication between the harbour and dividing channel, I do
not sse that project No. 6 would be liable o have its dividing channel more readily eclosed than Nos. 4 and 5.
There is & material saving in the cost of No. 6, which dispenses with the arched causeway, and there is accom-
modation for 24 instead of A sbips, the tiiree centre jetties alone being availuble; but there is one serious
objection, which is that the distance between the two outer jetties (which wonld be merely break-waters) and the
nearest wharfs would only be 5360 instead of 800", which 1 have everywhere assumed as the necessary length
in which to tnrn a ship 400’ long, which I have taken throaghout as the typical length in caleulations for accom.
modatior.

“ The arrangement of whatfs in No. 6 is one for two entrances, which I have adopted accordingly—

, " General Abstract showing eost and accommodation of the Rarbour project.

ACCOMMODATION FOR Smres,
Wharfage. Total.
g 52 0§ |
Number of Harbour projects. Cost, 2 2% = REMARKS,
5| £ |82 | B ;
| a E3 3 g g
P 5] -3 a
/ & = 2a £ S g
21 & 1528 2 | i F
& k) [Phahed = =} &
=
Rs,
- Harbour in process of construction | 61,99,016 | ... (7] R 16 22 No wharfuge in this design.
No. 1A . . . . .1 1,37,77,898 8 8 12 16 18 24 Fig. 1.—Without piers and wharfs.
o 1B . . . . . | 148,29,388 8 16 20 24 25 82 Fig. 1.—Differs frora No. 1A in addition
of jetties with wharfs.
» 1A modfﬂed break-water .1 1,60,52,407 1 20 | 8 12 18 8 36 Fig. 1,—Modified break-wuter shown by
. dotted lines without piers and
) wharfs, .
s 1B, " . | 1,81,04,596 | 20 18 20 24 36 44 Ditto  with piers and wharfs,
w 2 . . . . . 12,2888,312 |- 28 62 60 88 80 96 Fig. 2.—Addition of second line of
' wharfs and jettics, aud break-
) water to protect the same.
3 R Cl0280m9 0 28 46 84 26 64 Fig. 3.—Least modifieation of harbour
hd * .t " i o sanctioned and  being  cou-
. structed,
4 L 11,62,62181 | L, 28 32 40 26 49 Fig. 4.~Nodification discussed befors
” * : ’ ' e . i, 5 Nir A, (‘:Inrke.b '
. 33 38 21 38 ig. 5.—~Same as No, 4, but slightly al-
» b e . - ‘ L,42,67,862 | ... a tered Ly Lieutenaut-Colonel
Thomason.
' 3 36 24 38 ¥ig. 8.~ Distinex propusal by Licutenant
» 8 . . ' ‘ « | LI807,570 | .. u 0 Colonel Thomwason for two
entrances.

24. Colonel Thomason regards the necessity for gorging the waves as a possible remote
coutingency, and as such, he has done right in fully discussing the question. The whole scheme
for a harbour at Madras opens up engineering questions, for the solution of which it is very often
difficult, if not impossible, to quote precedent, and nothing that can tend to 2id in arriving at
success can be deemed irrelevant. We are both in accord as to the necesgity for detaching the
harbour from the shore, though not quite 5o as to the means that will suffice to render the de-
tachment permanent. - My own impression at first was that an open channel of 600 feet width
between the harbour and the shbre would prove sufficient, but after the experience of the last
south-west monsoon, I very much question wlether any eastern boundary for the isolating
channel short of the 34-fathora contour will suflice, and this agrees very closely with that fixed
upen by Colonel Theomason.,  Until it has been tested expernnentally, it is impossible to say
how far the mere action of waves and current will keep open this channel of uniform seetion.
My own impression is that if it will ot kecep itself open, the tendency to deposit may be con-
trolled by mechanical means, whether dredger or rake. The new principle which Colonel
Thomasen has introduced in his design of keeping the dividing channe! clear by means of the
force of gorged waves is one the soundness of which T am not prepared to dispute. My onmly
objection to it is one for which he is not responsible, pamely, that the change is of too radical
a nature. Asa further weans of averting failure in the solution of an entirely new enfsineering

'
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problem, the suggestion is a useful one ; but we both agree as to the advisability of first trying
the effect of a simple dividing channel extending to the 34-fathom line, the failure of which
would in no way preclude or increase the cost of subsequently introducing the principle of gorg-
ing the waves should this be found necessary.

2b. The capacity of the harbour as originally designed cannot be considered to be in
excess of the requirements of Madras, but the acreage has already been so far encroached upon
that, iu the opinion of some seamen, it is already a question whether some of the long steamers
of the Dueal line eould without running ashore enter the harbour of reduced acresge except at
dead-slow speed, which would be out of the yuestion with any sea on, so that the extension of
the piers into deeper water than was at first contemplated m'ay be safely aceeptud as an alterna-
tive to expensive dredging within the original limits. It is necessury at once to arrive at
some decision on this point, as the Superintendent of the Harbour Works has expressed a hope
that about next July the north pier will have reached its eastern limit short of the curve to the
south, It is premature yet to so fix the limits, and on no account should tHe curve be com-
meenced -until sanction has been accorded. No sand, as far as las yet been observed, enters the
harbour round the north pier, so that even if a further extension scaward be not eventually
determined upon, a temporary stoppage of operations on the north p!r can do no harm. We
cannot be too careful about not committing ourselves unutil some just approximation of the
Quantity of travelling sand has been arrived at by the fact of the south pier having well headed
it, which it has not yet done. As far as we can yet judge, my opinion tends in favour of an
extension of both piers to a further distance eastward equivalent to the distance of the 3¢-fathom
contour from the original foreshore, After much careful consideration, I feel compelled to
- condemn the single entrance in favour of two entrances, and in this I find myself supported by
every-seaman whom I have consulted on the subject. ‘

26. Assuming that the future harbour be a detached one as above, the question arises as

to what should constitute the division between the harbourand the isolating channel. I con-

fess to a great feeling of uneasiness as to the sanitary result of impounding so great an arca of
stg)] water, which will, in all probability, be extensively crowded with shipping. = It is poss.ib]e
" tifat the open character of the enclosing piers magp aid materially in est.ablishing.an efficient
current, but to my mind this is very doubtful. In one of the projects accompanying, a]l?w-
ance has been made for an arched masonry dividing wharf, but the cost of such an expedient
proves so great that it will be better to first try the effect of depositing here, in the fo'l‘m of a
sand-bank raised above high water mark, the sand dredged from the bed of the isolating

chanpel. ‘Should it hereafter prove necessary to have recourse to some partition of a more

open character admitting more freely of the passage of water, the satid-bank so formed will
prove useful as a starting ground for wells necessary for foundations, snd may subsequently ‘be
easily removed ag found necessary. be &0 | dtit
27. T8e foreshore between the piers which now intercepts and absorbs so Mgf 8 qt‘; ni ty
of town sewnge cannot safely be left in its present state. Thle sea wall carrying the lntercept-
ing sewer cannot be put in hand too soon, and must be regare . i
within these limits, provided the Municipality or Local Government w1llthul::il?l'tt£l;z tit:neZE
“tend the sewer to some point where it cannot affect the harbour. Proba.blyd e dis R Mot
the gewage on to the land, as advocated in Major Tulloch’s report on the dramnage acras,
“will prove not only the safest, but also the most dconomical, course to adopt. :
28, The extent to which this saturation of the foreshorﬂ.has extended was clearly brought
to light in borings which Colonel Thomason exochted near high-water mark to the depth of
7 fathoms for the purpose of determining the depth at which clay might b"'. f.ound. (.)bsc_""“'
ions of the clay stratum at different points on the shore led to the supposition that it might
- perhape be found st depth of about 8 fathoms, but throughout the 7 fathoms bored nothing
‘but sand was found, many strata of which were black, evidently owing to saturation with
sewage as seen on the surface of much of the sand hetween the town and the sea. A bx:eak-
down of the boring apparatus prevented the borfng being carried to a greater depth, but ob-
’ + servations of the sea bottom as far out as the 9-fathom contour still showed sand.
29, The existerce of this sand underlying the whole harbour might perhaps be looked
‘tipon with some guspicion, more especially as an old break-water constructed by Colonel Cotton
in 34-fathom water had virtuaily disappearod. Its remains have, within the past ycar, been
* sdisgovered ‘near the pier-head by the diver, the boulders composing it being strewed over the
~ “bottom. It is;'bowever, easy. to account otherwiso for this failure, as tlie break-water was only
- builb.up to within 8 feet of low.water level in a position much exposed to the breaking surf
~in weather; but ordinarily stormy. Mr. Thorowgood, I understand, has been carefully looking
~iout for ﬂmbmdmaésmm work ‘was commenced, bat beyond that which might naturally be ex-
- pectid as due to, the first settlenient of the material deposited, nothing more has been detected,
tn’(;f in d‘istespe’ct, ,‘the(;i"fefqm, 1 think the site selected may be considered safe.

’

od as a fair charge on the harbour '

)
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30. My convictions then being that the design at present being carried out cannot prove
successful, I would propnse that-—- ‘
1st.—~The porth and south piers at present under construction be advanced as far as
the entrances to the harbour shown in Pl. III, the remainder of this design being
_ carried out by .
2nd.—At once putting in hand the sea wall and sewer. o
3rd.—A% once commencing the open pier with a double line of wells and with 100 feet
spans From C (the end of the present iron pier) to D, at the same time doing as
. much to similar new pier (on wells) from C to E as it is possible to do without
. . interfefing with the traffic on the present pier.
- 4th—At once commencing the formation of an artificial island at F; the island to be
‘of pierre perdue 800 feet long from south to north and 400 feet from east to west,
these measurements being at high-water mark. The island being completed, the
L - rubble base shonld be laid from it to G and H, and to 1 and J.
. Bth.=~When the present north and south piers shall have reached their assigned limits,
o the Titals should be moved on to the artificial island and proceed with laying the
blocks necessary to complete the break-water portion of the harbour.
6th.—~The present iron pier should be removed and the new pier on wells completed, the
communication with the shipping being maintained in the meantime by the
‘ dorth and south piers now under construction, '
7th.—~The new ckntre pier on wells being finished, the portions of the north and south
‘ ‘ piers from B to M and from A to N should be removed.
" Bths=The dividing channel ANMB should be dredged out, a portion of the spoil being
, deposited in the form of a sand-bank, 8o as to enable railway communication to
be established along EC ML and EC NK. It would then be seen whether the
-dividing channel would keep itself open or could be kept open at a reasonable
c cost. . .

- 81. With these modifications the harbour (complete as to wharfs, sheds, &ec., but ex-
clusive of fortifications) may be estimated to cost two millions sterling, inclusive of the amount
already sanctioned ; and when I say that I cannot recommend further espenditure on the pre-
sent design unmodified, I €an but appeal to the phiotographs prefacing this report, which speak
for themselves. It is with the utinpst reductance that I express such an opinion as this, Itis
not one hastily arrived at, for I have throughout felt the responsibility of permitting in my
present capacity the continmance of a work, of which, on engineering grounds alone, as an
irresponsible individual X had avowedly disapproved. I have striven Lo my utmost to do justice
to the author of the design under such trying circumstances, and can only regret that my con.
victions forbid my granting a longer grace. .

, Mapras HARBOUR CONSIDERED FINANCIALLY.
82, It is very difficult to say what the want of a harbour costs Madras from a pecuniary
point of view. The whole of the lighterage is in the hands of the Masulah boatmen, who
have no competitors, and can therefore charge pretty well what they like—a circumstance of

“which on occasions they are not slow to avail themselves. To quote an instance, during the

* late famine a boatman has been known to refuse B50 for one trip in anything but dangerous

‘ mthe,r, ‘and this for-a boat the maximum carrying capacity of WhiQh is 34 tons. General
* " Morgan, who owns extelusive tea and cinchona plantations, has furnished particulars of charge,
1 f6r this class of goods incwrred between the rail and the ship, amounting to H24-6 per tons
. Colonel Thomason made the follest inquiries into this case, and though no particular reason
" eould be assigned for'such extraordinary charges, the correctness of General, Morgan’s statement

stands fairly subétantiaﬁed; Mr Mackenzie, of the firm of Messrs, Arbushuot and Co., supplies
the following as the cost of lighterage per ton 1~

1

R a.
Piece-goods . " . . . . . . . . . 2 4
Wines, spirits,'and oilman’s stores . . . . . . . . 8 2
Metals . . B 3
Timber . . . . . . . . . . . . 12 8

. ~

- 83, The want of a harbowr causes two very scrious losses to the trade of Madras—one
from damage to goods, and the other from theft. It is difficult to form any correct, or even
approximately correct, estimate of such losses as these. Mr. Dawson, Chairman of the Trades
Association and Head Manager of perhaps the largest store in Madras (Messrs. Oakes and Co.},
estimates loss from damage at 20 per cent. of trade profits; and Mr, Winch, of Messrs. Shaw
and Winch, Jnsurance Agents, estimates that 90 per cent. of the loss sustained by Insurance
Companies at Madras on account of damage is incurred between ship and shore.

L
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34, The very heavy loss from theft the Trades Association attribute to the Custom House ,

but with so many openings for thieving as exist at Madras between the ship and the Custom’

House, this secnfs a statement which it would be very difficult to prove. It is certain that
very heavy blackmail is levied on goods {such as grain) which never enter. the Custom Hou§e.
During the late famine such robberies were, of course, more than usually rl'fe_. Mr. Mackenzie,
who perhaps i8 in a better position than most people to form an opinion on the subject,
estimates, from what be saw, that during the late famine the ioss of grain due to damage and
theft at Madras alone could not have been unde@he value of 6 lakhs of rupees.

85. The Trades Association represented to Cdlonél Thomason that the Agents at Madras
are very often boat-owners, and sometimes lay an embargo on goods in the Castom House
until all their boating charges, however exorbitant they may be, are satisfied. In fact, the
whole trade of Madras appears to be at the mercy of more than one monopoly besides the boat-
men. What these several monopolies are, or how interwoven witn each othex:, ib is not easy
to say ; but the general resull of this is that the trade is at present subjected to an avoidable
tax sulficient (o cuver the cost of more than one harbour, however elaborate, The Chamber of
Commerce, whose views alone have as yet been laid before Government, are tlfe smallest
sufferers of all by the present state of affairs, eveu if in their camitks of agents, shippers, and
creditors to producers, they do not directly profit by it. The parties vepresented by Lh'e Trades
Association (shop-keepers, &c.) undoubiedly suffer heavily, and the producers. form a. third class,
who, it is cvident, are by far the heaviest losers of all. ,

38. Colonel Dickens, when Secretary to (Government of India, went very closely into the
financial aspects of Mr. Parkes’ scheme. He cstimated that the cost would amount to
£776,463, including interest extended over four years. After the fourth year the interest pay-
able would amount to £34,941; but, making arrangements so pay off debt in 40 years, the
amount due annually would be £42,196. To this he ad(}&(yll foringgiual ropait:s and maintenance
at 14 per cent. £10,650, and present cost of port establis ent‘ 44,000, making a total of pay-

ments due £56,846. 1f extinction of debt were not lovked for/ the payments due would beww

£
Interest . . . . . . . . . . * 3:;,24(1)
Repairs . . . . . . . . S 1‘; )go
Port exponses . . . . . . . . . . e 0
Total . -£49,581
A : [P ——
The ineome be estimateod ag follows tem - k
if debt is to be extinguished — } 28£0(x) .
Shipping, 440,000 tous, (&} 5 aunas, or ls;_ » . . . S ‘*8‘000 .
220,000 tous goads, @ Re. 1-8, or 3a. ? . P 5
’ Total . £85,000
and if debt is not to bé extinguished— . . . 203000
Shipping dues as proposed by Chamber of Commerce - . s 30'260.
On goods R1.6, whereof R1-4 is at Bombay . . . R :
: Total . £50,260

87. The Chamber of Commerce informed Colonel Thomason that there “{Otﬂd nOt.bG the
« glightest difficulty in raising an income of £45,000 from the harbour, PTOV‘dedt' e transhipment
to the railway wagons were direct. This estimate is based on a tonnage of under 800,000 tong
goods, and a rate of only f£1-8 per ton. Supposing 75 lakhs to _be the share 9f expense to
be borne by the Port Trust, an anuual payment of R4,58,025 in half-yearly instalments to
the Imperial Exchequer would iu 30 years ropay the priovipal with interest at 4} per cent,
Considering the very”heavy tax to which (vide pavagraph 30) Mr, Mackenzic bas shown that
the trade of Madras is now subjected owing to existing arrangements, I believe that the R1-8
per ton already conceded Ly the Madrus Chamber of Commerce might easily be raised, if neces-
sary, to '2 per ton, and still leave Madras 2 large gaiuer by a good harbour.  This wounld leave
an awmpls margin, not only fo cover loss by exchange, but also for the development of the port.
‘ 8%, In the Proceedings of the Madras Government dated March 17th, 1869, it is stated
that at least 852,000 tons of goods are imported or exported at Madras, and it is a safe assump-
tion that with an efficient harbour this will be very largely excéeded. On the other hand.
" considering all the circumstances here detailed, I have no doubt whatever that for the R1-§
rate suggested by the Chamber of Commerce up to B2-8 might, if necessary, be substitated,
and still leave Madras a large gainer. - , |
-39, T have already expressed an o;n'm"on that a proper harbour for Madras would probably
cost £2,000,000. Of the requirements of Madras 1 cannot but consider that- the project now

'+ i 4th—That supremacy at sea may at any time he endan
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heing carried out, falls very far short. Tt is but an enclosed space of still water, no doubt a
very great improvemeut on what preceded it, as under ordinary circumstances the lighterage,
now often a source not only of diffienliy, but also of danger, would be very much facilitated ;
but there is no attempt in this design to dispense with lighterage, and in a financial point of
view a comparison (vide Appendix VI) between the wharfage rates of Caleutta, which include
the eost of receiving, weighing, and delivering, as compared with those of Bombay, where the
expense of Inbour is not represented, will at once show how great a souree of revenue is here
neglected. The designer from the first has relied on screw pile moorings, though it is a very
pronounced opinion amongst seamen that ships so eaught in a eyclone must meet with certain
destruction, and it iy & very open question whether this danger would not be very much aggra-
_vated were his last. proposal (of mooring the ships fore and aft in rows side by side) carried
out. » Nor is any shelter against rain, &e., provided, a point on’ which great stress is laid by
the Caleutta merchante. Unquestionably, very much greater security (as well as freedom from

% lighterage) would be attained by the addition of piers and wharfs (with rails) well provided

with istrong bollards.. This would, as’ Admiral Bythesea has pointed ont, ohviate the danger
due to the momentum. which ships-acquire in a gale when riding at serew pile moorings—a
momentum which is generally fatal to the stoutest and best of cables, especially when the ship
is-moored fore and aft. Such piers and wharfs would be provided in the harbour which I
~ contemplate for Madras, Cranes (hydraulic and others) and every appliance to facilitate tran-
shipment should also be ‘covered by my estimate of two millions, but such a harbour would
~qtill be incomplete in so far that it would be unprovided with fortifications. An unfortified har-
hour in such a situation as Madras | should pelitically regard rather as a source of danger than
otherwise. I should therefore consider it imperative not only to provideit with defences, but
-algo fit i1t in every way to meet naval requirements, which would probably raise its cost to 2%
_millions sterling. o A

+ 40. It now remains to consider the question of the incidence of cost, which I would appor-

tion as follows :1 million to the Imperial Funds, § million to the Port Trust, and 3§ million to

be applied for as a,.sul.osidy from the Home Government,
41. Inapportioning §ths to the country génerally, I am guided by the following considera-

" . tions: Madras is of itself a 1;1}&3 singulsrly wanting in natural features adapting it to har-

bour ‘works. These natural 1sabilities it isffn;ot within the resources of a Local Government

 to overcome, nor is the Local Government responsible for them. At the time that Madras was

established, it was the seat of Government, nat of a Presidency only, but of what at that time
was the Tudian Government generally, and on.the general Government of the country for this
renson, I think, a charge of 2ths of the cost might fairly be laid, more especially when we re-
flact Lo how great an extent the railway and the generdl révenues of the empire will be bene-
fited by a successful harhour. , « »

42. Considering the heavy tax which 1 have already shown fulls on the trade of Madras
due to its present imperfect arrangements, I have no hesitation in asguming that the Port
Trust could easily re-pay the capital assiguad to it with 44 per eent, interest in 30 years,

b Mapras Harbopr COESIDERED POLITICALLY.
, 43. Regarding the subsidy to be applied for to the Home Government it is necessary that
-1 ehould treat at some length, To show the value of defended harbours on the eastern coast of

- - Indis X'can but appeal to history. Of this history, at a critical time when the sovereiguty in

¥ Iudu;wm the subject of contest between ourselves and the French, an epitome, as bearing on
' the'sabject of harbours and of Madras harbour espeaially, will be found in Appendix V; but
the dessons conveyed by history in this case appear to me to be so forcible that I consider no
* apology necessary for here referring to them. They are— o’
1st.—That the sovereignty of Indis was dependent on supremacy in the Bastern seac.
nd.~That over-confidence in the certainty of thix supremacy rﬁhmaining with them, on
the part of the English, resulted in neglect of ordinary precauiions, against
-even a temporary loss of it} and in 1746 led to the capituiation of Madras and
for a time, almost to the extinetion of British power in India, ’
3rd.—~That influence on land is inconsistent with loss of prestige at sca.
gered by circumstances over which
man has no control. Thus, immediately sfter the French had captured Madras
thg’,r fleet, then deminating, was so disabled in o cyclone as to leave it at the
merey of even a very small English squadron, had it been attacked by one.
‘Agnin, at the final siege of Pondicherry by the English in 1780, which scaled
the fabe of Fronch empire in the cast, the British floct was by 4 cyelone simi.

% -3 3 i 4 e . i - IO B - 3 g
larly placed at the mercy of u cunvratively weal esemy, anl had even n
w i

"¢




84 CONSTRUCTION OF MADRAS WABBOUR,

o -

small FrenchBect then appeaved and attacked, this siege, sil-ampertant to the
Bnglish, must in all probability have beeu ruised.

Sih,—~Thsb this supremacy invariably rested with the power which had the neavest safe
port as & basis of gaval operations.  Thus, in 1643 the Duteh sasters of the
natiral harbour, of Trinwomales, at once took Pondicherry from the French,
and {or the time deprived them of their footing 1 Tndia, Aggin, the Houghly
being the only safe puit on the eastern shore of ludis, snd sccupied by the
English, gave our fleet the ascendansy vver that of the French, whese anly
safe boee of naval eperations was in the distant Isle of Franee; consequently,

the appearance of the British flaet off Madras on February 16th, 1789, com- .

pelled the French to raise tho siegs the gest day.  Finally, the want of 2 neur
safe port cost the French their Indian empire, for when Pondichersy foll, the
French flest was absent in the Isle of France.
6th.—That & safe ficst clase harkour centrally situated anywhere on the eastern coast
@ would have keen so all-itoportant to either of the contending purties as vir-
toally to decide the contest fn their favour. ‘The efficiency of the victor and
the safety of the vanguished alike depended ot it.  Thus, in 1746, Ja Bourdon.

nais wag virtually defeated by Commodore Peyton; but the British tleet suf-

fored so severely as to be compelled t0 wake for Trineomalee (Lheir nesrest
harbour of refuge), whilst the {rench gained their object by gotting under
the shelter of the guns of Pundicherry, where, owing to the calm woather pros
vailing st that time of the yent (July), they could recruit, The French were,
ju fact, considering the time of year ncarest to & seense buse for naval operas
tions, the result of which wae that Madras was taken by them Lrom the Eng-
lish. 1n October 1740, when s pyclune was 5o disastrous to the Fremeh in
the Madras roads, immediately after they bad captured Madras, they were put
to such straits for want of a harbonr that thay setally hud to send their most
disabled asailable ships o Goa to refit, the remainder of he fleot betaking
itself to Acheen as the available place of salety ducing the tempustuoua senson,
nesrest to Pondicherry, should the defenco of that place deruand ite services,
7th—~The extreme danger of allowiag an enemy 10 auguire oven tempordly SUpIOmacy
st sen. 3t was the enjoyment of such that evsblod the French betweon 1748
and 1738 to obtaiu the command of the Dekkan and the whate of the Tudian

. potiinsala south of it, and a position so seoure that had they It heen e e
W lvns 1 Jw e dt v any wlher i‘:ul‘t‘p&‘ﬁvn power eoull have

supplanted them,

44, Such being the Jes<ons to be Jearnt from the history of India of the period when we were
establishing our feoting in it, with how wuech greater force most they come howme to us nuw ?
Then the Frenvh following the counsels of i Bourdonnais, arquired and mude the most of the
Yale of France as a base for naxal operations to such an extont as to repder it Beveseary for ve
eventually to wrest it from them. Whaut the French did then it is possible for auy 3‘*‘3“)1)?““
power to attempt now. Should we by any unforeseen circumstances, lose, whally of temparutily,
the supremacy of the seas, thers are other islands neaver than the Isle of Frunrs which might
ba taken possession of and used w# a mepace sgainst ourselver, The remedy Jn establishing
well-defended  harbours on our evusts lies, and hag sinee 1760 lain, with »;»m'w}vm.; bat what
have we done to seeure our Ludian possessions from Bback by rea? Pawitively nothing bayond
the basty crection of wone 07 two batteries during the pitiful seurs of Jast yuwe, when swar
appeared mninent with Russia, :

44. And stidl if one povet degpul was nacessary to secure the supremacy of either motion
during tha period which I have here veviewed, of how infinitely mreater importuncs ie it for
v, 25 regards & waut which might a¢ any time cadanger out hold un Imbia, to beativ ousselves
to mest it in thess days of sfeam, when the altered conditions of warfare {in which suceess
depends 0 extensively ont Amyls sapplies of coal and often vn repidity of cosling above svery.
‘thing) dewmund, not one, but at lesal four points d’appwi on our eastern cuast,

4. Wa bave stiit 1 e2¢ whay would, on the combatants, be the effcet of 3 naval action
with the ships, gung, torpedoes, and other appliances of the day; but of this we nay feel quite
sure, thol it the wooden ships of yors expericnced sueh diffienity in refitting afier o vaval
cugagewent of those days, mot only the interests of India, bul of the whole British empise
Jdexenud thak n theso seas our navy should be fally &rraed agmiust such econtinguncies, and for
us reason T venture {6 expect a wubaidy from the Home Government o the estent ot feat
of prthe of the sventaal eost of the Mudwe Harbour, whatever it may prove to be, but which 1
have roughly estimated at 25 millions storting. .

ES
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47. To the other three ports on this coast which we must consider vecessary for our e
I will not farther refer here. It is with Madras that we must concarn ;
instance. It is the capital of an important Presidency, the converging point'ef three railways,
and its present defenceless state exposes us to insult at the hands of even-one enemy’s ship of
war that might evade. the vigilanee of our eruisers. "

Moreover, we already stand committed to Madras Harbour, and though I cannot approve
of the sanctioned scheme, I feel convinced that any halting or hesitation in the progress of the
piers at this stage must insure total failure and the loss of all that has hitherto been spent,
{he greatest chance of success in thiz harbour or any modifications of it lying in the speediest
possible prosecution of the work. . . ‘

 48. A combination of enemies or other unforesecen circumstances might at any time
expose us to the same dangers which so often nearly proved fatal to our forefathers, who
founded our Indiim empire. Our prescnt relations with our northern neighbours may for a
time withdraw our attention from our sea-coast; but if we arve ever to yield the dominion of
India to any European foe, it is by sca that the foe will come, and it is to the protection of our
consts that we shall have to devote our moat earnest attention.  Absolute security for our coast
commerce is essential to our prestige and security in this couutry, and to put off to the day
when war with a Buropean nation is imminent the measures necessary to obtain this security,
is a course too obviously fraught with danger to need further commuent.

49, None can deny thus 3t iz, i a preat Measare, to our Indian possessions that we owe
our rank among nations, and 1t is with caresives that now rosts the power and responsibility of
making ourselves invulnerable to any foreign sgovessors fram the ssa, Comman ;T.-ru:,‘{p uce and
the subsequent financial gain to us when defensive measures shall hecome iznber:.{.ti’w.‘, alike
demand it of us, that by the construction of efficient harbours, placing onr vessols of war ip
these ‘sead at an immeasurable advantage over those of all other nations, we should insure af
least the element of safety at all costs; and if we negleet this opportunity, can we expect, or
do we deserve to escape, the fate of the strong man armed guarding his treasure, from whom a
stronger than he came and took all of which he was possessed ?

50. Since the French left us undisputed masters of India, odr frontier has steadily been
advancing northwards, and now for nearly half a century we have been devoting our attention

setves 18 bho Bvs

8o exclusively to meet foes in that direction that we have, as it were, completely closed our eyes

to posgible danger from that seaboard in our rear from which we ourselves effected the conquest:
of the country. 'The peace which our southorn provinces have so loug enjoyed is one which we
are too. linble to ascribe solely to ¢he less warlike instinets of the inhabitants of those regions,
and we have thus lalled owrselves into a false sense of sécurity from which there will some
day be a vade awakening if we thus continue to negleet what are bat ordinary precautions,
and indulze in that spirit of vureadiness which secws inkevent in us as & nation, notwithstand.
g the many vude lessons of the past,

51, We have but te study history to sce how greus was the rmportance attached to the
possession of Madwms by Dupleix, the earliost anil ublest of those cpposing us ju establishing
an Eastern compire,  We find him constantly diverting the attention of la Bourdomnais and
his other lieatenants from all other oxpeditions agatnst us, however promising they may have

" beén, to the one greal object, the possession of Madras, He attatued bis object Ly first

obtaibing the supremsacy in these seas, and the mmediate result was that we became, for the

| time being, practically ciphers in the country. What was true for his tiwe is as trae, and

more 80, in ours. ‘ ; )
Be the charucter of the population in the south ever so peaceful, I venture to assert that

‘E‘no defeat that we might sustain at the hands of the Russians in the Peshawur valley or
- presence of a Russian force under the fortifications—as yet only on paper—of Multan, would

prove half so disastrous to us as the successful landing of a hostile force afiywhere on the shores
of India. -

52. Hitherto a single foe (the French) and the elements have been all that we have had
to contend against, and how hard was the struggle we all know; but it may be far otherwise
in the future.’ We cannot afford to rest for ever on the laurels of Trafalgar, aud whilst we are

: preparing—1 think wisely—to meet our nearcst Muropean rivals across the Himalayas, how

‘ eulpable must be our folly if we neglect precautions against attack from the not only possible,
- but probable, combination of two or more maritime foes on onr coust.

53. 1f we think for an instant of what war in cur time demands, the great importance of

 artillery, thg, weight of .the guns now in use, the unlimited supplies of ammunition demanded
by the arms of precision of the day, the immense mass of matériel, including possibly even
. locomotives and lines of rail, all of which are essential towards giving in our time one avmy
| ‘superiority over another in the field, it must at once be evident that no foreigu foe relying on

»
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a long and expeusive land carringe could possibly hope to successfully compete with us for the
possession of India as Jong as we maintain secure our base of operations on the coast. * The dis-
‘advantage at wltich the aggressor would be placed is so enormous that, notwithstanding con.
stant baraszing and.intrigue on our rorthern frontier, the opinion is fully justified that these
are but prelades to a grand coup hoped for some duy, when an alliance with some other great
maritime power may enable overwhelming odds to be brought to bear aguinst us on the const,
m our rear. There lies our real-danger, and Madras is now, as in Dupleix’s time, the most
vulnerable point on the coast. 1t is for this reason that I take upon myselt the responsibility
of urging the expenditure of so large u sum as 2§ millions on Madras Harbour. The supply
ef what is needed here will not he the work of a'day ;. its cost should therefore be met ungradg.-
wgly, otherwise the day may not be so far distant when we may find ourselves compelled to
yield, to an enemy stronger than oursclves, that of which the value cunnot be estimated in
1aillions. '

Carourra, A, CLARKE.
" 1Stk Febriary 1579, '

Report by W. Pavwes, By, M. Ixnsr. C.E., Engineer-in-Chiof, Madrus Harbour Woike, to the Acting Secretary
to Govermuent, JPublic Works Department, on the present stata and prospects of the Madas Harbour
Works,~No. 7 W, dated Madras, 25th Febroary 1879,

Having, since my arival ip Madras on the 12th January last, snbmitted to the Govoru.
ment three reports, the first dated 24th January, on the expenditure on the Harbour Works
up to 81st Decernber lust, the second dated 15th February, on the diversion of the town

“sewage from tbe harbour, and the third dated this day, on the changes of the shore line
north and south of the barbour, it now only remains for me, before -y departure, to subit
to you the result of the personal observations I have made during my stay as to the present

state and prospect of the work, o

2. One main object of my present visit was to have the opportunity of witnessing the

actual progress of the works during the most favourable scason. 1t is only by this means that
T am enabled to judge of the efficiency of the organisation in its severnl parts, and how far the
prospeets which 1 have from time to time submitfed to the Govornment are likely to be
reslized. - ' .

8. Tt is not to be expected that a work of this magunitnde can be carried out in strict
accordance with a in:oviously prepared speciﬁuation‘. To insist upon this would be to diseard
the advantages of the practical local experience gained us the work progresses, Bnt it is at
tho same time desirable to keep in view not only the ultimate dliject of the works, but certain
broad features of the means by which that ehject is to be attained, and not to be bastily led
away from theso by the apparent advantages offered by some modification which may at the

same time introduce evile likely to eecape observation in any but a comprehensive review -
%

of the whole question, : *

" 4.1t is in the settlement of such questions as these that the occasional l""‘"""“‘fl communis
eation between the Superintendent as the possessor of the greater amount of loeal information
and experience and myself as the original organiser of the works Is important. Unless, however,
~ the result 8f onr ‘ conferences be to introduce auy importunt change in the arrangements of
.~ the work, they afford little material for special report to the Government.

‘ 5. I have only to report, thersfore; that after having made a earcful examination of all

" departments of the work, I am satisfied that they are all in a fairly efficient state. 1 do ot _

consider that'the full attainable speed of work has cver yet been reached, and probably it
_ nevef will be maintained for any great length of time, for the several parts of the organisation
" which have to be’b;ought into work together are more numerous and cowplicated than is at
first sight apparent, and the Milare'of any one will affect the whole. )
: 6. 1t is only since my arrival at Madras that one important operation has been brought
into full nction, o ‘
Balisbury and Hoburt;ihough the latter haa been temporarily disabled and is now under repair,
| It i satisfactory to find that these yessels are quite equal to the work which was expecied of

them, although our better iequaintance with the local circumstances has led ps to adopt o plan '

of loading thum diffrent from thatioriginilly contemplated.

1. As the work ;
- be require®fbr a given lengthy bf pier, nnd their full powers will be taxed to keep 1t supplieds
- but yn the.o ,,.el;?nag@%b%hml- ufforded by the. pisrs will be more complete and the work
'tber‘éfpg oi'e: wgufar - When the water is fairly calm, the vessels lie slongside the face of,

the conevel;e blooks :asik', and are Joaded by cbolies carrying stone from the Madras Railvay
trucks standing on the pier iteelf, . 1 ‘ . ‘ ;

2., the “deposit ‘of stone fof ‘the rublile base from the steam bopper barges -

the workiidvanees into déeper watdy a mmoh larger proportion of rubble stone will
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8. The supply of stone from the Ambatoor quarries on which we must depend for the
great bulk of our rubble base is in the hauds of the most competent contractor in the
neighbourhood on terms which, though not excessive, will give him no excuse for not pushing
on the work with energy, aud I am bound to say that so far no complaints have been made.
The present rate of supply, however, about 1,120 tons per day will have to be increased by. 30
per cent.; but there is a large area of quarry ground as yet untouched. o

9. The Madras Railway Company also perform their part of the work in the transport of
the stone with fair regularity.

10. The rubble base for the south pier is mainly formed by the deposit from the steam
hoppers, but the top has to be levelled by stone carried out by cargo boats or thrown in from
the top of the Titan or from the pier itsclf. This stone is more couvenieutly supplied from
Pallavaram and brought by the South Indian Railway, bat at the present time great com-
pl:ii‘hts are made Qf the irregularity of the stone trains on this line, and this irregularity has
latterly retarded the progress of the south pier by 25 per cent. I hope, however, that the evil
is only temporary. # .

11. This is ouly an example of the kind of friction which, acting on-one part or an-

~other of the machine, retards its motion in a way that cannot be calealated on. If there were

nothing to do but to set blocks as fast as they can be set, the rate of*progress would exceed
any apticipations that have been expressed in any quarter. As the natural obstacles caused
by sea disturbance and accurnulation of sand are surmounted, those due to inevitable imper-
fections of orgamsation become more prominent. Some allowance must be made for theSe to
the end of the work, but as it progresses, the weak parts of the oxganisation will be strength-
ened, and the rate ot progress be less and less retarded. :

12, The north pier is now 1,431 feet from the commencement of the block work, and
there remains 2,430 feet to complete it. The south pier is 923 faet, and there remains 3,080
feet. Apart from interruptious 200 feet per month is;a rate of advance quite attainable, but,
allowing 150 foet as the average rate for ten months of the year, and entire stoppaye for two,

* it would result that the north pier may be completed in SBeptember 1850, zud the south in

March 1851, :
13. There is one suggested possible pbstacle to the realisation of this prospect of comple.

fion as to which it is desirable that I should offer some remarks. It is said that we have had
" no experience of the effect of such a sea-as 1s raised within the actnal limits of a eyclone, and

that this may turn out to be very destructive. It would be presumnpiaous {0 deny that such an
event may produce unexpected result, but I think there ave circumstances which tend to reduce
limits of uncertainly to within what they would appear to be at first sight. Fivst, the
difference in the destructive power of a cyclone sea and that of the propagated swell which we
have experienced on more than one occasion, and uotably in December last, must not be
measured by the ditference in the destruetive power of the cyclone itself with its furious wind
and torrents of rain on shipping and objects on shore, and that of & simple rolliag swell in the
roads, and a keavy surf on the beach, Wind and rain can havg no direct effect on the harbour
piers, however much they may intensify the apparently irresistible fray ?f a storm.

14, It is certain that the sea disturbance is propagated morve quickly, and to a greater
distunce from the centire of a cyelone than the atmospheric disturbanece, and therefore the

-ouly conclusion that can be drawn is that the propagated swell has a force more nearly equal

to that of the central sea disturbance than is the case in regurd to the at‘mospheric
disturbanee.

15. Again, it is the experience of all engineers of marine works in England that the swell
preceding, or propagated from, a storm at some distance 1s more destructive than the sen raised
under the direct influence of the wind, and it is a fair inference thas the gaﬁm rule would hold
good in India. '

18. Fuarther, there is a large margin of stability in the works as caried out with the full
depth of foundation, 24 feet below meun séa level, over any force they have yet had'to resist,
either here or elsewhere. Theslight disturbauces that have taken place where this depth was
not attained contirmed former experience of the value of deep foundations. This, and the size
of the blocks, and the mwode of packing them together, are elements of strength which do not
exist in any of the sea works, the damnage to which furnishes the most useful lessous.

17. On the whole, thercfore, while fully admitting that a repetition of one of the great
historical cyclones may exhibit results of an unexpected kind, 1 am bound to contend that such
a lesson is required to teach us where we can apply additional strength. So far as the present
experience of engineers goes, we are armed at all points. There is one case on record, that of
Wick in the north of Scotland, where a mass of masonry, 45 fect wide, was bodily displaced by
the sea, and the sea bas in that case so far remained the acknowledged vietor. But the case is
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entiroly exceptionn), and to take it as a precedent would be to condemn many works of well
{ested stability. The Madras piers are only 24 feet wide, but the difference of conditions in
sther resp\mtn is mare than a balance for the less width.,

18. I ibink this is the only sugweested cause of failuce in the completion of the works .

which has not airoady been negatived by the event, The secumulation of sand avey the tounda-

gions, which was so troublesome at the north prer i I877, wax vepeated in 1875 at the south -
pier, but its entive absence ab the siorth pier in the latter year was w good groand fur the antjs,

cipation that it wourld be ulso enly temporary at the sonth pier,  1v will, however, he a nai.i,iso
faction tofod that there is no return of the irouble in the approaching weansoun,

19. 'The accumuiation extendad a considerable distance from ihe plm, and had 1utraded
upon the available deep water in Noverober last to the extent of six seres beyond the 4-
fathom line of ‘the previous February. More recent soundings ehow some recovery of depth,
and there will probably be more. 1 expect, bowever, that some loss of harbour space must be

accepted as, permanent, but I bave no fear that it will be added to now that the’ pier bas ;

advanced into a greater depth of water,

20. Assuming, then, that the completion of the harbour at no distant date is an event that
may be anticipated, I would now beg to bring to notice of Government some questions wluoh
‘will shortly be pressing for settlement.

21. The first of these is the form of the seaward side of lhe barbour and the entrance.
This is a question which 1 buve always looked upon as desirable to be kept open till near the

time wheun a final decision was necessary, and in the interim I bave availed myself of such oppors )

tunities as presented themselves for collecting evidence as to the merits of different forms,
22. The result, is that I om rather dispused to favour a change of the design to the form
e shown in red on tlte accompanymg tracing
\\ and by dotted lines in the margiual sketch,
\ The main argument in favour of the ongmally
' proposed straight eastern froot is that if the
\\ preét.nt barbour should be followed by

N " coast, a series of re-entering angles would bo
N - formed in which converging waves would be
. concentrated to an inconvenient extent. On
&y the other bhand, the projecting entravce,

though more in accordancd with precedent, ,
Horbour . snd uodoubtedly more convenient for the
entrance of vessels under sail, did not appetl!‘
to have so much superiority for steamers.

1A

’ -
]
7

' ing entrance as leading the crops current, off
i from acting on the after part of a long shi
5y ~ while the fore part is in still water gud Wl’a
;. little way on her ; also, it would give n greates.
) space to bring up in without danger of fouls
/ ing ships at moorings. Captain Taylor, tho
4 Master Attendant prefers this form,

e o e

Fomm we ey ¢ UL T

"4 Theowhcally it iz rather inferior to the original lmo for calming the interior of the
harbour, but T do’ not think the differencs would be appreciable in practice. The future diffie:
- culty of the retentering angles may, I think, bo left to be dealt with wheu it arises, and thus
both these points may fairly give way to the immediate nautical advautage of the -moditied
form. The cost will not be appreciably affected by the change, as the width of entrance is proe
posed to be inereased to 550 feet, 80 as to compensate for the increused length of the two sides
of the triangle.

25. I would, therefore, beg to recommend this modifieation for consideration, An iwme.
;' diate final decision 3 not necessary if the Govemment should think it desirable to obtain more
" naatical evidence upon the question. .
: 28. Amother qneation 14 even more nrgently requiring carly action, vis., that of providing
fixed mocrugy for ships in the new harbour. These will be nbsolutely necessary before the
harbour ean be fairly utilised, because only & very limited number of ehips conld be accomme-
dated swinging 4o their 6wn anchors. There i« little doubt thut in the northi-east monsoon of
1880-81, i mooringe are Jaid down undc,r the lee of the porth pier, ships may be secured 1o

!

\ series of similur basius ranged along he

* 23, 1 find, however, that Commanders ql‘ ‘
/ ,f( steamers wonld genem"y pre!'er the project'&"
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them. For this purpose they should be fixed in the. previous fair season of January and
Feliruavy. ,

.27. X have conferrel with Captain Taylor on this subjeef, and we are agreed upon an
arrangement which will, I think, give the maximum of accommodation and security at a mini-
muwm cost.  He will bring the matter before the Government move suitably than I can, and I
have therefore left the nautml part of the question in s hands,

238. With regard to its engineering and financial aspeets, howewer, 1 may state that the
cost will be about £40,000, The exact amount may be affected by such mn \hhn tions of detail
as Captain Taylor may recommeud. This is not included in my estimate for the harboar
works, and it will, probably be treated as a distinet fianeial question, nad a charge made on
shipping to eover the interest on first cost and maintenasee independent of the harbour daes on
cargo tuwards and outwards. .

29. But I would venture to raise the questmn whether-the funds may not be considered to
be already in the hands of the Governwment by a re-appropristion of the savings alveady effected
on the estimate for the harbour weorks, The Government had sanctioned £"0‘000 over and
above my estimate for purposes for which it has not been, and never will be required; and a
further £20,600 has, as shown in my letter dated 24th Jfanuary, been saved upon my estimate
on works aheady complgted. - Such excesses as have occurred on other items are well under the
10 per cenb. on aclual past expenditure estimated for contingeneies, so that if these £40,000
ware transferred to the charge for mooriugs, the harbour works expenditurs up to the present
time would still be within the estimate.

30, The screw moorings, cables, and buoys will have to be procured from England, =o
that it will be seen that in order to ensure their being laid down this time next ygar, early
aciion should be taken,

81, In my letter to the Under Secretary of State, dated 18th October 1874, 1 rmsed the

L3

guestion of cousidering the details of the mode in which the harbour revenue should be raised. -

My ouly concern thsh this as engineer was to see that any proposals were consistent with the
engineering and physical features of the future harbour, I found on arrival at Madras that the
sabject was already under the consideration of some leading members of the Chamber of Com-
merce, to whom T gave what information I could relating to my own share of the question, I
. believe that proposals to, Government may be expected as the result of this movement. It
- may perhaps be as woll to stute that I am no party to the proposals themselves, haviog only
assisted in giving them a practical form.,

32. 1 would beg to conclude by stating generally my’ belief that this xmportunt undet-
taking is now in a state which gives promise of an early and successful accomplishment.

-

Misute by His Exceriescey Loap Lrrrox, Viceroy and Governor General of India,~dated 22%0d J uly 1879,

The importance of its subject, the novelty of its suggestions, and the pressure of other
claims on the careful attention it deserves, have prevented me from socomer ureulatmg, with
this record of my own conclusions on the questions raised ia it, the accompanying Minute by

,8ir A. Clarke on the Madras Harbour Works. I must observe, however, that Sir Andrew
Olarke’s Minute, though dated the 18th of February 1879, was only placed in my hands by
my Hon’ble colleague about three weeks ago.

. 2. It is stated in the 31st pars. of that Minute that, with he modifications proposed by
er A, Clarks, these works would cost two millions sterling, exclusive of fortifications and

naval requirements, which my Hon’ble colleague considers esaentml to their utility ; and

" which, if carried out, wﬂi inerease the total estimated cost of his project J to two millions and

s half.

3. This project m\mlves many considerations other ‘than those of an engineering charace

ter ; but I do not now examine or discuss them, because the
cost of it appears to. me quite prohibitory of an expertment
'in what is admitted to be “an entirely new engineering problem.” The Government of
India could not commit itself to a scheme on whxch there muy still, perhaps, be something to
giy from Mr, Parkes” @wde of the question ; nor could it finally discard Mr. Parkes’s luﬂsuto
unsuccessful plan, until the subject has been further considered by engineers of the widest
experience in this branch of work.
4. The main pomts for diseussion by the experts appear to be

(1) whether it is necessary to alter Mr. Parkes’ design at all in its main features ; ;

P (it} if so, whether the modifications propused

ara, 80, -
' - are likely to be effective,

éw para, 24, Sir Al Clarke’a s Minute,

w
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If these two questions be each affirmatively answered, T canuot at present sec how we are
to carry oul a scheme involving at least four times the cost of the original proposals; and, in
" that ease, 1 should, on the whole, prefer the abandonmeut of the work already done at an
expenditure, I understand, of some £270,000 to the investment of further capital in a scheme
mveolving an estimated expenditure of £2,5600,000, or, excluding the defensive works, of
£2,000,000. A barbowr at Madras, however well made er useful it might be, 1s not, in my
judgment, worth such a price as this, .

5. From the further discussion of the matter, however, the question of d-tence must
I think, be altogether omitted.  To def:nd such a harbour effectually, it wonld, I presunie, be
necessary to construet outline forts in advance of the works,in deep water, avd at an enormous
expense. If the batteries were placed on the works, any approach of an enemy’s ship suffi-
ciently elose to enable them to come into aetion with our batferies, would alse cnuble them to
wflier heavy dwmage, f now total destraction, on the shipping in the barbour.  For the pro-
tection of the shipping, therefore, we should buve, in any case, to trugt, as we do now, to the
efliciency of our erwsers,

%, For the prevention, or repulse, of o hostile landing, Madras has at present many great
advantages, natural and artificisl, 1t 18 a diflicalt place to land at in any circumstances ; and,

il a landing were effeeted, we could, by means of the railways converging at {he port (rail- -

ways eomstiucled sinee the days of Dupleis), econcentrute a force there strong enongh to render
quite impossible any permauent lodgment. The mere fact, as noted in the 47th para. of
Sir A, Clarke’s Mivute, that Madras is the converging point of three railways, indicates the
weans of coneentrating upon it, i necessary, the whole of our available Jand forees ; and these
obvious fucilitics for the immediate concentration of our military strength i conjunction with’
onr waval power, assigu Lo the political aspect of the yuestion a character csseutially different
1 every single partienlur 1o the conditions of it & hundred and thirty years ngo.

7. 'The sum of money it is now proposcd to expend on the construction and fortification

of a harbour at Madras appears to me out of ail proportion to the risk we run from the
chauee of invasion or foreign aggression on that somewhat inhospitable part- of oue sea-board.
1t is equally, 1 thiuk, out of proportion to the value of the trade at Muadras; even if thore

were not other more important sea-ports, to the defence and improvement of which our avail-

able funds should be first devoted. T should not be prepared to encourage any henvy expendi-
ture on the defences of Madrus until the defence of Adev, Bombay, and Karachee is adequately
provided for. . :

8. Sir A. Clarke proposes thut we should ask the Home Government to give us & subsidy
of £750,000 towards the enlurged works; and he lases this proposal on the assumption of
their great political value to the British empire in general. Tt will be seen from the fore-
going remarks that I do not share Sir A. Clarke’s cpinions on this part of the question. 1
certainly could not address to Her Majesty’s Government any proposal of the kind. T fear
T jnost add that 1 cannot mogeeive su y cireurastancer in which it wonld be proper to throw on
t}‘  {pdian fax-payer the heavy burden of providing for the cost of the project put forward by
oy Howble colleague in his accompanying Minute : and it is quite clear that such a burden
conld not be borne by Madras alon e

9. I we cannot get n good hurhour at Madrag by the schee suggested by Mr. Parkes,
and at a cost not seriousiy exceeding his estimates, the only reasonalle course is, in my opinion,
to abandon the project altogretbor, even at the sacrifice of ull that has been already spent, on
this ill-censidered and abortive undertaking.

10, 1 think that o full report should be obtained as speedily as possible fro m the Govern-
ment of Madras as to the prescut prospects, in the opinion of the best loca) authorities, of
Mr. Parkes’ schenve, and the probable effect of the medifications of it proposed by my Hon’ble
Colleague, . - .

11. Without, however, pwaiting the receipt of tlus report, the papers should be at once
reforred to the Secretary of State, with a despatch in tho sewse of the foregoing rernarks,
The question that remains to be decided with the loust possible delay iy, whether the con-
tinued execution of Mr. Purkes’ present plan, without any serious modification of it, aﬁ'ords. a
sufficient prospect of providing Madras with a safe and durable harbour at a cost not exceeding
Mr. Packes’ estimate. This question is not an ordinory engineering question ; it involves
engineering problems of a very special character on which there is in India little or no prac-
tical professional experience, Our highest and most authoritative adviser, Sir A, Clarke,
whose personal experience of harbour engineering is, T belicve, extensive, has carefully examin-
ed, and emphatically condemned, Mr. Parkes’ project. On this point I bave little doubt that
the opinion of the best Madras engineers will be found in complete accordance with that of
cur Hon’ble ¢olleague : and although on such a point their experience is probably more

CONSTRUCTION OF MADRAS HARBOUR. K(o 21

imited, and their opinion certainly less authoritative, than his, it is, I think, desirable that it
hould be officially sabmitted to us. Oun the other hand, the alternative project snggested by
ur Hon’hle colleague involves an expenditure which, as already stated, I.consider to be out
f all proportion to the value of the object in view, and which the Government of 1udia is not
n a position to incur. Consequently, the project of a Madras Harbour must be altogether
bandoned, or blse carried out at a cost not greatly exceeding Mr. Parkes’ present estimates.
In the objections to the further prosecution of this plan, which experience thus far has sug-
rested, Mr. Parkes 1s of course entitled to be heard. But he is now in England. 1 therefore
hink that the proposed despatch should request the Secretary of State,~who is in = position
o refer directly, not only to Mr. Parkes, but also to the most eminent English authoritics on
warbour engineering,—to decide the engineering question raised by the ill success of the works
ow being carried out in accordance with Mr. Parkes’ plans.

12, Pending such a decision we are, unfortunately, compelled to continue upon the
Madras Harbour-Works an expenditare which may hereafter prove to have been infructuous
nd wholly wasteful. 1t is, thercfore, I conceive, expedient that no further time should be
ost in transferring this question from the region of indefinite speculation to a practical point
usceptible of apeedy settlement. ,
~13. In the meantime the work on the north and south piers should be continued on its
yresent basts, : _ ‘ .

14. Bir Andrew Clarke’s Minute should, of course, accompany the proposed Despatch to
he Secretary of State.

99nd July 1879, | " LYTTON.

Minute by the Hon'siE Stk A. J. ABBUTEROT on the Madras Harbour Works,—dated &th August 1879,

I agree with His Excellency the Governor General in thinking that it is impossible to
neur such an expenditure as is considered by our colleague, Sir Andrew Clarke, to be neces-
ary for the construction of an efficient harbour, and I see no reason to question the correct-
wss of our colleague’s: opinion as to the inutility of the works now in progress upon Mr.
2arkes’ plan, The right course, in my opinion, is to recommend to the Secretary of State that
he works be at onee stopped, and that no further expenditure be incurred on them except such
& may be necessary to prevent their interfering with the traffic and salubrity of the Port.
- deprecate any further reference either to English or Madras engincers. Our colleague is
. very competent authority upon this subject, and I think we may safely act upon his opinion
s to the inutility, and worse, of the works now in progress. o

To continue the works pending consultations with English and Madras engineers, which
vill probably occupy many months, and at the rate at which the Madras Government now
ransact business, possibly years, will be simply to throw good money into the sea for no
arthly purpose as far as 1 can understand.

Jespatoh from the Government of India, tothe Secretary of State for India, forwarding above munites, and recom-
mending further prosecution of Madras Harbour Work be abandoned,—No. 11, dated 15th August 1879.

By our despatch, Public Works Department, No. 133, dated 15th December 1877, we
eported to your Lordship’s predecessor that we had arrangeéd that our colleague Sir Andrew
Jlarke should hortly visit Madras, for the purpose of examining the works in progress in obn-
ection with the harbour there, and thercafter advising us as to the course that should Le,
ventually pursued. We also explained that in the meantime, and to prepare the way for the
xamination above spoken of, we had seut to Madras an experienced offiegr of Royal Engineers,
harged with t-he’ duty.of collecting certain information and conducting certain (;bservations in
veordance with instructions issued to him by our Hon'ble colleague,

2. A report of the results of the inspection above referred to, with the opinion of our
Yovernment upon its contents generally, was asked for by your Lordship’s despatch No. 55
Puablic Works), dated 26th September last.

3. We have now the honour to submit a copy of a minute by Sir Andrew Clarke, and
£ another which has been recorded by the Govérnor-General, as well as a copy of the in-
sructions which we have sent to the Muadras Government i the matter. A minute by Sir
Jexander Arbutinot, coneurred in by Mr. Stokes, is also enclosed.

4. Your Lordship bas been made aware by the despatches from the Government of
Tadras, No. 9, dated the 11th March, and No. 33, dated the 11th June last, that a modification
v the form of the seaward side and entrance of the Madras Harbour has been proposed, and

M1



92 CONSTRUCTION OF MADRAS HARBOUR,

that the nantical anthorities who have heen eonsulted by the Local Government preferit to the
original desion. Your Lordship has further been asked to obtain the highest professional advice
upun the question,

5. The proposals now hrought forward by Sir Andrew Clarke will be found in the 8Gth
paragraph of his Minute. They involve changes of a much wider kind: and the estimates
now submitted show that the cost of the harhenr, when completed, will be ensrmously in excess
of the sums which have hitherto been regurded as the probable ultimate cutlay. 1t is stated
in the 31st paragraph of Sir Andrew Clarke’s minute that, with the moditications proposed,
and the convepiences neeessary to all harbour projects, the works would cost two millions
sterling, exclusive of fortifications and naval requirenients;, whicl our Hon'ble colleague considers
essentizl to the utility of any barbour seheme for Madvas; and which, if carried out, would
inerease the total estimated cost of the projeet to two millions and a half.

6. With the exception of the proposals, firstly, to place an entranee in both the northern
and souihern arms, leaving unbroken the eastern, or scaward break-wateny but extending it
some 900 fect fo the eastward, and secondly, to modifv the docign by introducing o dividing
cBanuel, our Hon’ble colleague considers that all these proposals are common to the two schemes,
namely, his own and that of Mr. Parkes; andi that apparently the construction of wharfs -
bas always been contemplated, although no estimate of their cost has hitherto been prepared.
In comparing, therefore, the cost of the original design with that of the design as mudified by

him, cur Hon’ble collegue considers that this fact must be Lorne in mind. (l

7. In submitting, for your Lmd%lnpa orders, these proposals of onr Tlon’ble colleaguey
we desire to record cur very decided opiuion that, if & good harbenr cannot he seeured for Madras
at a co‘st‘ inclusive of past outlay, not mnch in excess of Mr, Parkes’ original estimate, all
intention of proceeding with tho project should he abandoned without delay ; and that future
attention should be confined to' ascertaining what use, if any, can be made of the work already
accomplished at a cost to the State of about twenty.seven lakhs of RHTTCR

8. In deference 10 the wishes of the Madras Government, and in order not to prevent the
extension of the south pier into deep water be) ond the bunk of moving sand, we have placed
no hindrance on the progress of the work ; but it is clearly most desirable, in order to avoid further
waste of moncy, that your Lordship should decide, on the advice of the highest nuthenty

procurable in England, what further measures should be taken respeeting o work whieh is |

now represented to as likely to requite for the satisfactory completion of it, au outlay out of all
proportion to its value for commereial or naval purposes. ‘ |

Memorandum by W. Pazkns, Esq., on Sir Andrew Clarke’s minutes,—dated Gth November 1879,

* I have read and carcfully considered the report of Sic Andrew Clarke on the above har- ;"

bour (herewith returned), and in accordance with your letter of the 11th October, beg to sube "‘. :

mit the following observations. T
2. 8ir Andrew Clarke’s comments on my plan may be conveniently considered under the'
following heads :— |
1.—The eand difficulty.
2.—The question of entrance, o
8,—The question of mooring.
4.—The provision of wharfs and quays,
o 0.—The sanitary quéstion. o

The Sand Difficully.

3. The pomt ab issue belween Sir Andrew Clarke and myself may be expressed in a very
few words. My conolusion was from the first, and still is, that supplementary works will’ at
‘some future time be required to prevent the ndvance of sand from destroying the harbour, but
that the period at which this will become necessary is so distant that it need not at ‘present be
taken into account.¥ :

4. 8ir Andréw Clarke dxsput’éﬂr the validity of the data on which T base the lattor part of
this conclusion, and,maintaiils that the destruction of the harbour by the advance of sand 'is
:suﬂicxently immiyetit to justify' and demand immediate preventive measures, involving extens
-sivé changés of my plan, Into the merits of his proposal for mceting the evil I am precluded
by yom- mstmctxoha from entenng.

i\

ot

¥ To show. thiat ﬁb.\ﬁ dots not impnsa &ny very serious burden on posterity, ] may mention that whatevar the
length of time way be :m mty be doub&ed by the:satdosion of the Sowsh Pier seaward for a longth of 1,000 feet, at a cost -
of 80,0000 . S A\
A ! N\

\._;
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6. I believe I shall best comply with what T understand to be the wishes of the (overn-
Toent by carrying ont an intention which I had formed before I received Sir Andrew Clarke’s
report, of submitting to you a review of the whole sand question from its tommencement to
what I now feel justified in calling its termination. It is a subjevet not ouly of great impor-
tance to this particular undertdkmn‘ but also of much interest from a professional and scientifie
point of view,

6. The drea of discussion lgvery much narmwed Ly Sir Andrew Clarke’s admission of
what I cousider to be the one great principle, which is the key of the whole questions It is
one for which I have contended from the first, though, in consequence of the special cirerun-
stances under which I made my original report, it is rather tacitly assumed than pesitively
asserted therein. That principle is thaL the force hy which the sand is disturbed and trausport-
ed is that of the wanes, and not of the currents, und that its movements are conlined to a balt
bounded by the shore on one side and by a line approximatiug to the 4-fathom contour on

4the other. OQutstde this there is no important movement, So f.xr, Sir Apdrew Clarke and
myself are agreed. : N

7. 1t is important to bear in mind that Sir Andrew Clarke’s report is dated February
1879, that his personal inspeetion took place. a year earliet, and that the investigations of
Licutenant-Colonel Thomason, R.E., on the resuli,s of which he appears to place much reliance,

were made in- the latter part of 1877 Much had occurred, since even the most recent of these

dutes, to throw light upon the questlon

" 8. In order that the bearing of the several stages of the review I am about to present
upon the question at issue may be seen, it will be desirable to describe somewhat mere in detail
the conclusions which were formed as to the action of the waves upon the sand, originally from

analogysnd bypothetical considerations, but which, as I hope to show as I proceed, have been -

orndually strengthened, and are now tul]y confirmed by the result.

9. Tt is well known that thie waves in the two monsoons approach the shore from different
direetions, approximately north-cast and south-east, each obliquely transverse to the general
Tine of the shore. ~ The first and main movement of the particles of sand lifted from the bottom
by the waves must obviously be in the same direction as that of the particies of water which
-has lifted them, and this must bie cither in the sume direction as the wave itself is moeving, or
the -exactly opposite “direction, without any fendency to a diversion to the right or the left so
long as the wave has an unimpeded onward movement. But when this, movement is met by
the shelving bottom, a portion of the purticles of sand-laden water are diverted right or left
according to the direction of the obliquity, and thus an alongsﬁme movement is communicated
to the sand At first the proportion of this movement is small, but as the rolling wave ad-
vances towards the shore into still shallower water, the degree of obstruction increades, and the
alongshore component of the movement, increases with it until where the wave makes its final
break on the beach, the onward movement is completely arrested, and the final result upon the
particles of sand carried by it is a transport for a certain distance akongsiore.

10. It divectly follows from this, first, that the alongshore movement is very much
greater close to shore than it is further out ; and, second, that ithe movement in the outer part
of the area of disturbance, whether great or small in itself, bas a large component of trans.
vérse movement, and a small one of alongshore movement, The importanice of making a
dlst.metwn hetween these two movements arises from the fact that the alongshore movement

‘ js diredtly arrested by the piers, and so far as the movement in one dnectxou in one monsoon

ig not balanced by that in the other direction in the other monsoon, the effect will be cumula-
tive from year to year, 'l‘heehansversc mowement,-on the other hand, will not be interfered
‘with by thé piers, and the seasonnl changes will continne to balance one another as heretofore,
1. 11. T have to request, then, that in following the statement I am about to submit of
‘the movements of the sond from the commencement of the works to the present lime, these
two principles may beé kept in’ vxew, so that they may be ccmpmed with the facts as the latter
are sucdessively presented

12. The accompanying drawing presents in one view the effects produced by the four

" ‘guccessive south-west monsoons of ]876 1877, 1878, and 1879. The portions of the works

‘coloured red show the advances made in the several half.years from 81st March to $0th

September; the poxtlons coloured burnt sienna, the abové water accamulations ; and those

- coloured blue, the portions washed away during the same intervals,
13. Monsoon of 1576.—The north surf bank was begun in January 1878, and by the

end of March it had advannnd some littla distance in{o the sea. The sand b 3 to accamne

late o its southern side soon alterwards, avd ss the bank advancud, the coust line followed
at some disbance in the rear, tll both roashed the positions shown Ly the eud of Soptember.
The depth of waler in which the bauk was made of coucse jucreased us it fdvanced seaward, |

bus the saudy bottom was much distarbed by the local action of the wives around the end of

B
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the bank, and moreover anything like accarate survey was impracticable in the surf, The
depth, however, immediately in front of the bank was about 6 feet at mean tide in March,
and 10 to 12 feet in September. The advance of the shore ceased in September, the erosive
action of the northerly scas set in in October, and before the retura of the south-west monsoon
in 1877, the shore line was cut back to the extent shown.

14. There was, no doubt, a good deal of sand disturbance within, and possibly some-
what outside the belt of surl, besides that which resulted i the nceumulation of the shore

shown on the plan, but it was beyond the range of possible survey, and our knowledge of it

1ests upon such evidence as the unusual extension of the surf in one direction or another, the
“ Bumping ” of a masnla hoat.in an unaccustomed place, or a discolouration of the water
previously unuoticed. These facts wre suggestive of some unnsual disturbanees, but ave of
too vague a character to justify any conclusion as to their nalure.  What is certuin about
the disturbuneces is that they had entively disappeared before the following Marck, and all
that remained wos an advance of the line of beach in front of the towu of-ruther more thane
100 fect.

15, The triangular accumulation and its partial removal, as shown on the plan, was,
however, a defipite addition to aur matevials for estimating the amonuté of wand movement
due {o the alteruute southerly aud northerly alongshore wave action. Its ecompletsncss ae
evidence depends on the degres of relanee wiich muy be placed on the tirst of the two prin.
ciples enuneciated in para, 10, and which as yet rested catively on hypothetical considerations.
My own belief was, and is, thut it is a legitimate deduction {rom admitted principles, and that
it might fairly be concluded that the amouut of sand which passed tho line of the picr, but
would have been arrested by the pier itself had it been in existeuce, was so small in comparie
son with that nctually arrested as to be properly disregarded. A ecaleulation made upon this
assumption showed that at the same annual rato of accumulation it would require 50 years

for the 4 fathom line to reach the sea-face of the harbour, and if it were further assumed,

as the plan shows, to be well within the mark, that half the accumulation uunder the southerly
seas is removed by the northerly seas, the period would be extended to 100 years. Bat cven

if this be not admitted, and a substantial allowance be claimed for sand which passed freely, .

and is therefore not shown by the area of accumulation, u very considerable one might
be made without so reducing the * life’” of the harbour as to trench upon my contention
that the means of extending it may be left to posterity. Up to 14768, however, my reliance
wag on a hypothesis bdaed vn abstract reasoning. I hope to show that it may now be based
on fast.

16. Monsoon*ef 1877 ~—The south surf banlk was commenced carly in the year, Lut was
not so far advanced, when the movement of sand [rom the southward begun, as the north
bank had been at the corresponding period of the previons year. The total amount of acoue
. mulation is shown on the plun.  The quantity intercepted by the sonth bauk iwelf is obvie
ously less thau that intercegted 1o the previvus yenr by the north bauk, but a cousiderable
quantily appears ¢ have been also intercepled by the north Lank, which muat, therefue,
have pussed the south bunk. The aggregate of the two coloured areas is not very Jdifferont
from the ove arca of 1876.

17. Here we have an undoubted case of the sand passiug one groyne and being inters
cepted by a second. If the sccond groyue had not existed, the sand would have passod freely
along the beach to the northward, and all evidence of its having passed the first groyne wonld
have been destroyed.” If, in such a case, a caleulation of the “life”” of the harbour had been
based on tlie suppesition that the quantity intercepted by the groyne was the whole quantity
i motion, the conclusion would have been obviously false, and if the fucts so far stated stood
alone, they would go far to invalidate the conclusion which I drew from the amount of sand
arrested in 1876, and,which 1 assumed did represent the whole quantity in motion.

18. There are other facts, however, which materiaily atfect the question. The results
shown by the coloured areas are those of the whole six months. 1f we compare those of the

first three months with those of the last three months, we sball find a rewarkable contrast. I

have shown on the same drawing the shore line of the 80th June 1877, and it will be seen
that while to the south of the south pier this line is in the middle of the area of accumula.
tion delween the piers, it nearly coincides with the line of 80th September. Thus, whatever
sand did pass, passdd before the end of June ; after that date the whole was intercepled. The
cause of this is obvicus, In the early part of the season the bank was bat little in advanca
of the ndvancing shore line, but in June it made a considerable start, and passed the outer
boundary of alorigshore movenient. Now, the north bank was, throughout the wmonsoon of
1876, in o stage aonlogous to that of the south bank affer June 1877 rather than befure that
~ date, so that my couclusion that the whole of the sand was, in the former year, intercepted,

though based at the time on hypotLetical considerations, is fully confirmed by the subsequent

-
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experience of the effect of the south Lank. I may mention that since June 1877 there has
been no permanent or general advance of the beach within harbour limits,

. 19, While these changes of the coast line were going on in consequencd of the advance
of the sonth surf bank, the * sand difficalty ”” was manifesting itself in another form at the
north pier. After the 80th September 1876 the outer end of the bank was flattened down .
by the action of the northerly seas, so as to form a good foundation for the conerete blocks,
and by the end of March 1877 a length of nearly 300 feet had been built, carrying the end
of the pier to a point about 100 fect in advance of that at which the ead of the rubbls bank
stood in September, and where the depth of water was about 18 feet.

20. Some disturbance of the bottom - following the change in the direction of the pre-
vailing seas was quite anticipated, though it was ancertain what form such disturbance would
take. A warning from me to that effect to the Superintendent rcached Madras a few days
after the first symptoms of the disturbance had appeared on the 31st March. The disturbance
took the form of ‘an accumulation of sand avound the end of the pier, covering the foundation
and preventing blocks being placed in advance, Its result is seen in the small amount of
progress made in the following six months.

21. The accumulation being entirely under water, and almost entirely under broken
water, the details of its form and extent could only be very imperfectly ascertained. It ap-
peated liable to changes, sometimes disappearing for a day or two, and then returning, but
these' changes could not be satisfactorily connected with any apparent causes. The sand over
the yubble foundation, which was itself 2 to 3 feet above the original surface of the sand,
varied from 4 to 8 feet, increasing generally as the season advanced, Its extent was not
great, varying from 50 to 100 feet to seaward of the end of the block work, and to something
like the same extent on either side, but in consequence of the impossibility of taking sound-

*ings through the breaking surf, the records of the most critical parts are wanting. There

is & good deal of evidence of what this accumulation was nob, but the evidence of what
it was is very imperfeet. ) :

22. The questions to be most carefully considered were these: lst, Was this dis-
turbance part of an alongshore movement which would be arrested by the formation of a
solid pier across its course, and thus tend to an annually increasing accumulation ? 2nd,

‘Wias it an effect which would follow the advance of the pier into deeper water?

" 3. With reference to the first of these questions, there were some facts suggestive
of a negative teply. It was not a mere extension of the ordinary surf movement, for,
although the waves broke heavily on this accumulation itseli, there was an interval of
nnbroken water between it and the surf which was constantly breaking on the shore. Also,
it began before there was any aceumulation on the coast line in April, and it continued after
the erosion of the coast line hegan in Octobar Tt was, therefore, clearly independant of
the alongshore movement on the %oust, and, if so, it would be quite a gratuitous assump.
tion that it bad any alongshore component at all, o

24, With reference to the second question, it seemed sufficient reply ihat the location
of the disturbance was well within the area in which disturbance Lad been anticipated.

26. On the whole, therefure, the conclusion seemed safe that nothing had occurred
in 1877 at varisnce with the second principle suggested in pava. 10, wiz, “ that the
movement _i*ithc outer part of the area of disturbauce, whether great orv small iu itself,
has a large domponent of transverse movement and =z small one of alongsliore movewsnt,”
My confidence in this was further strengthénéd by the remackable fact of tho absolnte
arrest of the alongshore movement Ly the south surf bask after duce,

26. Snch were the circumstances which appeared to me to justify {he exprossion of
 confident expectation that the difficultics of 1877 were of a transitory kind. I was not
surprised, however, that to those who examined he matter less closely my confideace should
appear misplaced.  In the lace of the ropeated predictions that < thie sand difficulty ” would be
fatal to the success of a harbour at Madrus, the assertion that an obstruction by sand which had
brought the work almost to a standstill for six months was not the sand difficulty, was one
which seemed almost to court incredulity. It was at this time that Sir Andrew Clarke’s spe-
cial investigations were undertaken.

27. It was not till January 1878 that the obstruction of sand in the foundations of the
north pier was finally overcome. It has not, however, since re-appearéd in any form, and the
soundings taken from time to time show that beyond the 4 fathom line there is no disturbe

ance of the bottom whatever. So far as the north pier is concerned, the sand difficulty ended

in 1877. .
8. At the south pier the setting of concrete blocks was begun «in November 1877, and
:by the end of March 1878 a length of 423 feet had been built, placing the end in & depth of
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3} fathoms.  During the same interval the northerly seas had eut away the esast scuth of the
harbour for a width of 100 feet, while within lharbour limits it bad cut away from the north-
ern half and added to the southern half, leaving a line parallel to that of the previous March,
but 100 feet further seyward, this width of 100 fect representing the amount accumulated
between Muarch and June of 1877,

9. Monsoon of 1878.—The accumulation to the south of the south pier began in April,
as m previous years, and by the end of June the const line had advarced 350 feet. The
worlis of the pier had been in abeyanee during almost the whole of those three months, from
cuvses jndepepdent of the sand diffiealty.  As a matter of fact, the foundutions were then
clear of sand, and it is possible that if the blockwork had been advanesd durinyg those thres
wowths, thesand difficulty would huve terminated at this stage. While the abrupt end of the pler
staod 11 a depth of 54 Jathoms, there was no apparent distubance of 1he bottom, but the ad-
vaaeing beueh on the south pushed out the foot of its slppes, and before swork was sesumed
the depth was so deeveased as Lo estublish the conditions necesgary for distuclitiee,  Then fol-
Jawed a state of things similar in its main fetures to thal st tho north piee 1o {he previous
year, Lut with some important differences swhieh have added somethivg to our knowledge,

3t The sand guthered avound the end of the piecinte a heap probably oreater than that of
1877, and ia September and October, when it was at its maxivina, it was siveyed with toler-
akle precision, The result of the survey is shuwn ly the blue coutour lines on the plan of
1578,

1. The summit of the aceumnlation was at I, where the originnl depth being 21 feet,
was reduced to 5} feet. Around this summit the suceessive contours are arranged in irregular
cireles or parts of circles, and the limits of the accumulation may be approximately traced ly
the approach of the lines to a direction parallel with the coast.

32. The evidence presented by this accumulation supplements in u remarkable mauner
that presented by the stmilar accumulation at the north pier in the previous year. The aceu-
mulation of 1877 clearly indieated the cxistence of a causs independent of that which produces
the surf on the shore. The times of its commencement and its cessation, aud the interval of
unbroken water, are proof of this. In the case of 187% evidence on this point 1s imperfect.
The accamulation was apparently indirectly due to the advanee of the const live, That it was
not merely an extension of the shore surf disturbance, however, is proved by tho tueb that,
though there was no interval in the surf, there was a dapression in the lovel of tho sand in a

position corresponding to the interval of 1877, But the weight of evidence oo this point

rests with the case of 1877, thongh the Iatter carries a strong presumption to that of 1874,

.33 In 1877, on the otLer haud, divect evidence as to the disposal of the snud is eotirely
wanting., It might have been earried uway northward beyond tho vange of observation, In
873 evidence on this point is complele.  The form of the accamulation is that which would
saturally be assumed in a case where the .motive power had spent itself,  But beyond this, if
any sand had been carried fapther to the northward, it must have heen caught in the angle
between the shore and the north pier, ag it was previeas to July 1877, but noue was found
thers.

At On the eontrary, as is slearly shown ou the plan, tbe beach Fre betwoen (he pier
wﬁbfrr vireated than ndvanced during the sonthowest monsoun. This, howevr, is unly apparent,
During the previgag uarthessst mobsosn thers had been an apparent advaunce, due probably
. %o a steepening of the slope under watsr, During the southewest mousoon iPwas stmply

flattened agnin, and the line of September 1878 is ulmost exactly ooincident with that of Sep-

tember 1877, <

35, The aceumulation at the end of the south pier in 1878 retarded the advance of the

block work, though yot g0 wuch as in the previous® year at the noerth pier.  The work was ad-

vanced 148 feet between June aud Scptember by sinking the Dlocks through the sand. The

obstruction was entirely past in the following January, and by the end of March 1879 a

farther length of 539 feet had been set, bringing the end of the pier into depth of rather more
.than. 5 fathoms. ‘ .

86. During the same six months the coast line was cut away south of the pier for a width
of 800 ,feet, while between the piers it was eut away in the northern half, and accumulated to
pan equal extent in the southern half. ‘

. 37, HMonsoon of 1879.—The history of the sand question in this yearis a very short one.
o Diﬁic’tzlty * there has been none. Not a grain of sand has shown itself at the fonndutions of
either pier, and the depths at the foot of the slopes of the newly-made rubble banks are prac-
tieally identieal with those found before the work wae begun, so that there has been no dis-
‘turbance of the bottom. The anticipated accamulation has taken place-in the angle betweon
the shore and the south pier; but, instead of being increased by the quantity of sand, which,
. apeording to the theory I am combating, would have passed the end of the pier if it had not
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been extended, it is materially less thaw in previous years. ‘The accumulation of 1878
hasi been flattened down, and its presept form is shown by the contours on the plan of 1579,
What the total amount of accumulation has been is shown by a comparison of the blue eon-
tours with the original depths shown in black figures. The coast line within harbour limits bas
remained entirely unaltered. , -

88. It would, no doubt, be satisfactory if I could give a more coraplefe explanation of
the accumalations of sand which encumbered the ends of the piers in 1877 and 1878, hut it
should be no cause of surprise that I am unable to doso. Nothing is more complex thun wave
action, nothing more unaccountable than its effects. In these cases all the results were under
water, and generally under broken water, so that the evidence s most fragieentery.  The
absence of any disturbance in the two years “that the vorth pier, and the one year that the

'south pier, have been extended into decp water, would certainly point to the conclusion that

an abrupt obstruetion standing in a eritical depth of water induaces special wave disturbances,
but beyond this all is mere speculation. One thing, however, is, 1 think, abundantly clear,
and that is that the disturbances, however troublesome and disheartening at the tirue, had nd
connection whatever with the regular and comparatively well understood alongshore movement,
which continued its independent course in the still shallower water close to the shore.

39. I would beg to direct attention to a comparison of the accumulation of one south-
west monsoon (1876) at the north pier, with the cumulative effect of two complete years, 1877

. and 1878, each with its two monscons, 8. W. and N. E., and the one S. W. monsoon of 1879,
The total effect in reference to a line parallel with the coast is not very different in the two

cases, :
40. Now, the accumulation of 1876 is objected to as a measure of the probable “life” of
the harbour on the ground that it does Hot represent the whole, or nearly the whole, of the

_ sand in a state of movement alongshore. The resnlt cf 1877 is admittedly useless for this

purpose, but in 1878 the arrest of sand must have been more nearly complete than in 1876 ;
and ip 1879 it was absolutely complete, yet the whole sand arrested in these three years has
failed to produce an accumulation very much : greater than that of the one year to which ex-
ception is taken ds being only a partial arrest. This fact alone is, I think, a complete justi-
fication of my assumption of the substantial completeness of the arrest in 1876,

41, The preseut state of things docs not give s gogd hasis for a new calculation of the life of
the harbour. A better one will be given when the coming north-east mousoon bas produced
its effect, when we shall have the net cumulative result of three complete years; but itis already
pretty obvious that the conclusion is not likely to be less favourable than that based on the result
of 1876 alone. . ' ) _

432. This concludes my review of “* the sand difficulty,” and I trust 1 have shown satis-
factorily that it is no longer a ground for anxiety. -1 think that this statement of the whole
case will render unueccssary any detailed examination of Sir Andrew'Clarke"s argument, which
is only an expression of certain doubis which at an earlier stage were qtpie legitimate, baut
which ought now to"be completely set at rest by the event. Nor d?es 1t seem necessary to
enter upon any defence of the positions I'took in the eatlicr stages of the.undertszmg with
regard to sume questions then dchateable, An- imputation of recklessness in drawing conclu-

2

- sions will be hardly entertained against me by the authorities of the India Office, and I have

therefore passed over some points of which the discussion could only ta'.ke the form of a defence
against sgeﬁa charge. I am confident that my case will uot be permitted to be damaged by
my reticence in these two respects. :

I now proceed to the other questions raised by Sir Andrew Clarke,

The quesdion of Entrance. .

43. Sir Andrew Clarke is evidently unaware that the question of providing one or two
entrances to the harbour was the subject of a full discussion in 1874, to which the few sen-
tences in my report of 1873 were merely preliminary.

. 44, The then Chief Engineer of the Madras Presidepey, Colonel (now Major-General)
Walker, R.E., had suggested two entrances, and, although I thought it vight to place my
reasons for a contrury opinion on record, there was an understanding that 1 was to consult
with nautical authorities on the subject, and report the result to the Government of Madras.
At the same time the Government of Madras 'requested the Seeretary of State to obtain the
opinion ‘of the Elier Brethren of tbe Trinity House on the point.

45. T applied to the Directors of the Peninsular and Oriental and the British India
Companies for the opinions of some of their commaunders, and I also applied to Mr. J,J,
Franklin, R.N., late Sccretary of the Marine Board, Madras, who had been introduced to
me by the late Sir Henry Mortgomery ss the best nauntical authority counected with the port.

! . N
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The resalts of these apphications were rendeted in some wicasure abortive, froin the fact of
some of the authorities cousulted kaving mistuken the nature of the question, and furnished
their opinions on’ the compurative merits of & detached break-water—a scheme for which had
heen lately under discussion, aud a close harbour. ‘

46. The following is a rdsumé of the replies obtained :—

The Elder Brethren of the Trinity House expressed a preference for a break-water parallel

with the shore, 9,000 feot long, and did not enter into the yuestion of oue or two eatranoes,

Mr. Franklin gave a decided preference to the single entrance. .

Captain Atkinson, Superintendent of the British India Steam Navigation Company at
“aleutta, also decidedly preferred the single entranee,

Captain Gaby, Peninsular and Oriental Compuuy, considered the harbour as shown would
n great measure satisfy the requirements, and preferred it to a Dbreak-water, but did not
uggest the two eutrances as an hiwprovement.

Captain Bennoldson, Peninsular and Qriental Company, thought * Mr. Parkes’ plan, with
ne entrance, a good one.” ‘

Coptain Barlow, Peninsular and Oriental Company, was strongly in favour of a harbour
ather than a break-water, approved generally of my plan, and “did not think anything' of
be difliculties of ingress and egress.”

Caplain Stewart, Peninsular and Oriental Company, thonght the enclased harbour with
ingle eutrance superior to a bresk-water, and saw no ditliculties tor ships to enter or depart.
1e suggested an extension of the northern jetty to cover the cutruuce.

Captain Black, (the late) Superintendent, Peninsular aud Oriental Company, South-
mpton, was decidedly in favour of a detached break-water, but admitted the valuo of a
arbour for landing aud shippiog cargoes. He did not discuss the question of one or two
ntrances.

Caplain lenry, (the lute) Superintendent, Peninsular and Oriental Company, Bombay,
:commended & groater area of harbour, and two eatrances, but added, “ If those two altera~
ons would not interfere with the project finaucially, I am of opinion that they would be

nprovements, but should they so increass the cost of construction as to nocessitate au cxtra '

harge on the shipping or trade using the port, then I am of opinion that it would be prefer-
ble to make the harbour as you propose.” (I may mention that the extra cost of the twe

atrances, 8o arranged as to give the same intornal capacity. and calming effect as tho plan
ith one eutrance, would be ahout 80,0004, :

47. Besides these opinions in writing, which were forwarded to the Governmnent of

Tadray, I had many opportuuities of obtuining valuable opivions in couvervation with practic
al nuutical men. T came to the conclusion that, while some difference of opinion did exist
3¢ preferences on the one side or the other were not stroug, and certainly uot strong enough
a the sido of two entrances to warrant the extra coss, and interference with plans for possible

iture extonsions, '

#5. I kuow of nothing which has ocenrred in the lnut five yeurs to altor the couditions
Fthe question except the continusd rapid eubstitution of stemmers for sailing vessels in the
‘ade, which has wenkened the ease in favour of the twa entrancos,

48, The modification of the single entrance lutoly proposed, unanimously upproved by
w uentical anthoritics consulted, and since savetioned by the Government of Madras, reinoves
me of the ohjections b3 the entrauce as originally dssigned,

50. T may add that the rubble base for the north pier has already beea deposited, nurl
1@ sapersiructure enmmenaed pneross the suggoested site for the northern entrance, el thot
w the zonth pier has reuchied tha site of the southurn cutrance, 1 baps wo ilea ol altering
1e present plan will be euturtaived, but, if it should ine, I belicve, the oheapest aud quickest
ode of making the alteration wonid be to finish the piers in the lines at present laid out, snd
'en remove those portions of them where it is desired to form entrances.

: LS
. o . Question of Mooring.

- BL. sjr Apdtew Chrko’s'qriticispx;hvon my proposals for moorings are based on grounds
bich” ars. entirely obsalete. The plan of mooring appended to my Report of 1873 was pnt
rwerd to meet & question raised ut the time, but was never intended as a practical sugges-
o, '!Jsfl,:m”,? in this d.iﬁzculty at Madras, '
hom ;‘;I conld wcpemtetod&vxwa gystem of moorings, the then Mastor Attendant being &
roug’ opponant of 'blw whole nc}.lg’mtﬁ; of a barbour. It was therefore necessary to submit
weh & plgn‘; a8 the ft‘gp?ge_’resp?umble tiautical puthority could amend in one of the two
rections which are ,d‘@?pﬂﬁed in my report, but as to which of the two were preferable 1

There was virtually no nautical authority with °

. -
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knew there was a difference of opinion among seamen. I had seen reason for congratulating
myself on having left this question open, for before I left India I had opportupities of congult-
ing with the two highest nautical authorities in the country, and one preferred one alternative
and the other preferred the other, each holding his opinion in a rather decided manner.

52. The question therefore remained in abeyance tili nine months ago, when, in co-opera-
tion with the present Master Attendant, Captain Taylor, I submitted a system of moorings
combining in great measure the advantages of both plans. This proposal has been approved
with great unanimity, and would, I have reasen to believe, have received the formal sanction of
the Government of Madras before this, but for the ohstruction caused by the appearance of
Sir Andrew Clarke’s report. It is not liable to'the objgotions urged by practical seamen
aghinst the proposal (certainly mever made under any circumstances by me) of mooring ships
bead and stern in » cyclone. It leaves ships ‘perfectly at liberty at such times either to put to
sea or to swing freely head to wind to all points of the compass within the harbour, at the
option of the commander and of the Marine authorities. T would again erdphatically assert,
what I have always mamtained, that there ought to be nothing in the system of moorings, 6r
in the port regulations, which could interfere with the full freedom of every commander to put
to sea on the threatening of a cyclone. Whether time and experience may not induce a greater
-confidence in the security of the screw mooring is quite another question, and one to which
the question of the advantages of the.harbour for commercial purposes has but little rela-
tioh, - ' :

The provision of Wharfs and Quays. .

53. The absence of this from my scheme is made a prominent ground of cowplaint by
Sir Andrew Clarke, but five years’ experience of the requivements of the trade of Madras
hae not led me to give greater urgeney to this demand. About 46,000/, per annum is spent
npon the landing and shipping of goods. OF this, two-thirds will be saved by the simple
provision of a still-water shore line, and the greater part of this saving will be absorbed by
the interest on the outlay for providing this. What remains will not leave much to mect the
cost of deep-water walls or jetties, hydraulic cranes, and other expensive appliances of a
first-olass port.  The call for such things may come in time, but it will be some years hence,
and under conditions very different from the present, What is at present wanted is quick and
certain despateh, and that will be best secured by the use of large cargo boats, which ean
come along each side of the ship if necessary, plying to cheap shallow-water jetties run out
from the shore, The. cost of these will he small and sclf-remunerative. It is still o question
whether they should be provided at the charge of Government or by private enterprise,

54, There will, no déubt, be an early demand for one or two deep-water quay berths
with powerful cranes, for landing and shipping articles of exceptionsl ‘size and weight, but
special cranage fees will meet the cost of these, and the means of providing them has always,
been under consideration. '

55. On the whole I have failed to disoever that Sir Andrew Clarke has suggested any
want that has not already rcceived such consideration as its urgency seemed to demaud,
though I must admit that my ideas of the mode of megting them are generally conceived on a
more moderate scale than his, - -

The Sanitary Question.

. 8. "This received full consideration at a’very early stage of my preliminary investiga.-
tion. 1t “divides itself into two heads—1s?, the interception of all house and surface drainage
from the harbour; 2ad, the prevention of poliution by the shipping within tie harbour.

57. It had been my original intdntion to include a proposal for the” first in my design,.
but as I was informed that my object wonld be effected by a plan of general town drainage,
then almost decided upon; I felt relieved of the necessity. This plan, however, fell through,
and the interception of all drainage from the harbour was then at once admitted 4s a nébeséity,
and 8 fair charge against the undertaking, Works for carrying out the object are now in

88, v ’ '
.58, With regard to the prevention of pollution by the shipping, that also is an ohject
to be kept in view, but a necessary preliminary to devising measures for carrying it out is to
obtais data on which to judge of the amount of nujsarice to be dealt with. There are fany
worse cases than that of Madvas is likely to be in which the evil is ady | 3

mitted, but the remedy
negleoted. - At present I am not aware of any place that can be taken as an example of meet.

wg the evil satisfoctorily, and it may be that it will be vecessary to create a precedent at
Madras. But the problem is not a difficult one to golve, aud its immediate solution is not’

x 1
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urgent. I may say, however, that the ideas which have been put forward of inducing a cur-
rent of water through the harbour appear to me to be chimerical. The only natural mechs-
nical purifying potwer available is the tide, which will change abcut one-tenth of the enclosed
water twice & day. Whatever this fails to effect must be provided for by stringent port
regulation.

59. Before concluding this communication I wish to correct some errors as to matters
of fuct into which Sir Andrew Clarke has fallen.

60. In the note at the foot of the photograph No. 2, taken 5th April 1879, it is said :
—* Advance of foreshore and consequent loss of accommodation within harbour is here evi-
dent.” The advance here alluded #osis that immediately to the northward of the south pier,
which, as explained in para. 36 anle, is balanced by a retreat to an eqnal extent immediately
to the southward of the porth pier. This is also shown in Sir Andrew Clarke’s own plan
(Plate III), which gives the comparative shore lines in September 1378 and January 1879.
There has, as a matter of fact, been no advance of the shore line within the harbour since
June 1877,

61. In para. 25 Sir Andrew Clarke says, ©“ The acreage has already been so far encroached
upon that, in the opinion of some seamen, it is already a question whether some of the long
. steamers of the Ducal Line could, without runaning ashore, enter the harbour of reduced
acreage.” There is no such reduction of acreage as Sir Andrew Clarke assumes, except in the

extreme south-east corner, which was affeeted by the accumulation of 1878, a part in which no . |

ship ever yet anchored. The effect of this accumulation on the system of moorings now before
the Government will be that, out of 18 berths provided for large ships, the depth will be reduced
in oue from 4 to 24 fathoms, and in another from 4 to 8 fathoms, thus muking them available
ouly for light ships. With regard to the danger of ships running ashore, the 4 fathom line
is 2,400 feet, or more than six ships’ lengths from the entrauce. Threo ships’ lengths is
geuerally considered sufficient to bring up iu, on éntering a harbour. Iu arranging the moor-
ings rather more than 1,600 feet, or more than four lengths of the longest ships, is allowed to
the nearest buoys.

Despatch from the Sccretary of State for India, to the Government of Indis, forwarding, with remarks, the above
memorandum by Mr. Parkes,—No. 5, datod 29th January 1880.

I bave had under consideration in Council your Excellency’s lotter, No. 89, dated the 15th
of August last, ou the subject of the harbour works now in progress at Madras, together with
the minutes on the same subject, by your Excellency and certain of your colloaguos, which are
trapsmitted with that Jetter.

2. Oue of the first steps taken by me on the receipt of this letter was the cominunicatiott
of 8ir Andrew Clarke’s Report ou the works to Mr. Purkes. Mr. Parkes has, as your Exoellency
will perceive from the enclosure to this despateh,® ”Pliafi
» at considerable length to the objections nrged agsinst his

scheme, and the conclusion to which I have been led, after carefully weighing the ropresenta-
“tions on both sides, is that to stop the works in question after allowing them to procecd so far
would be a step for which sufficient warrant has not besn furnished by any new facts adduced..

3. There does not seem to be more reason now than there was when the ohject was origin.
alﬁy sanctioned, for doubting whether the plan of Mr. Parkes will secure, at a cost not exceed-
ing the estimate, the kind and degree of protection which has been all alung contemplated,
or for considering the difficulties greater than were recognized from the beginning. And seeing
that more than half the estimated cost has already been expended, much stronger grounds than
have been adduced ought to be shown, in order to justify the complete sacrifice of past outlay
~which would result from stoppnge of operations at their present stage. Under these ciroum-
stunces, 1 consider that nu practical advantage would be gained by consulting avy fresh en.
gineering authority. '

. Réport, dated Goh Novomber 1878,

4
Memopandum by CoroNes E. N. Samgry, R.E. Chief Engineer, Govt. of Madras, P. W. Dept., and Carrarx
-’ L. He Tavoor, B.E., Masier Attendant, on the Colombo Harbour Works, 1881,

" With reference to G. O., No. 657 W., dated 11th March 1881, authorising our visiting
~ the Colombo Harbour Works, we desire to record very briefly the results of our inspection of
. the #same on the Hth and 6th ultimo.
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2. In the first place we would submit for perusal the documents noted in the margin and
1. Procesdings of fao Cevlon Legine  * TP showing the present condition of. the works und the
ative Council, Seswion 1880 {diseussion  Various proposals for their completion which bave heen sub-
u the Colomio Iarbour questien, mitted for the decision of the Ceylon Government.
Migee 32 o 40. ; 8. An inspection of the map will show that in the scheme
2. Further correspondence relative to . T P
the Colompo Harbour Works, with recommended by Sir John Coode tho main break-water would
?,;,‘,':"1"8';’,;'““ dubn Coode, dated 16ty o rried from its root along the line of the Isaure vouk for
3. General plan of the Colombe a distance of 4,200 feet, where would be placed the harbour
ﬁ:ﬁxﬁé'ﬂh""i"g the several achemes ) ough, 600 Fect wide, in 40 fest of water, facing the north
4. ‘Throe cross-sections of the work; west. Beyond this would be the north arm, 2,500 feet leng,
slao otie of the Maduas Breakewater. ) o o general direetion of south-west by west, .

4. The Surveyor-General’s (Uolopel B‘)’éi"g, R.E.,) scheme follows the same line as re-
gards the main bfcak-wm.er, bat is made tv curve round to the north-east, and is carried
out further than in Sir John Coode’s scheme, so as to dispense with the necessity for the so-
called north arm, .

5, The third scheme proposed as a pis aller need not be adverted to as having apparently
been rejected by -all authorities.

6. Somewhat more than half the main break-water, as proposed by Sir John Coode, heus
already been completed, and the whole will, it is supposed, be out of hand in about four years
mote.

7. Considering the high authoritics ranged in both sides of the discassion and our own
want of local knowledge, it would be out of place to express any opinion as to the merits of
questions at issue. . At the same time we feel no difficulty in saying that the work as hitherto
carried out 1s most creditable both to the projector, Sir John Coode, and to the officer who has
hitherto executed the work, Mr. Kyle.

8. What chiefly strack us in refercnce to the work already carried out was, not only the
massive section given to the break-water, which commences with more than doulle* the width
of that at Madras, there being, first on the seaface two bonded concrete blocks side by side, each
12 feet across ; second, an interval of the same width packed with rubble stone ; and, lastly, on
the harbour face a wall cousisting of single concrete blocks of the same dimensions, in all 50
foot in width, while, as the Governmant are aware, the Madras work has onl ¥ a wall standing
on the rubble base, consjsting of two concrete blocks and measuring, in the aggregnte, 24 at top,
28 at bottom in thickness. - ’ ' '

9. Io addition, we found that from the aetion of the sea during the south-west monsoon it
is held to be neeessary to further protect the seaface by tipping in wasses of plerre perdue, the
majority of the stone so used (very hard granite) being of large size, the intention being appass
ently to establish all along the face an outer rough-stone revetmont, whicl, when settled down,
shall rise o about 12 fect Lelow M.S.L.

10, It 1s needless for us to say that the work thus carried out presents a very different
seetion to the Madras work (sec annexed sectinns comaparing the two works).

11, Its massiveness is, no doubt, in great degree necessitated—first, by the way in which
the general line of the break-water faces perpendicularly in direction of tho seas during the

_south-west monsoon, to the full swing of which it is exposed; snod, second, to the violentt

manner in which the seas apparently break on the Isaure rock, slong the line of which the work
is carried. , : ,
12. The two cases are ot therefore altogether comparable, and it would nat by any ¢

_ migans fplléfw that the difference in section indicates any radical differenco in power of resisting «
i thé fortes to which the broak-waters nre respectively exposed. ‘

13. At the saime time we think it wonld a0t Le out of place, now that the Madras work
has been advanced so far towards completion (without, howaver, during its%onstruction, having
had'to sustain the shock of any very heavy gale or cyclone sea) to ask the projector Mr. Parkes
to explain his own views as to the difference in scction in the two works.

14. 1t would no doubt be satistactory to Government and the public if ho were distinetly
to affirm his opinion that the different circumstances of the Madrus work are such us to ensble
him to pronounce definitely his conviction as to its stability, not cnly in regned to the shocks

.. ¥ The root scawali from tho Patteabury bastion ad 65 feet and weets the Janction lise of tha raot aud pier ;
from chis, seawards, the 50 foet wall advances 1,: ! ;

»aiter witeh commences the 84 feob wall of three blocks, with
1o intermediate span. oy, £ A

f M:r. Kyle mentioned the fact thas, af
470 feet 1o leagth, 34 fect broad, was fou
of 1B inches at the cuter end—a remark
woather. p

o . *
Previons sonth-wegh -

cen gradnally ¥ »a&

oor, the onter portivn of the bresk-water,
arde by the antion of the ses to the extent

f the sen during foar months rwunkoen
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to be sustained by the sea in a maximum cyclone, but also in case of a keavy ship being at such
time driven against the hreak-waters as now constructed.

15. Viewirfg the extra protection now being given, as above noted, to the Colombo work
Ly means of rough stone on the seaface, it would be desirable to know whether some similar
operation might not he wanted, particularly aloug the exposed portions, espeeially the northern
arm of the Madras work,

16. 1t is perhaps as well that this point should reccive Mr. Parkes’ attention, as it will be
seen by the observations* (extract given for ready reference in the footnote, from his report of
the l4th January 1381, printed with G.O. of 31st idem, No. 256 W.) that during the rough
weather of the 215t November the upper portion of the rubble base, having, as reported, been
scooped out by the sea-action at the end of the north pier. the two outermost concrete blocks,
which had shortly hefore been set, dropped down ” abouf*3 fect, and would 1n all probability
have fallen had it not been far special precautionary arrangements previously adopted by the
Superintendent of the Works, thus showing that under certain conditions the ses-movement
extends down to the rubble base, and that too in weather which, although rough, cannot.be
#aid to compare with what may be looked for in a cyclone of great intensity.

17. The ingniry now raised appenrs to us to be the more important ns Mr. Parkes in his
concluding words, as quoted, dous not cxpressly guarantee the work against the effects of
an e¥treme cyclone, and further, as Major-General Walker, when Chief Engincer, purposely
mserted an extra item of two lukhs of rupees for the rubble Lasc with the view of affording
additional protection to the work. :

18. In conclusion, there is one other point to which, as it has & very direct bearing on all

the harhour schemes along our coasts, we dasire to draw the attention of Government, and that
i the depth of water which, with the present clase of large vessels, it is considered cosontial

to secure at the entrunces of all such. .

19. In Colonel Fyer's proposed scheme modifying Sir John Coode’s, the end of the break-
water is taken out to 85 feet depth of water; but, as will be observed, the latter, in the
fulluwing extract from bis report on the Colombo harbour, dated 16th June 1880, does not

® « Thix soa is also espocially unteworthy, begause hy'it for the first time bave some blocks, foirly set at the proper
depth aud on u clean rublde foundation, been disturbed, thas affording some direct evidence of the limits of stability of
the work. ( At the norih pier the rush of water round the end was so violout as to acoop out & hele in the rubble at the
fo0b of the blocks into which the end blocks dropped down abuout 3 feet, being at the samo tiwe Interally displpsed

' , slightly, aa shown in sketch. The iron elamps by which they
were attached to the third row behiud them were not broken
and that row and the one intermediste between themn were not
disturbed.

“ Tho most obvions effect of the sea ou the comploted portion
of the north pier was 1o strip off the railway from the top,
but this effect ouly extendod for the lenyth bnilt sinoe the last
heavy son in November 1870. 1In the older portious it was not
disturbed. The cause of this difforence was apparent on examin-
stion of the blocks themsolves. They had cvidently besm
, subjected 10 a very severe shaking, for the surfaces werw fonnd
B | to be abruded by rubbing againat aue ansther w0 such au extens
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+ duco this rosult the whule steagtary must have boen io a atare
I | of violnt vibeation, wud this would break the conpection
Semememmaan . butween the tops of the individoal blocks and the contigwens
I rigid milwny laid upon them, Wien the block work has once
/ ' been subjected to this ribruting actlon it becowes consolidated
*und rigid, aud the reilways maintain their connectipn with it
ARk ‘ The sea does not sppenr to have caused any general subsidencs.
= EA . ' * Reverting to tha subsidence of the emd bLlouks, it may be
S K @ well to point out how this bears on the suficiency of she dosige
for the permansnt pier hend. The weak puinta in the tem.
porary termination are evideatly the following : —
“ 1t —Rubble stone at 22 fest below the surface is not proof agminst the sconr of the wave rushing round the
abrapt end of the pier. :
* 3sd.—The sbruptnoss of the end increases the force of the scour,
8ril.~The hloeks bave » hold of only 4feet 6 inches, their own thickness in the eolid work.
“ Now, though the exaet form of the whol¢ of the pormanent pier hoad 6 not yet determined, yet some foatures
have loug been sottled on — . .
* lat:~The dopth of the foundation of the blocks on the rablile will be 98 fect instead of 23. .
. “2nd~There will be uo sharp corners to sggravate the seonr, the corners being formed of blocks in the guadrant
B of a cirole 13 feet radios, .
“ §rd.~~All the blocks cxposed to the end between these curved angle blocks will be sst us * beaders,” with their ends
LW dustend of their sides exposed, so #3 to huve s hold infthe work of 12 feet inatead of 44 feet.
. “ With ¥hese sidditicond elements of stability it is cloar that the permanent pier hoad will bu proof ageinsta mych
¢ bedvier sea than the temiporary one.” : :

t

a8 in sowe cases to form indentations 4 uohes dorp. Topro.

~ exert iu any direction. Again, our knowledge is very imperfect

" massive "that would otherwiss ba necessary, Thus,
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look upon this as sufficient, viz., “in a case like the present, and more epecially where there is
such a small rise of tide, provision should certainly be made to admit of the s:‘gtfe entry and exit
of the heaviest draughted ships af low waler ; thus the depth of 40 feet provided for in design
B may be regarded as the ruling working depth in the entrance. If it is desired that the new

~ harbour should be adapted for the reception cither for coaling or other purposes of the ships of

Her Majesty’s navy during the south-west monsoon, it will be necessary that a depth of not
loss than 40 feet shall be available in the eatrance. The draft of an ironclad may be put down
at 28 feet, and of the largest of the merchant steamors at 28 fect. Adding 8 feet for “seand 72
or vertical rise and fall of a ship during the sonth-west monsoon, and allowing 2 feet for
clearance under the keel when at the lowest level, thesc figures give 40 feet as the depth
required in the entrance for the safe passsge of the ironclad and 85 feet for the “ merchant
steamer.”” ‘

20. It will be in the recellection of Government that during the diseussion on the subject
of the conditions which it was considered essentizl to secure in regard to the proposed harbour
at Cochin, the Master Attendant gave it as his epinion that the break-waters should at least
be carried out into 30 feet water.

21. It is thus satisfactory to find that experts of the high standing of Sir John Coode
exact even a greater depth, and as this matter has an immediate bearing on the question to be

" solved at Pamban, which forms the sub ject of our next report, we have thought it desirable to

place his opinion prominently on record for the information of Government,

(Signed)  J. H. TAYLOR, Captain, R.N.E,,
Master Attendant,
(Signed) B. H. SANKEY, Oul., R.E,

2nd May 1881. Chief Enginecr, P. W. D,

v‘Rop{)rt by W. Parxes, Esq., C.E, on the width of the break-water adopted at Madras and the necessity for any

special proteation of it,~~23 Abingdon Street, dated 4th August 1381,

Madras Harbour,

In the G.O. No 1436 W. of the $th June 1881, I am requested to offer such observa.
tion: as I may desire on a memorandum signed by the Master Attendant and the Chief
Enginecr, on the harbour works now in course of construction at Colombo from the designs of
Sir John Coode. . - TR

2. In the remarks I am about to submit 1 shall think it right to abstain as fap as possible
from any comparison of the conditi -8 to be me 2t 'Col.ombo and at Madras, or of the mode
in whieh the engineers of the vwo Works have, in the independent exercise of their judgment,

endeavoured to moet them. 1 shall simply address myself fo the very legitimate questions-

T M‘ <oy tp «ae propristy of the width of break-water adopted at Madras,

" wd.—#s8 o the necessity for any special projection by large stone of the surface of the
" { rubble base bayond the walls of concrete blooks.
- 9. 'The detexmination of the proper width for a break-water is ons of hose questions which
_car-00t he boged: wpon any definite duta. It is seldom possible to ascertain the maximum

uright of the waves at any given site, and even where that is knowg there is no definite

kriowledge ns to the relation botween that height and the force which thq beaviest waves may

_ a8 to the way in which the
waves themselves are acted upbn by the works intended to withstand them. Break-waters vt

some forms act upon the waves on their first contact in such a wav as to intensify their
destrv ctive force upon another portion of the work, and thus these works require t¢ be more

. theory is almost entirely av fault in thig
queshion. a ‘

4. Practice and expericnce are not much mors satisfactory than theory. There are
numerous examples of damage by wave action, but thess are with very few exceptions due to
imperfeamons_ which are ‘quite independent of the width of the whole work, The dama re
geneally begine by the loosening of an individual block of stone or concrete. This forms tﬁe

eommencement of a breach, which ig widened by each successiveo wave, and the work is destroyed

in det,ail.. Up to 1872 T do not think there is any case on record of a portion of a pier or break-
water being moved as a whole maass by the force of the waves. k

-



104 CONSTRUCTION OF MADRAS HARBOUR.
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5. In December 1872, however, such a case accurred at Wick, in the north of Scotland.
Tt is deseribed in the Minutes of the Institutiou of CivitEngiveers by Mr. David Stevenson,

the Engineer of the work,
’
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The chove sketch roughly represents the wark. A A is a pier of very massive masonry of
the usual kind. The shaded portion B is a mass of concrete and masonry, 26 fect lony, 20 foet
high, averaging 46 feet wide, and Weighing 1,350 tons. During a heavy storin in Qreembes 5
1872 this mass was moved bodily from its position and deposited entire on the gubhle 5?’-5!}" ‘
the pier. After this protection had been removed the sea attacked the main body of the piee
from the expcmed end and destmycd it in demﬂ {n the usual manner for a length of 150 feet.

6. The pier Was'subsc(luently restorced; and®s 1 ow monolith placed at its end, of the same
length and breadth as the fortaer one, but secyred by bows +o the portion C, muking the whole

' mass 2,500 tons. This in its turn wos carried away as its Prevcsessor had been. :
7. It will be easily understood that these extraordinary 0ccin.ésng were matters of deep

interest to ongineers connected with marine works, When the. particals. pecame known to
me the break-water at Kurrache, 24 feet wide, had been completed, and thu.~ gt Madras of
the same width had been sabctioned for execution.- I carefully reviewed the bas of my own
conclusions with this new fact before me, but I soon found that an indiscrimivatiog dnplication .
of the lesson would condemn, not only these works, but many others which have stood 1.2 tut .

of many years’ experience, and I ultimately saw no reason to alter my own designs.

8. An occurrence at Kurrachee which took place six months after the carlier one at Wics, "
- added another ‘important fact to'our data. . It may be remembered that the first fow hundl:ed' ‘
feet of the Manora break-water soffered repeatedly from the failure of the foundations, which . .

canged the displacement of several blocks. The most korious case of this invelved the oomplete
. overthrow of tbe harbour side wall for & length of about 80 feet, leaving the sea side wall,
* consisting of a single row of blocks, standing 12 feet wide, without any support. This #tood
perfectly throughout the remainder of the monsoon. This direct proof that 24 feet wys more
than enongh at Kurrachee seemed to outweigh any indirect conclusion from the unprecedentrd
-accurrence at Wick, . , )
9."X should mentjon that the force of sea at Wick is scknowledged to be most exceptional.
A competent observer estimated the height of the waves at 42 feet from hollow to crest. The
highest wave messured at Karrachee was 15 feet. None have beon recently measured st Madras,
but s former Master Attendaut, Captain Biden, estimated the maxupum height at 10 !e.ot.
The most extreme alarmist therefore could hardly suggest the®necossity of Madopting the Wick
proportions at either of these places. el

4

: o~ .
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10. T may state, however, that the only portions of the Madrat work which can be subject
to a destructive force similar in kind to that at Wick, though less in degree, are the pier heads.
These, for other reasons than stability, will have dimensions considerably in excess of those at
Wick., The bodies of the-piers themselves will be 45 fest wide, and this width will be further
supported by a return towards the shore 75 feet long. It is therefore, I think, impossible to

_imagine them liable to any such damage. ‘

. There is, however, another effect of the sea, in consequence of which some engineers
have considered it desirable to increase the width of break-waters. There is no doubt that
under a heavy sea the whole superstructure is subjected to a violent vibration, especially if it
rests on a yielding foundation. This vibration would updoubtedly be lessened by increasing the
total mass to be vibrated. But the necessity for this depends on the effect produced by the
vibration. A mass of bonded masonry has its coherence entirely destroyed by such an action.

The effect is like that of an earthquake. T have seen such work almost reduced to the appear-
“ance of rains. But the effect on the unbonded w}ork'of the same dimensious at Kurrachee and
Madras is very different. A heavy sea upon the last built lengths of either of those works has
uniformly served to consolidate them and improve their.condition, and the second sea had little
or no effect. This I consider & most important result of our experience at Kurrachee and
Madras, and 1 am happy to say that it is about to be further tested by the adoption of the -
unbonded dystem in other places by twq of the most eminent Murine engineers of the day, who
are converts to it. ‘ ‘ ‘ ’
12, Such are the grounds npon which I eonsider that a narrower break-water is justifiable
st Madras than has been considered desirable in some other places. But I must repeat that
there are no definite data upon which-the proper width can be determined. An experience of
ten years at Kurrachee and of five years ut Madras without the slightest indisation of weakness
in a 24-fect hreak-water has no doubt increased my expectation of its absolute stability, but in
fealing with such a force as the sea I am not disposed to accept the invitation * to pronounce
definitely my conviction’ on the subject. When the long-threatened cyclone visits Madras it
will no doubt teach a lesson. T wiil not speculate whether the alarmists will be taught that
theix fears were unfounded, or that a more or less unexpected weak point will be detected in the
‘work, All I feel justified in saying at present is that I see no remson for thinking that the
break.oraters would be strengthened by adding to their width, nor can I at pfésent suggest any
other way in which they can be made more secure. o ' o

18. With respect to the second question, that of covering the surface of the fore-shore with
large stones, I would remark that where such covering is resorted to, it is’ generally with the
view of giving additional security to the foundations of the vertical sea-face. But such security
may be given in other ways—- ‘ : :

1s¢—By founding the walls at a great depth below water. : o ‘

9nd.—By using blocks which have a ‘greab depth of bed and consequent hold in the wall,

3rd.~—By reducing to a minimum the height of the wall above, water, so that the waves .

may expand themselves over the top of the break-water instead of falling, with -
accelerated force on their recoil, down the sea-face. = o .

14. In these particulars the design of the Madras break-waters is carried further than in
any other work with which I am acquainted, and I intended these particular features to be car-
rigd #0 far ap to make us quite independent of the use of large rough stones. These are more
ﬁdﬁ l;;mmlly difflonlt to be got at Madras, and the éxecution of the work was materially simpli-

+ thietm, and T have bvery reason to be satisfied with the result. : ,
.~ 15, In speaial vases, however, the principle is 'adopted at Madras, Thus, near the com-
mencement ‘of the north pier, where the original depth of water did not admit of deep founds-
tions, the shallow foundations are protected most effectually by a foreshore of large concrete -
blocks, and ‘it i further intended, as an extra precaution to place some large blocks at.the feet
of the pier Liead walls, where the waves will rush round with great force, but for the ordinary
face of the sea-wall there is such an ample reserve of stability in the depth of foundation and
_the great length of the blocks, 14 feet, in the wal), that any special protection for the surface
of the rubble is nnnecessary. N ' _

ensing with their use. The deep foundations: may be viewed as a substitute for

*

Note by .Qo!.onlt. Siyxxy, B.E., Chief Bugineer, Govt. of Madras, P.' W, Dept., on the above,~dated 11th
‘ . S ~ August 1881, :
" In G.O, 8th June 1881, No. 1436 W., Mr. Parkes was invited to express his opinion
regarding the small section of the Madras Harbour piers as compared with that at Colombo.
His reply, dated 4thAuguss, has been forwarded under the despatoh from the Secretary of
State, No, 26 of the 26th idem. : o :
oo o ) o ’ .. Y
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2, The questions practicaliy rused as put by Mr. Parkes wete— *
13t ~As to the prepriety of the width of the brek-wuter alipted at Madras. _
il A to the necessity for any special protection by large stone on the surface of the

rubible buse bevond the walls of conerete blocks.

§

3. Notwithstauding the great wind presgure observable in a severe cyelone at Madras, few
who have witnessed the phenomena at sneh times would be disposed to question the general gon-
tention of Mr. Parkes that the height. of the seas ut such times as messured from summit to
trough is very sensibly loss than is the case v many other parts of the world, and particulprly
in places like Wick, exposed w the Tull swing of the Atlantic rollers. L

4. The validity of the ¢ unbondcd system ™ of construction, confirmed #s 1t has heen by
bthe effect as atated by Mr. Parkes.that heavy seas upon the Inst built lenrth of the piers  has
uniformly served to consolidate them and improve their condition,” seeras also 1o be beyond
controversy. . .

5. Still neither of these contontions guite meet the guestion raised by the Chief Eugineer
tind the Master Attendant, which was that if an acknowledged high aathority like Sir John
Coude found it necessary to give o thickness of 84 feet to the geotion of hix pier in deep water,
it wag not clear why the thickness at Mudras should have been reduced by 10 foet. Nor aré 77
ihe arguments adduced in support of the narrow seetion strougthened by the expression ol .
Mr. Parkes’ opinion, in parngraph 12, that he acus< no reason for thinking thut the break-
waters would be strengthened by adding to their width.” i

6. From paragraph 13 to the end of his latter Mr. Parkes deals with the second question.

7. The Chief Engincer and the Master Attendant, finding at Colombo that large masses
of granite weve being tipped over the seaward face of the work, so ax to form an apron of ine
destsuctible material. considered the question of somo similar cxpediency at Mudras to be worthy
of atteution.

8. 'The outer portions of the rubble base at Mudrus is coraposed wholly or in-large proper<
tion of laterite, which, il not oxposed [or long periads to the action of the weather in tho form

" of detached boulders, i» held by engincers experienced in its use to be an extremely unreliable

material. Though possibly bard an the surface, the interior maay be quite soft, and for this
reason has long been rejected as a building material, excepting for very minor structures.

9. Tt being desirable that the behuviour of this material, as applicd in the rubble base,
should be ascertained, the Superintendent of the Works, Mr. Thorowgoud, was requested to
state the facts, Hir observations are as follow 1eme

“ The settlement of the two piots at their onds is at present (SLh Septomber 1881) from L feot 10 inghes W
2 feet 4 inches from the time of setting tho blocks till the titan hav travelled over them. ‘The grotest total
settlement at the south pier has been 4 fvet, and this brought the vop lovel ¥ inches too low ; the grestest ut the
north pier bay been 3 feet 8 inchee. ’ i

“ When the blucks have onos made their great setilement there is never auy subsequent depression beyoud .

“The plues of gmatost settlowsent aro at 3,600 fact worth pier, and at 8,000 aud 8,800 feet south pise,

“The height of the ruhble bank is now 27 feot before suy blocks como on it, av *he greatest cowmpresmion 18
about ene-seventh ” (of the total height). .

10. Inis subsequent note, dated 16th September, Mr. Thorowgood obscrvers in regard to
the laterite i— .
“ It has Yean one of the greatest difficulties in the construction, bocause we have had always to sllow for the
oomjpreesion ay the titan passod over. .
- *There id, however, absolutely no further settlement aftor this ficst and great subsidence. The laterite

v " becomes coveted all over with barnavles and shells, and the bases themsclves approach a natural conereto i
" - thaiv struoture,”

© 11, When fgrther asked for the reasons oh which he had based the opinion expressed in |
the last quoted words, Mr, Thorowguod says in his note dated 3rd October——

“Ijﬂﬂkeﬁ;of the siatc of the base by the resnit of deop cxcavations in laterite that has hoen a long timo
depusited, aud which is very havd to shift.”

... 12. Notwithstanding what has been said in favour of this material, the fact remaing that

there has been a greater amount of total subsidence in the rubble hase than would have heen o

‘the ¢ase with a harder material like gneiss or granite, and this must leave a doubt as to
whether sugh gubdidence is not accompanied by the crushing of the material itself, further

* that the titan in passing over this forms a compacted surface of the crushed material while

~leaving the interior of the mass to a considerable extent in ita original condition.

.+ 13, Whether this be a perfectly satisfactory condition for the future of the rubble bass,
\ mqn]meewﬂl ‘show, but whatever the state of the interior, none of the material on either vide
iside the toe of the comorete blocks is now in apy other condition than when first duposited. -

J

me kind of protection which has been deemed essential at Colombe,

‘ “"{‘”8 with reference to this part of the work that the suggestiomoccurred of applying {'f
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15. Mr, Parkes, after a clear exposition of the principles to be followed in affording
security to walls constructed on bases of loose stone, states as his conclasion that ““deep found-
ations (7.c., sea walls carried down to a sufficient depth below the sea-level—in the case of the
Madras work, 24 feet) may be viewed as a substitute for ¢ protection, such as that now being

" employed at Colombo ’—~and adds that at Madras « there is such an ample reserve of stahility in

the depth of foundations, and the great length of the blocks, 14 feet, in the wall, that any -
special probection Por tho sutface of the rubble is unnecessary.”
16. Mr. Parkes is acknowledged to be such a high authority on marine works that the

. Government may well feel disposed to accept this definite expression of opinion @s conclusive,
Cyet it would certainly have been more satisfactory had the reasons assigned for this opinion

borne more directly on the facts of the case, and particularly in reference to the compnratively

roft quality of the ‘material used for the rubble base.

17. Water, whether salt or fresh, acts on well-asceriained laws, and one of these is that
a mussof water in motion when coming in contact with a vertical object, whether it be a
bridge pier or sed wall, must find room for escape. The low sea walls as shown by
Mr. Parkes, admits of-this to a great extent by the simple process of the mass of water in the
upper portions of each successive sea paseing over the work. But for the lower portion not
so vented there is no other escape than down the perpendicular face of the wall till it impinges
directly on the foundation; and it entirely depends on the character of the material in the
latter whether it is eapable of standing the attack. .

18. With bridge piers this action is-well recognised by engineers and provided againet.
As showing the effect of a downward scour of this charactet, the case of one of the great wells
for the Sutlej Railway Bridge has been cited. Here the stream a,tbucking\ this portion of the
work, passed, it is said, down the face of the well, seouring the loose foundation out to a depth
of some 80 feet, when the well feli forward up sfream. . , .

19. The question, it will be thus seen, is one of the capacity of the rnbble haSe, composed
as it is of laterite, to resist the down scour on necasions of extraordinarily high seas, and is not
merely dependent on the depth of the base below the surface of the sea, or again of the manner
in which the sea-wall or pier has been constructed. o :

20. Should Mr. Parkes be perfectly satistied that, notwithstanding all appearances to
the contrary, the conditions have been fultilled, there is really nothing ‘more to be said on
the question. .

21, If Mr. Parkes prove right on this point he may justly claim to have exeenied a work
on bolder principles than elsewhére ; and, as his work, judged by the length of the piers, will .
not have cost probably oue-half of that of Colombo, foot by foot of length, he will have every |
reason to be ‘proud of the achievement and to claim as a distinet merit the comparative

of his great work, , .
cconomy of HIS & (Sd.) R. M. SANKEY, Colonel, R.F.
11th October 1561, ‘ *  Chief Engincer, P.W.D.

Report by ¥. N. Taorowaoon, Esq.. M. Iner. C.E., Saperiutendent, Madras Harbour Worksfex(x the damage
done to-the Works by the storm of 12th November 1881,—No. 65 W., dated Madras, 2Ist November 1881.

1 bave the honour to submit as detailed a repcrt as'T am able of the damage sustained by

‘ o these works en 13th November. The destruction of the two

piers is, however, so very extensive that, even at this date and

without having lost any time; my information is somewhat

: : mepghe.. ’

2 Precautions for bud w...’:r—On the afternoon of the 11th November I received a

private note from Captain Taylor warning me that the weather was susyi::ious ; but as I have
taken all the precanlions that were in {my power to protect the works and the plant, I could

Three ncoomph.nimenh {pbotogriphs).

~ da nothing more when this warning was received.

The two titan cranes were withdrawn as far from the ends of the piers as I considered
safe, and my reasons for leaving them where they stood instead of taking them quite back
were these 1w : o ‘ o

1. On two vceasions at the north pier, and on one occasion at the south pier, the work
has been rather badly damaged nearer shore than where the titansstood on these
occssions to which I refer; and I have, from long observation, come to the conclu-
sion {hat a position a short distance back from the end has hitherto been better
than one mearer shore. ‘

1I. The position I selected as storm quarters for the titans this season was where the
blocks are more deeply founded than anywhere in their rear, and therefore loss
likely to be undermined. Moreover, the surface of the piers was from 85 to 45
feet wide at these places, and consequently there was a good margin of block work

ol
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on each side of each titan (the span of which is 20 feet only) ; 1 therefore judged
that, as in November 1879 and 1480 these muchines had stood well in heavy seas
on anarrower pier and shallower fouudatiou, I was not incurring any unwise risk in
firmly seenring them at the commencement of the pier heads. And in this position
they were maie fast in every way possible,

3. Position of the  Hobart” aid ** Salishury.”’~—Similarly with the steamers Hobart and
Salisbury, 1 bad moved them from the south 1o the north of the harbour, and they were
maored by three anchors and a steru fast in absolutely the best berth in the whole bacbour
during » north-east sea.

4. The storm.—The sea rose in the night of the 11th, and by 8 aM. of the 12th was
running very high, and making a clean sweep of the north pier and the Titan at the end. It
was also attacking the outer portion from the curve of the south pier with great violence. The
wind was not high, nor was there very much white water out to sea, but the waves were very
‘much heavier than any I have seen here before. * At times a sea would strike nearly the whole
leitgth of the outer portion of the north pier at the same moment, then shoot up in the air
- and fall in a powerful cascade over the inner row of blocks. This is noteworthy, us will be seen -
when I describe the nature of the dumage.

5. Force of the waves.—With regard to the force or height of the waves I have no good
record. 1 have seen much heavier aoas in the German Ocean, but I have not seen any equal to
it during my five and a quarter years’ experience of Madras. I may mention that Mr. R. F.
Chisholm, whoge judgnaent in sach a matter must be admitted to be very sound, inforns me that
he considered the seas of 12th November were much higher than those which accompanied the
storm of 1872. I think this should be taken much into consideration, as there is a prevailing .
impression that, because there was not much wind, there could not be a very heavy sea. .

6, Loss of the titan cranes.—Ab about 10 a.M. on the 12th the sonth titan avent over iuto
the harbour suddenly, snd much of the outer portion of the block work was destroyed. At 1%
noon the north titan subsided gently down behind, paused a little, and then was likewise over -
“tnrned on its side. There it lay for some hours. The north pier was seen to be badly breached
alsp, but the séa Wus now su very violent that nathing could be made cut with certainty.

1. Loss uj ihe steamers.—The steamers Hobart and Salirbury were all this time lying
quietly at their moorings, and Mr. Boteler, the Mooring Foreman, who had gone on board io
the morning, remainoed there all day." As the vessels were Iging quite steady, and no message
was sent ashore from them binting that they were not holding well, I had no anxiety about
them. ~At about 4 v.M., however, the hawser which anewered as a stern fast brokéd, and almost
at ‘the same time the wind got more easterly. Shortly afterwards the (astenings which connect-
& ‘the two vesscls gave way, and they parted company and were thendn danger of sinking.
Tl ]}ﬁt row it was found impossible to get a boat or a catmmaran out, and tho distauce (300 yarde).:
‘wam too great for the rocket apparatus to be used, and hence ensued the lamentable ‘lows of lifé:
by the foundering of the vessela alrcady reported. Mr. Boteler, who went on board that
morning, by a miraculous escape got ashore with a life buoy after being for a long time v the
. surf. - 8ix of tne erew were alse saved by their own eudeavours and exertions,

" 8. Damage to north pier~1 will now proceed to describe the damage sustained by the
two piors, commencing with the north. ‘The bank of luterite rubblo at the commencement of -
thg pier known as the “surf-bank,” which was completed in October 1878, is wuch knocked®
,aif)ong by the waves ou the north side, and a clean breach through was made just in the rear of
the fitst conerete block, set in December 1878, Meusuring from this puint, the first 100 feet of |
pier i8 hardly atfected at all. Beyond this distance the rails and sleepers have been torn off, and -
there are signs of the centre joint of the blovks baving slightly opened for a length of 2,060
. from the commencement. From 2,050 to 2,240 the centre joiut has opened & or 6 inches, the
" opening being caused by the north row of blocke moving outwards. Never before huy this
- result appeared with work founded at a depth of 19 feet beluw low water, but we have on
other occasions invariubly noticed that the result of a heavy sea has been to close the centré.
“joint, even to grinding. together of thie blocks.: On examining the rubble base on the outside of
"the ‘wall along this part {2,100 to 2,300 about ), I find that it has been scoured away for »
depth of 5 and 6 feet, slightly undermining the blocks. The sarface of the rubble is left now at
a depth of 22 feet below low water. It formerly was heaped up well over the Lottom course,
_ but now the under-side of that course is exposed. The slope of the base has been fattened,
. and %h,;\t i’ swept fromi the top has been drawn put over the toe of the slope. W
- 8. Ata distance of 2,240 foet the ruin commences. There now follows nearly 100 féet of|
pier ity 'which the outer or tiorth row of blocks bas been swept away, having falles in the direce|-
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the lowest course being in some places broken, and the upper blocks have fallen outward in such
confusion as to render it difficult to identify them. Some have fallen over the edge of the
rubble bauk, At places here we find the rubble lowered as much as 7 feet, and the blocks
undermined, fallen over, and broken. . -

10. From 2,800 outward (the carve terminates at 2,937 feet) for 200 feet the bottom
blocks remain sound, but are slightly undermined on the north side, the rubble base having
been scoured away for a width of 6 feet from the blocks. The upper blocks have here (and from

~ here to the end) been knocked over into the harbour, and have not fallen towards the north.

) 11. From 3,000 feet to the actual end, 3,870 feet, the lower courses remain in fair order,
byt a sort of hollow, or ditch, has been scoured in the rubble base in many places at a distance
of 3 to 8 feet from the blocks, and in many spots the lowest block is undermined. The action
of the waves against the wall has, without doubt, been felt at a depth of 24 feet below low
water, ‘ . . )
12. At theextreme end, which is founded at a depth of 25 to 26 feet below low water, the
(296) quadrant, or eorner block, has stood well, but has settled dotvn
: 2§ feét. Also twenty-one rows of blocks at the back of the
quadrant remain in fair regularity on the outer side. On the inner, or harbour, side the top
courses, and often the secoud and third courses, have been sent flying into the harbour. The
rubble base at the very end was, before the storm, piled up 4 feet above the bottom of the
blocks, and it is now scoured out to 4 inches below the blocks in one spot.

18. The pier Aead.~The pier head, by which I miean the last 150 feot of the pier, has
gtood the sea fairly well, and has failed by sheer fores of blows. It ie true that only the
northern half of it remains, but that remains with much regularity. This is the deepest found-
ed part of the pier, it is the widest section, and on a wider rubble base than the rest. These
add to its secuiity.  But another reason may be given besides, vie., that Mc. Parkes sanctivned
the use of a greater quantity of cement per block in this part of the work, and, as a consequence,
the blocks have not broken so much as in the other portions of the rained wall, '

A 14. The ruin of blocks along the imner, or harbour, wall of the pier has prevented my
getting many obsetvations of the bottom, but where Mr. Beardmore has sounded at present it
seems that the rubble base has not been disturbed. This is clearly the case at the place where
the north row of blocks have fallen over northward.

+ 18, North titan.—~The titan crane went completely over duriné the 12th November, and
is now buried by the blocks of the pier head. it is useless to speculate on how it came to
fall, but I Mncy that first the hind wheels gave way and it then capsized, afterwards to
tumble over in the general ruin. o ’

16, Svath pier damage.~—There remains a greater length of the south pier ittact than of
the north, which no doubt is due to the protection given by the latter. The wall stands quite
secure to 2,550 feet from the commencement, and there ha¢ been no opening of the centre joint, -
as at the north pier. Up to nearly 2,809 from 2,550 there remains the inner, or north, row of
blocks standing secure, but the outer row has been knocked over ontvstards. There thea follows
a gap of about 200 feet where the blocke have fallen southward in such coufusion that at
present I cannot sdy what bas occurred, nor whether the bottom blocks remain in‘position..

17. Following the foundation ocutwards we next come to 100 feet, where there appears to
be no variation in the lower -blocks, which are the same as when set. But from this point

L (3,100) outward there is much underminihg of the rubble on the outer wall, the depth of scour
‘ _being in some plages as much as 8 feet below the bOROIP. of the lowest block. Throughout
- the remainder of the piey where damage has occurred tlie blocks have fallen inwards. From
13,100 to 8,140 there is much scour and undermining of tubble, whercas frgm -3,140 to 8,200
* the rubble is heaped up ﬁgninst the blocks. There dods fict. appear to be, any place whera the
a .

bottom blocks have actuslly disappeared, but the amount of sinking is most remarkable,

. 18. South pier head.~The actual end of the south pier has suffered severely, although
founded at a deptiof 26 feet below low water, The lower blocks alone remain, and these are
undermined by the eddy round the end. The upper blocks at this place have fallen over in
hopeless confusion, and the whole seems to have sunk very much.

19. But the wreck of the south pier is not so great as of the north, even in the outer.
portion, except at: the very end, as there remain three sections, or islands, in the whole dumaged
length of 1,400 feet, the aggregate length of which is 810 feet. Whether this is in any
way due to the fact that the base is chiefly found of the Pallavaram stone justead of
laterite, I will not venture an opinion, but this difference between the two piers does exist,
The firat of these islands is 40 feet loug and is at the end of the curve, at a distance of 3,020

“tion of the wavey that struck it ; the.inner or south row of blocks, however, remain stationaryup =
02,440 foet. : From 2,400 to 2,800, all of which is on the eurve, the destruction has been: wery "
 weversy aud for: 100: foet in this length the blocks are moved to the very bottom, the blocks in i ! .

v
{

" feet from the commencement, where the bottom seems to have been undisturbed.: Tlen, again, '

- at 8,870 feet there remains a portinn of the pier fairly complete for &0 feet, but greatly sunk
down. Here there is no undermining of the hase. Agnin, at 3,720 feet from the commence.

 ment there is & length of about 100 feet of the pier whioh is bhurdly damaged at ali, but sunk .
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down to almost high-water level. The rubble base at this point has not been scoted away
from the bottom blocks. From this point to the end at 3,950 feet there has been very great
settlement, but at prosent I cannot accurately ‘give the awmount. Iv appears to be quite 3

feet 6 inches. Levels will be taken when practicable. : con ‘ o - - ‘ AM N2S.
0. South pier tifan.~The south titan crane has fallen over into the harbour where it SRR ‘ (ﬂ[) ' ’ :
stood, and is not so much buried with blocks as the north crane. It is quite possible that this ' R

machine may be recovered.

21. Damage to coast, north.—~The devastation caused by the sea of the 12th along the * ;
coast to the north is very great, but the harm doune is almost entircly the result of actual wave Ve P
blows, not of erosive action. The railway that we had constructed to carry material to the S ‘. R
protective works is almost entirely destroyed, but the materials will be saved. The revetment e T IR ; 3
along the road by Mr. Coleman’s house i¢ much flattened down, and the walls of compounds M A LRAS HARBOUR  DIAGRAN NO I
beyond are broken down by the waves washing over. . Co . e e o ] s

22. The sea encroached badly opposite the Biden Sailors’ Home and all along that portion ‘ P : L ‘BLOCK PLAN
of*the coast. oo e : NS

28. Further to the north the damage was not so serious. I have had many applications - i ‘ L P R T
for repairiug the walls which the sea has demolished, and I suppose I ought to repair them . [ ‘j,-,_,;v,,‘v:"‘c,e' - '
again, as I did so in 1879, But it is pretty certain that, if there had beew o harbom at all ‘ T g '
such waves as we had on the 12th would have done much damage. , o X Ll

24, Buoys.—Among other damage done in this storm there were six of the new buoys . L :
carried away. It is hardly necessary to say that they did not drag their moorings, but in every
case some part of their chain gave way, The large buoy that was moored to four screws was one
of the first to come ashore, and it is clear that the shackle of the chain failed in this case, My
divers have not succeeded in getting the chain up yet, as it buried itsell in the sand, when i
fell. Four of the other buoys failed by the shackle giving way, aud the sixth huoy failed by
the mooring ring breaking. .

25, The chaine and shackles of these buoys nre of first-rate workmansbip and nmtmal bat
there is no doubt that the pins of the shackles worked free, although sccured in their places by
a small turned pin of steel. This is generally split at onc end to prevent its working ont, but
in these moorings there is no such split. The cables of all the buoys were ragher tant, but it
was absolutely necessary to have them so taut that the swweln were clear of the ground ut low

- water. The buoy to which the two steamers werc moored came ashore in the evening of the 12th,

26. Message to My, Parkes.~1 telographed to Mr. Parkes on the 12th as follows ;=
¢ Heavy sen. Both titans gone. Much damage to piers.” And aguin on th® 14th T tele.
graphed more details and of the sad loss of the steamersund crew. I received on the 16th the |
following message from Mr. Parkes:—¢ Passage taken 9th December. Wire, when known,
stato of remaining eourses in dsmaged parts.” And to this I have replied as concisely as I could:

27. More will be known when all our levels aud scctions have been plotted, but at present
T have given all the informdtion I have beeu able to get by means of divers and soundings. It
i perhaps rather general, but I trust that it will serve to show the degree and nature of the
damage done. In the meantime greater details are being obtained every day by Mr. Beardmore,
who is constantly akeat.

28. There ate some protective works that might be done to the remaining portion of the
north pier, but I really hesitate to do anything until Mr. Purkes has seen the work as it was
on 13th November,

29. I forward some photographs of the damaged work with their deseriptious written on
the back. They form a painful contrast to the photogruph 1 recently had the honaur of submit- -
ting, taken on 8th Ostober.

-
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Repost by G. L. MouraWontr, Big., Consulting Enumcor o the Government of India for Btate Railwaps, on I R
 the Mad.ru Harbour Works after the Cyclone of 1881,—dated Calcutta, st March 1882, ‘ BN S

Mapras Harsouz. .

1 have the honour to report that, in compliance with the instractioas cnntmncd in your
letter No. 71, dated 8th February 1852, 1 proceeded to Madras with Lieutenant Stiffe of the
Royal [ndian Marine, and, in conjunction with that Officer, made a thorough investigation of
the harbour works there, and cu]lacted such evidence as was pheeusary to enable me to arrive
at definite conclusions on the pointd which you have referred to sne for my opinion.

¢. Fhroughont this investigation, although I livee discussed every pom* of detail with
Lie ummmt Stiffe, and derived from his technieal knowledge and expenence much valuable
inforration and useful suggostions, and although I believe that our views have coincided in
ail questions of importance, yot I have thuught it desirsble that we should each rubwiit to yon
Eeporats PR independent reports, au arrangement which will allow us respectively to lay cur
views before the Government more freely and decidedly than wounld be poasible were our
reports coribined,
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CONSTRUCTION OF MADRAS HARBOUR. _ Ci111

)

3. T arrived in Madras on the [5th of February, and having reporied my arsdval, 1

recsived every assistance possible trow His Exeellenvy the Governor, from €olo m“i Sankey,
the Secretary, from Captain Taylor, the Port Gilicer, and from Mr, Furkes, Who kmndly placed
at wmy disposal all the information he possessed avd rendered me valuable wid in wy
investigations, _ .
4. My fizst aim was to ascertaln generally the position of the fallen blocks, and this 1
bave heen able to do from the careful cruss sections which have been prepared by Mr. Beardmore,
and from the notes of Mr. Underdown, an cxtremely intelligeut and experienced diver, sup-
plementetd by personal observations which I have made myself, boih by mecans of the \iounuing
fead and the diving dress.
5. Before Urecord the vesnMs of my investigalion, it will be desivable to describe bric Ay
the charanter of the harbour and harbour works, n,ud the storm that has so severely dam%e d them.
6. Madras formerly had a perfeetly open roadstead with a sondy beach, il Which the
depbh of water increases rapidly close to the shore, but more gradually as the diztance from
- the shove increases, A B
7. At 1,009 feet the depth is & fathoms, at 2,000 it is 6, at 3,600 it is 8, and, al 8,000
9 fathonis, thus only shouling 1 fathom in a distanee of 2,400 feet outside the havhomr,
8. The currents appear to be stropgest From the sonth-west from May to July, and from
- the north-east from November to Deecmbur, they are evidently light, but ne systematie oy
authentio experiments appear to have been made to determine their intensity,

9. Captain Taylor, the Port Officer, estimates the average strength of the current ay %
miles per hour, and the maximum rcporteul is 3 miles per hour. WIr Parkes states that he
made only such experiments on the strength of the currents as enabled him to form the upinion
that their intensity was too slight to affect the works wn any way. The south-west ‘donsao
has a tendency to produce ground swell, while the north-east monsooun pv nducm chopping seas,

10. The ravge of the tide between high and low water varies from 2 to 3 feet.

11. From Jxll the mformation T ean obtain, it would appear that the waves produced by
. either of the ordinary monsoons are not of sufficient magnitude to be dangerous or destructive

“to the barhour works, but those generated by the eyclonic action are alone to he dreaded.
‘ 12. Taking the periods smd position of 20 severe cyclones that have occmrred in these
-seas between 1787 and 1873, I find that—
. ‘ 1 oceurred in March.,
8 » May.

! _ 8, 5 Oectober,
-8, »» November,
P 5 December,
20

OFf th ese, 9 wers to ﬁbe north, 8 to the south, 3 at Madras.
13, The formation of a detached break-water was proposed several years ago, and on the
i recummendation of Captain (afterwards Sir Arthur) Cotton, some loose stone was deposited in
is year 1835, and allowed (o form its own slope as acted npon by the waves. 1t appears, however,
this work did not advance beyond the experimental stage, forin May 1889 the Master Attendant
off Madras repovted that the length of the work from N.N.E. to S.8.W. was found to be
abeut 76 foet, and the ecxtreme breadth from E.S.E.to W.N.W. was about 55 feet, the
- soupdings varying from 12 to 25 feet. He also reported, ““The stones do not appear to have
- been, moved by the action of the sea from where they were originally placed.” The remains
of tﬁls experiment are smll extant near to, but slightly closer to shore than,"the jetty head. I
have ma,rked the position of these stones in Diagram No. 1. '
1%. The screw pile jetty was constructed many years before the commencement of the
present: harbour works, which were commenced in December 1876 under the supervision, and
on the designs, of Mr, Parkes.

«  15.\The general plan of these works is indicated in Dlabram No. 1. The north pier
was commenced on the ) 7th of December 1873, and the south pier on the 19th of November
1877, Thb construction of the north pier in advance of the south pier caused a large accumula-
tion of sand in the nroposed harbour, but as soon as the south pier was run out mto 8 sufficient
depth of water, the accumulation of sand in the barbour ceased and wus transferred to the’
outside of tho harbour in the angle formed by the south pier with the shore. ‘

. 15, Lons1derable difficulty was experienced in laying the blocks owiug to the accumulae
. tion of sand in shoal water ; but so scon as the pier ran into 4 fathoms of water, all difficult ¥
ceased, and the work of Luying blocks was carried on without further mtcmuptmn. The scuth
pmr, 3,970 feet, Iong, was built between the 19th of November 1877 and 81st October 1\251
or in 1,342 duys, giving a rafe of progress averagite 275 feet lineal of pier per day for one
pier; the north pier was progressing simultancously.

ie

R
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17. The finished cross section of the pier in deep water is shown iu Diagram N, 2.

13, The height of the rubble base varies with the depth of waser, Luing about 25 feet at
ils deepost part; the width of the rubble base is 78 fret at the top with slopes of kto 1.

19. The size of the stouss of which the rubble base is composed, varies from 5ibs
to 2 nwt. )

2¢. The rubble was deposited in sifu from stasm hopper barges, and its surface levelled
by divers to receive the blocks. :

21. The rubble base is composed partly of quartzose gneiss and portly of laterite. The

[

side of the south pier is chiefly formed of stone, whilst that of the north side of exceedingly ‘

good laterite. Unfortunately the quarry from which this laterite was obtained was exhausted,

and the laterite obtained from the new quarry is by no means cqual to that obtained from .
the original quarry. The elbows and faces of both piers are formed principally of laterite

from the uew quarry, but supplemented occasibnally with a variable admisture of quartzose

-

gueiss,

22. The specific gravity of the quartzose gneiss is 2°7, which, after allowing for interstices,
would give a weight of 8 tons per 100 cubio feet of rubble in position.

28, Themspecific gravity of the laterite is about 24, that of the sand on which the rubble
base rested is 2°1, whilst the specific gravity of the concrete block is about 2-3.

24. 1 had several of the blocks of granite and laterite broken by the sledge hammer,

25. The laterite from the original quarry, though softer, was more tough than the gneiss,
and it usnally required two, and sometimes more, blows to bresk a small block, whilet a single
blow sufficed to break a gnejss block of the same size.

26, An Eurasian overscer was stationed at the quarry to check the charnoter of the laterite gl
sent on to the works, but notwithstanding the fact that a considerable quantity was rejected, -

there is no doubt that laterite not equal to that obtained from the original quarry has been
used in the work. Thesettlement of the work over the rubble base has veried., Over the
gueiss the settlement wag extremely amall, and in some instances no allowance was made for

settlement when pitching the blocks. The average settlement of work over laterite obtained

frowm the original quarry was about 18 inches, whilst that on the laterite procured from the
new. quarry averaged about 3 foet, and in one case was about 4 feet,

27. The blocks were laid in position by a titan, or large travelling cranc with overhanging
arma, and the principal settlement took place when, or scon after, the weight of the titan was
brought on to the blocks. : : ‘

28, The settlement did not, as a rule, leave the blocks more than 8 inches below the level
designed for which the blocks were pitched, and in most cases the settlement was less than
6 iuches, . A

MADRAS HARBOUR
LONGITUDINAL ELEVATION -

Batter of Conrses 3 inches per toot
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29. The blocks were set to a batter of 3 inches to the foot, as shown in Diagram No. 8. .. @

v

- and npper courses, respectively,
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30. Throughout the work there is no bond whatever, the blocks merely resting on each
other and forming two separate parallel walls in contact with one another, ut each block has
a tenon on its upper surface, and a corresponding mortise on its lower surface to prevent one
block from sliding on another,

31. The blocks are summered on the elbows to allow for the additional length on the out-
side of the curve. : ' :

82. The inequalities of the top are filled in with concrete in cement so as to foxitm a level
bed for laying sleepers and rails on the pier. , | '

‘33, The concrete of which the blocks are formed is of excellent character, but ‘he blocks
were sometimes used too soon, in some cases having been deposited in site one month after
manafacture in the lower courses, and two months after manufacturc in the upper course,
though, generally, the blocks were used two and three months aftgr manufacture in the lower

84, The settlement which I have above described naturally caused fracture in many of the
freshly-made blocks. ’ :
’ 85, The greatest depth of water in which the piers have been founded is 8 fathoms.
36. The pier heads are widened out, as shown in the accompanying Sketch Diagram
No. 4. : : ‘

'MADRAS HARBOUR
HEAD OF NORTH PIER
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The blocks not halched - heaae beerr displaced: in the storm.
of the 12 2 Nov? /88/ The block A was fymy flat

But the dotted portion had not been executed when the storm of the 12%h of November 1881
damaged the harbour works, The blooks were gradually stepped down from the point. where
the widening took place, 5o that the bottom of the blocks at the head is about 313 feet below
low. water level, : ' :

. 37, The total length of the piers is=

) Feet.

South . . . . . . . . . . . 3,970
North . . Y . PN . . . . . 3,868
' Total . .. . 7636

from the beginning of the block work.
13,643 blocks bave been used in the works. The ordinary blocks are 12" x 8 x 4},
measuring 16 cubic yards and weighing 27 tons.
. The foundation blocks are 14’ x 6’ x 4}’
. 88. In round nm_nb’rs the composition of a block igwe
- } ‘of cement.

o
2 of sand.
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38. The cost of the rubble delivered at the harbour was BI-58 per ton, to which hus
to be addsd R 37 for depostting from barges, makiog a total cost of RI-D5 per ton of
rubble base, and this, afler allowing for interstics, would equal akout RI12:2 per 100
cubic feet. The cost of cement varied from R40 to 45 per ton. The cost of u block
12 x 83 x 43', or 16 cubic yards, and weighing 27 tons, averaged about—

R AP
142 4 0O for manufacture.
30 4 O for setting.

or a total of . 172 8 0 in sifu.
. .

490. The total cost of the work in round numbers, after allowing for the materiale in hand,
15 as follows 1— :

Laishs of rupees.

. Prefliminary expenses . . . . . . . . . 33
Piers . . . . . . . . . . . . 41

Plaut . . . . . . . . . . . . 53

* Contingencies . . . . . . . . . . 2t

Establishment . . . . . . . . . . . 31

¢ . ' Total . . . EnﬁgL

———

or an average of R720 per lineal foot.

41. The progress of the work from the commencement to the end was without drawback,
if we cxcept some difficulty experienced from the accumulation of sand which prevented the
Inying of blocks at a short distunce from shore, and subsequently caused uneven settlement at
that point, and the work was rapxd]y approa(,hmg complétion, as but little remained to be done

beyond the return walls at the pier heads in order to complete the design.” Had the work .
stood, it would have been the cheapest and most rapidly constructed break-water on record; but: °
on the 11th of November 1831 there were indications df un approaching eyclone, and the titans .

were made fast on the pier heads where the mass of blocks was of greatest width.

42. The cyclone has been described by Mr. Pogson, the Government Astronomer, as.

“having exhausted ils greatest force while crossing the Bay before reaching the coast of

Southern India, which would account for ¢he high destructive sea far beyond what might have . ‘.
been expectud from the meteorological mdneatlons accompunying its progress. The ceutre of

the storm must have strack the coast considerably southward of Madras * * L
The veering of the wiud was as usual for cyclones southward of Madras. ‘
43. The result of this cvelone was the wreck of the faces and elbows of the north and .

south piers, the wreck being wore complete at the elbows than on the fuces, whilst the sides | I

remained practically uninjurcd.
44. Some astonishmeit has been expressed at the failure of the break-water under the .
influence of a cyclone that has been apparently insignifieant in iutensity ; but this idea bas
-arisen {rom an imperfect comprehension of those influerces which ars most destructive to a
work of this character. Surface waves are not the worst euemies against which barbour works
" have to contend. The wavo of translation, the heavy ground sw—ell, generated at & distance
‘from shore, is a far more formidable agent of destruction, This wave has been estimated to be
eight times as powcrful as a surfuce wave, or wave of vscillation, and [ do not hesitate to say
_that & very severs cyclone, having its origin nenr Madras and passing over it, would not pro-
.duce so severe an effect as a lighter cyclone originsting at a great distauce and travellmg '
in the general diregtion of Madras.

45. The nctual presence of a cyclove, whilst creating gmnt dxsturbance in surface waves

of pymmxdal form, would rather tend to cbeck the ground swell in its hnmediate \10\1\1‘»}';, -

Scott Russell, who has devoted much attentwn to the study of waves, thus describes the wuve of
translation : ot

‘ “These rollers or gmund swell did not merely owillate up and down and backwards and
forwards, and they could not be checked or tarned back by giving the wall a particular curve
suited to the form of ¢ yclmdnl dacillation. These great waves of trunslation constituted a vast
mass of solid water moving in one direction with groat velocity, and this action was nearly a8

. powarful at = grest depth as ab the surface. A roller, 20 feet high, would prodnce a pressnra
' of about 1 ton per foot.” °

g 46. The cyclone in queﬁtwn wasg south of Madms, but north of Negapatam; and ita |
o southerly position ‘would pecessarily make it the wors fornsdabir in s action on hnrbow‘

works at Madras. T have eadeavoured to fix the exact path of the gtorm by Beaufort’s rule, .

hut the winds on thove were evidently 'so variable and abnormal as to prmnmt the debermma!nom
even of an approsimation to its path. o

Co 47. We cam, therefore, only assume the probn.bxhhm n thls case frbm tlw general lmws txi
.+ cydlones, which, Beaufort, stu.bes, cﬁnmenae to the east in the Northecn. Hemnsphem, aud bqul
e pm-ulm. ﬁm: )lt« lmns'l pmioulmb of the eycloss. -

79
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-along a path, not exactly west, but inclining a point or two towards the north, and as they

advance, they seem to be more inclined to curve away from the Equator,

48. Occasionally they are found to cross the line of shore and to sweep over the land, but
by far the greater number seem to be repelled by the coast, and to be deflected back north-east
or to break up. This would mdwate a path roughly indicated in Diagram No. 5.

\

82" ; 314
.
i MADRAS HARBOUR

AGRAM OF PROBABLE PATH

OF CYCLONE OF NQV® 1Z1Lr 188} e

|

[
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|
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49. Reid in his “ Law of Storms ” is of opinion that the heaviest swell proceeding from
-a stormr may be that which is propelled forward in the track in which the storm is following
as the undulations in this case would be constantly receiving renewed impulses from the storm
in its progression, nnd that the great undulations raised are along the radii of the whirlwind
circle, and roll straight onward in the direction of the tangents to the circle. It will be scen
on examination of the direction of the arrows in Diagram No. 5, that a storm to the sonthward
of Madras would tend to heap up the ground swell, whilst cne to the northward would to a
certain extent neutralize it, and that such a course as the cyclone of the 12th of November
might reagonably be expected to take is the most trying that conld be taken as regards the
harbour works of Madras. Whether this cyclone was unusuaily violent or. no, it is of course”
jmpossible ‘tos ay, as it. had at most exhausted its violence when it reaghed the coast, The
action of the wind blowing off shore would naturally tend to shorten the swell, to couvert
length into height, and to make the blow delivered by the waves more rapid and violent.

50, Mr. Chisholm, whose past experience in harbour engineering qualifies him to express
an 0puuon, has graphically deseribed to me the action of the waves, both on this occasion and
also in the cyclone of 1872. On both thess occasions he had an opportumty of ca.refully €x-
amining the waves, and he has expressed a decided conviction that-the waves in the storm of
November 12th, 1881, were far more formidable than those of the cyclone which passed over

Madras in 1872.

' 51. T have dwelt at some length on this point, in order to combat the popular idea that

the . storm which wrecked the Madras harbour works was altogether insignificant in 1ts." :

ter. .
63, The accompanying Diagram No. 8 roughly indicates the genetal state of the work.
&3, The black portions are those which still show above the level of the water, while the
d"md hmen show the vosition of the blocks under water,
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54, The entrance seems to have suffered very little; it has deepened slightly by a foot or
two in places, but that appears to have been caused by the current running out of the harbour,
due to the large ¥olume of water thrown into the impounded space through the breaches of the
plers

to a depth of 10 or 12 inches below its bottom, as shown in Diagram No. 7.

MADRAS HARBQUR "

DIAGRAM SHEWING SCOUR OF RUBBLE BASE
AT HEAD OF THE NORTH PIER

- L ]
DIAGRAM NPT '
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| P N —

END BLOCK END BLOGCK

- 56, But the scour-only extended horizontally for a few inches under the block, for, while J

standing upnght 1 c6uld easily reach with my toe the end of the cavity ; on either sideof this

scour the rubble was piled up against the block 8 or 4 feet above its bottom. The rubble
_seemed to have been dxsplaced and I observed no signs of its having disintegrated under the
wave action. Th® lower courses round the head were all there, and apparently undisturbed.

The quadrant block on the west of the south pier was underscoared rather more than that of
the. north pler ; but the bottom block dlso appears to be undisturbed, as in the case of the north
pier. . .

57 No blooks have fallen outwards on the sca-side of the JSaces of the north and south piers,

excepting at one pla,ce close to the junction of the face with the elbow of the south pier; the
bottom: bloeks snd, in most cases, the course-above them are in their original position; some
- may possibly. have been driven in slightly, but it is xmposs:ble to deterruine this point with any
degres of accuracy for want of some fixed point of deyarture “The rabble base is in some cases
piled up against the bottom Block, whilst in others it is undetseoared to the extent of 2 or. 8
foet ; but-in no aase, except thit to which I have/referred above, have the faces failed from un-
dexnﬁnmg i 'l‘ha failare appears b&h ‘have becn solialyv due to the displacement of the blocks by

55. The quadrant block at the head of the north pier is for a few feet slightly undermined )

5 slow rocking wtm of the vertica
. weather to ttll:;: utant of about 1 inch, but tha action can
- the joint ; action is probably severe in. atdrms, for in some ingtances the joints
-ate ground into epch other to a- depth 'of some incl:ec I have ohserved a 531:13 of i blocks

‘ " mdemd m eroes section to ﬂme o E ‘hon on ® calm dzy on the Mlnom break-wstet to Kurrachee. - a7 rocking ac-

8
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four blocks, the addition does not appear to have increased its strength, for the wider portions
have suffered equally with those that only consist of two blocks in width. The cutside slopes
of the rubble base have, for the most part but not invariably, been pulled dawn to a flatter
slope, and the wash of the sand at the toe of the slope has absorbed some of the rubble.

58. The iuner slopes of the rubble base appear to have been uninjured by the storm. The
lefy hand seetion in Diagram No. 8 shows the general bype of failure i the face wall.

59. The right hand seetions show the type of failure in the elbows, on which the wave
action has been different from that on the faces, and the wreck has consequent]y/leon more
complete. The waves reflected from the face have met the wave directly coming from the sea,
and set up a huge coufluent wave which closely hugs the elbow and follows round it, tearing up
the rubble base and undermining the blocks to such an extenf that the outer row of blocks of
‘the elbows has, n nearly ev«,ry case, fallen outwards, whilst the inner row have fallen into the
harbour.

80. The inner#lope of rubble face snpporting the elbows has apparently been uninjured,
as in the casc of the base supporting the fuces. ..

61. In some instances, where the blocks were displaced by blows of the wave, they have
been prevented from returning to their original position by the projecting tenons of the block
below them ; this action is illustrated by the central figure in Diagram No. 8.

62. There are several instances of the outer or sea row of blocks standing, while the inner
or harbour row has been driven in by the blow of the waves, the rubble base insidc the harbour
being apparently sound.

83. The confuent action of the waves round the elbows is illustrated by Diagram No. 9.

MADRAS HARBOUR

!!MGRAM SHEWING THE DIRECTION OF WAVES

. . AND THEIR CONFLUENT AGTION AT THE

FPARTS  UNDERMINED

\

T \

\

. 64 At aome part- of the pier, which have been aninjured by the cyclone a constant but
1 walls from the action of'the swell goes on even in calm
only be detected by closely watching

¥
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65. 1 now come to the question of offering such remarks as may be of assistance to the
Government in deciding the necessary repairs or modifications to e undertaken to place the
work on a mome sound basis for the future; but, in order tv do s0, I must describe the action
which the waves have on the existing structure.

66. Hitherto it has been believed that harbour works founded on a rubble base from 12 to
15 feet below the surface of the water would be safe from the action of the waves.

67. Sir John Rennic stated that, in his opiniou, waves produced little or no cffect at a
fathom and a hall below the surface. Mr. J. M. Rendel believed that 12 to 15 feet was the level
below which the ordinary * pierres perdues” were undisturbed. .

63. Stevenson, who hus had large practical experience in harbours, stated that walls
should be founded on rubble at the level of 12 to 15 feet below water, below which he believed
the waves to be harmless, and in the instance of Wick Lreak-water; when o mass of masonry
weighing 1,300 tons was maved bodily by the waves without breaking up, the rubble base at
18 feet below the surface remained uninjured. Mr. Murray fixed 22 feet #s. the level below’
which wave action had no effect on small stones, and this experience has been confirmed by
many harbour engincers of eminence,

69. Mr. Parkes would therefore appear to have been safe according to the experience of
engineers in nearly doubling the depth thought necessarv for foun ling such structures.

70. I have fong doubted the innocuous charaeter of waves in deep water. For in the year
1870 I was more than once knocked down and completely rolled over when at s depth of
between 40 and 50 feet below the surface, in Galle harbour, on a perfectly calm day, when
there was nothing but the usual light but long ground swell, which always rolls in after weeks
of perfectly calm weather. . .

71, It is true that a diving dress renders its wearer very buoyant .apd consequently want-
ing in stability of equilibrium, but if any action could take place at such a depth on o perfectly
calm duy, the effect must be necessarily very severe in a storm.

72. The fact ig that scarcely any of the harbours round the English shores are exposed to

“the action of a heavy ground swell snch as I have, when standing on the coasts of Spain and:
Portugal, seen rolling in from the Atlantic and breaking c¢n the rock-bound shore in calm
weather, ) : ;

73. The ¥ fetch,” or space which is necessary to admit of a heavy ground swell gotting

up,. is in general too limited to allow of a heavy wave of translation at those ports which have

beén selected for harhours. .
"74. But Mr. Douglas, who has bad large experience in lighthouses in exposed positions, -
where the heavy ground swell rolls'in from the Atlantic, states that at Land’s End lobster mfﬁ  «
6hd
;

at a depth of 30 fathoms are frequently filled with coarse sand und shingle during heavy grog

swells, and that, on the Seilly Islands, coarse sand has been thrown, during heavy storms, from

a depth of 25 fathoms into the Lantern gallery of the Bishop lighthouse. In the case of the
Madras barbour, there ig no doubt thst laterite rubble weighing from 5 to 50lbs has been
displaced at depths of at least 40 foet. B

75. It is probable that any waves that are sufficiently large to injure harbour works will
always approach the harbour works broadside on to the shore, no matter what may be the
position of the storm, as the known tendency of waves is to lap round towards shoal water as
soon as the retarding influence of the bottom is felt. I had an opportunity of testing this
tendency some years ago, when it was proposed to construct a break-water at Gall# at right
angles to the observed direction of the waves in the harbour and as I had raised a dbubt as to
whether the direction of the wuves on the proposed break-water was the same as :jth'at observed
in the hgrbour. To satisfy this doubt I requested the Government to have the position of the
proposed break-water huoyed out. When I went with the Master Attendant of Galle to deter-

mins the question, though the waves in the harbour were due south, und at the distance of the

proposed break-water, it was impossible to discover any change in the direction of the waves, yeb
on reaching the line of break-water in a boat, the waves were running in south.wegt or four
points away from the direction observed in the harbour. P

76. The line of soundings off Madras indiente that the contour runa qlmq@t .parﬂlel to thé;'_
shore, but not quite so, and observations on the waves during the storm in guestion indicate .

that the waves nearly followed the direction that might naturally bé expocted from the
contour. A ‘ :

faces of the break-water, -+ - :

77, 1 assume then that all wnires of magnitt‘ldwt"w"‘il‘l come in broadside, or nearly so, {‘;‘u“t.h‘g‘ .

.78, T think also that it is doubtful whether we*mn have a very m;ﬁeh%mmq severe st
" than' the storm of the 12th of November. - It i, of conise, quite possible ; but: looking at the

L e R TR o
i EER

. fact that the condition of the cycloné was most cpuducive to the production of a heavy ‘ground
o swell at Madras, and that a limited depth with gradusl shoaling (as in the case of the, Madyss-
' conat) limitathe action of the waves, it se¢ms to be very doubtful whether, even if larger waves:

9)
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were generated, they might not be considerably toned down before they could reach the harbour

works,

: o
oo . . . ’ )
79. Of course it is impossible to predict what might occur from a  storm wave such as

that which visited Backergunge. .

80. The destructive action of the waves on a structure similar to that of the Madras

harbour face may be represented in Disgram Ne. 10, in which we have—

MADRAS HARBOUR
ACTION OFA WAME ON THE

“',

tr
'

A
A
it

‘house; and 14 tons! on:the of . i
\d“’“l’ wwg‘ﬂtg‘)ﬂ(} farimore sévere than one at Madras ‘hecked in gradually shoaling water

BREAK WATER’

- — et —

i

dst.~The direct blow'of the wave on the onter block .
" 8nd.—The percussive agtion communicated by ane block to asnother.
3rd.—The compression f air in the joints. :

., dth—The dragging actidn of the wave on the top block. ,

4 behind the wall from the receding, wave.

it we have no means of éstimating the direct force of the blow
Ller 20 £oet high may exert a blow of about 1 ton per square
A registered by dynamometers with smaller waves, though it is

81. With regard to the fir
Scott Russell estimates that s,
foot, but more than this has be

impossible to say whether such hu action’was local or gemeral, . .

; T -  a ‘blow of nearly § tons per square foot on the Skerryvore light-

. 82, Stevenson has F"c"l‘d;:n Rosk, Bﬁt’prdgﬁbly the eﬁe(clltx of a wave suddenly arrested in

but in any cnse the action is severe when the blow is received on a fiat surface, as dynamo-

metors fixed on & pils have indicated far Less pressure than those fixed on a flat surface.

- Ond.~The pércussive action communicated by one block to another, or to several other,

S beén 5o often illustrated by 4 series oié,billiard balls, that it is only neces-

- isevy ‘to refer to it; and in this case would appear to. be denoted when the
- inper, {er harbour, row qf blocks has been driven in, although the outer row has
stood, and this has happened even when the width has been increased to three

or:four blocks. o .

" 8rd~—The #n of the compression - of air occurs when the blow of the waves comptésse
the small quantity of air between the joints, and this concussion commau-
nicates to the water also in the joints an action similar to that of the hydraulic
ram tending to force the blocks apart; this tendency is increased by the
concrete filling on the top of the blocks, which confines the air. I was told
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by the Resident Engineer of Plymouth hreak-wafer that he has frequently

known ivstances of a block of masoury starting out from the sea-face of a
vertical wall after having received the blow of a breaking wave which has
compressed the air in the joints behind the blnck. -
That a force thus gencrated has acted injuriously has, I think, been shown by the
fact that in several cases the outer row of blocks has stood after the inner or
harbour blocks have been displaced by blows of the waves. Tn the Kurrachee
break-water also, about 80 feet of the seaside wall, consisting of a single row of
blocks, was left standing without any support during the remainder of the
monsoon, after the blocks on the harbour side had been overthrown. ‘
4th—The dragging action of the wave on the top of the wall may, however, also have
had some share in displacing the harbour side block, whilst the scuside block
remained. e '
. The downward motion of the water would possibly increase the coefficient of friction
of one block on another, whilst again, on the other hand, the compression

of air and the impulse given to the water by such compression might exercise
a lifting action which would facilitate the removal of a block.

5th.—The vacuum formed by the receding v;a&e, though less in its action tham the

preceding forces, must still contribute its share to the work of destruction.

83. The form of break-water which-has been adopted by Mr. Parkes is exposed to every
action above described. But when the action is not too heavy for it to bear, there is no doubt
that this section is the cheapest and most rapid of construction that it is possible to adopt for
the sides of the break-water, when -it will not be exposed either to the broadside action of the
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/(‘,'al wall can be restored by the addition of new blog&ks, 50 as to rond.e.r it available f01" t.h_e ‘
‘distribution of material, it would probably be the most simple and exped‘ltxous plan of distyi-
buting madterials, but, if not, it will be necessary to have.recogrse to ﬂoatm}g‘ shear legs, such as
were used at the break-water in Alexandria, as sketched in Diagram No. 12. _

88. Inside the harbour, in comparatively shallow water, a sm.all brt'aak-water mlght. be
constructed, behind which any hopper barges or floating shear legs might ride in safety during
a cyelone. There is.no doubt that a break-water m-construc?ed on the .r:m.dom block ]iyspe‘m
will be far more expensive than one constructed on ‘LlTe vertical wall principle, an(;l jv .(;n,‘ as
in the case of the sides, the wall is not exposed to full cyclopm action, I would a \{be i ;:;;
tention, possibly supplemented by the addition of rubble gneiss thxjown downhon tlefou{ N
to protect the lower blocks from underscour. Nor do 1 think that any harrvn as lso ‘ arr )c;t
done by adopting that form of construetion. The blocks lu‘we been conveyed to ; icu Ptcb'h.ﬂ;

pasition in the cheapest and most expeditious manner possﬂﬂe, and althu.ugh t ® mz;‘en]; $
“Have been overthrown, they are still in position to assist in the re-construction without further
< se beyond that of additions. ‘ . N
;expex:w. R);cognising the fact that the sides and eu)OWS,' as originally demgued, are n;}su(‘hcxs;n}f;
fy strong to resist the waves generated by cyclonic action, and T;hat more .strengtb tmu‘sdis- .
given, the overtlirow of the blocks can scarcely be viewed in the light of a disaster, "11; as "
tributing the material where it will ultimately be rethugd ; though, of course, it Wa )
have been better could the original structure have been retained for the purpose of distribut-
i materials in the most economical and rapid manner. _
‘l ?g 1"360 In addition to the re-construction of the faces and elbows on the random block prin-
iteiple, and the protecting of the outer foot of the sides with gneiss rubble, I would recommend

' the prolongation of the face as shown in Diagram No. 13, in order to neutralize the confluent
waves as at the:fzce, or to the conflucut action as at the efbows, 1In such s position it wounld* ‘

appear to be sufficicut, and, if sutficient, then to be the best form for adoption ; but when the -

force is too great for it, as in this case the reeplt has proved, some modification of it is necessary,
I do not think that increase in the width of the piers will give correspouding increase o
stability. P Ak
81. I agreo with Mr. Parkes in the view that separate settlement is desirable, and ¥ think
that with unequal settlement bond would probably be destroyed, but in re-construction I should
prefer an arrangement which would enable the principle of self-adjustment to go even firther.
than that advoeated by Mr. Patkes, by re-constructing the faces and e¢lbows on the lines of the-
existing structare, but with random blocks on the.principle adopted. with success in many of
the French break-waters. A vertical wall is probably the best form of break-watcr that it is

possible to adopt so long as it stands, but when once it begins to fail it will soon be demblikhed !’

in detail, and the inclined courses render the structure more liable to fail if the portidnf‘iijehii’ilﬂ :
them is carried away. The character of construction I would suggest is roughly indicated:
Diagram No. 11. . . 3 - ,,‘ B
85. Thé hatched portions show the probmble position of the original blocks in's fypical
section, whilst the others show the additional blocks it will Lo nocessixry to deposit ; the addi-
tion that should be made to the yubble hase is also shown; it is probahle that some of these -
blocks will be displaced, and others will have to be added from time to time to make: good any
breaches that may arise, but ip the event of the displacement of any portion the block that is
- moved is alone affected, and the stability of the whole is uot threatened by failure of o part. :
= 88. Bearing in mind the destructive wave. action which I have alteady deseribed, the

»

random block construction appears to me to possens the following advantagey ' T
1st.—The 'cl'irgct blow of the wave, instead of being delivered simultaneously on & fiat
siltface, will be delivered in detail on the angular surfaces, and the force will -
be tore broken.- S AR R
2nd.~The. concassive blow will also be more:in detail and the blocks better supported.
3rd.—The interstices being®large, the air and water will escape inore easily, and the
: compressive ‘action will be lessened. ' R S
4th~Both the drawing action and the vacunm will be less decided. !
5th~~The structure would have greatet stability s 2 whole. RTINS
6¢%.—The random blocks, being jamimed, one amongst another, will require more faree
' o displace them,and the blogks have to travel over a very irregular surface.
.7th—The dieplacement of ons block will not affect the remiindér, -and when displaoed
~ | the hlock still performs its work of sswisting the others. | | - S

'dﬁﬁg’n. ) » s gel e g ;‘ : ,' i ot
the existing broak.water sro at hand and availal
o moving them. ' oo

ok st be . o doled sonsirston atter

. 8th~1f tho section b foimd too weak, it san be strengtheed Without chahge of '
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action of the waves at the elbows; the space between the elbows and the prolongation of the
face being filled in with rubble sloped outwards from the harbour. This prolongation showld
not, however, ba carried far enough to make anything like a re-entering angle for the waves.
' 9). The width of entrance is so great as to allow a wave of considerable magnitude to
enter the harbour. We have questioned the port officer and the pilot on the subject of redue-
‘inig this width, but both these officers are of opinion that the width should not be less than

Q
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500 faet. . Looking to the fuct that the carrent across the fave of the harbour is small, and
that mmxy of Lhe ani\ah barbours in which the curyrnd s far meve intense than ut Madras
luve entrances 300 or 400 feet wide, the width of 560 fect would appear Yo be unvecessarily
taege. This quéstion, hawever, dues not press for immediate settlersent, na the re-consterction
shaubd be commenced at the ethows and be carricd cn continnously towards the entraves, and
it would be betwer to defer the decivion on this subject until o sevies of experiments have been
andertaken to determine the inteastty of the current, or uatil father experience bas been
cained in working vessels in and out of thé presews. entrance. The guestion of a detached
reak-water Lo %euvanl of, aud coverivg, the sutrarce has boen considered, bt 15 not recom-
mended.

93, 1t is, of eourse, very diffralt to ruake an extimate of the cost of recopstruction. The
typical gection whick I bave drawn, Diagram No. 1), would give an average of about 44
addivienal blucks for sach 4} hneal feot of brpak-watfr or ony block per lineal foot ; and' pro- -
bahly half as much again will be required for settlement of rubble base and displacement of
blocks, Bo that I assume that 1§ blocks, and about 700 feet of rubble yase additional wsll be :
required per lineal foot reconstructed, '

The eetimate per foot would be 13 blocks at R200 . . == 300 i
© 700 fost vubble at 122 per 100 cabic fwt . . =854 L
AN st N
Per lineal foot m-gonstructed . = 385'4 say 40
3,100 Lot of re-ooustraction at H100 . . . . . . . o= 1240000
Extension of face snd filling . . . . . . . . . 8,00,000
Rubble protection to sides . . . . . . . . 2,400,000 “
Additopal plant . . . L ¢ . e, . 4,600,000 o
Contingongies - . . . . . . . . . . Loomo e
Establishment . . . e 180000 f
27,00,000 f

93, Taking the eost of the work done, after deduoting the value of moorings and materials ,ﬁ'
in hand a¢ 564 lakhs of rupees, and adding to it 27 lakhs for re-coustruction and gtrmgth@umg,

. we bave a total cost of 83} lakhs, ory say, £730,000 for 7,596 fact of break-water, giving & cosb;
of a(mut £93 per foot lineal ; and, looking to the cost of viher break-wuiers which have been
construeted in water of less depth aml exposed 60 Jres sovere wave aotion, we shall have mli s-
hatbour very cheaply constructed, '

94, 'The fonowmg gives the cost o? several of the more important hreak-waters cole g

rstructed Y- " ‘ A

Dovor o, < N . PN . . . B8O per foot Hneals

Cherbouzrg R . . . . . . . g

Portland . - . . N . , ., 120 (partly by conviet Iabmzr}
Helsheng . . . . . . . . . . 120 .
_ Plymouth . . . - . , . . .90 T
Maracillea . . . . . . L L. 20 o
Algiers . . R . . . . . .13
Golom’bo {probabl y) . e A A 1.1y ‘ ':x'

. 95 The lesson which the Wick hreak-water has tanght on the power of waves in moving
bodily a mass o:E about 1,300 tons renders it imposaible to prédict the reeult of the aetion of ;3::
waves under certain conditions ; but, in view of the fact &hab the test of the cyclone of tbeb
12th of November 1881 was unusually severe, and that in some parts the onter row of blocks
survived this test after losing the support of the inner row, J am of opinion that the break« . &
watef, if ro-constrysted in the mauner I propose, will be effective, and, even if partially wreoks ’%
ed, the débris will #6311 be available with the addition of more blocks.
+ 46, In concluslon, 1 may briefly summarise my opinions as follows i
152.~The proximity of a cyclone is no measure of tha intensity of wave actmn. ;
an.-—’l‘he storm of the 12th of Noyember 1581 was s very severe test, probably almost
as severe as avy ihat can occur at Madess. E
Qrd ~~Wave action &t Madras extends to &epths far lower than experwncs in Enghsh :
and Continental harbours, hase led engineers to expect. >
dek --The pier faces have failed almost entirely by the dtsplaoement of the 274on’

58k ~The »ﬂwws have failed, on the sea-side, from undersoour of the mbble base, and -

© on the harbour side by displacemsnt of blovks. .
64 ~~The rubtde bose has on the sea-side of the face and the etbows been pulled down
27 o s fstter slope, while the rubble base on the harbour side hav stood well,
’j’:& ~’l’im~ mdes lmve from the shore twfbe e}bcrwy,;mn pxaa,hmuy unug;qmad

o~
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&th.—~The waves of a dangerous character must always come in broadside on to the
shore, or nearly. 50, whatever the position of the storm.

Gth—The sides of the harbour will not probably be exposed to brendside action of
cyelonic waves.

10th.~The entrance has been uninjured by the storm,

11th ~The storm has not increased the accumulation of sand in the harkour.

19th,—~The section adopted by Mr. Parkes is the cheapest and most expeditious that
gould be adopted.

18th.~—1t is probally sufficient for the sides of the harbour, which will not be expesed
to the full action of the cyclonic wave, but the rubble basc should be supple-
mented with gneiss.

14tk Tt is insufficient for the faces and elbows.

15th—The disaster is not serious, as all the materials that have been deposxted are
available without reroval.

166/5 ~The concrote of which the block is comppsed is good and sufficient, bub in
some instances 1t has been ased too soon after manufacture.

I7th.—~~Some of tho Jaterite obtained from the new guarry is unsuitable for the rubble
base, and 1 advise that no laterite be used in reconstruction.

18th~~1 am of opinion that the failure of the break-water is not attuibutable to the
charavter of the concrete or laterite, though in some few parts| ‘the catastrophe
way have been hastened by broken blocks or unsuitable rubble.

19th.~1 would only propose to reconstruct the verticalgrall where 1(‘. chn be economi-
cally used for the distribution of materials. '

20tk —The blocks that have fallen should remain where they are.

91st.—The roconstruction should be on the lines of the present break-water, but on the
random block principle.

" 99ad.~The face should be extended tq cover the elbows.
L ﬁrd.—-—-’l‘ba mdas should be protected by throwing down additional gneiss rubble on the

E ‘245/1 ~The blocks might be rather larger for the outside slopes, say 30 or 35 tons.
¥ 25th.~An inner break.water should be formod for the protection of barges during con-
o . struction,

. 26¢h.~The blucks should not be vsed within six months from ’chen‘ manufactare, unless

o they have a greater portmn of cement.

27th~Enrly action should be taken in the construetion of blocks and the quarrying of

materials, 80 a8 to prevent Eurther demolition of the structure.
$5¢h. ~A detached break-water covering’ “the mouth of the harbour is inadmissible.
29th.~The sntrance should, if ‘possible, be narrowed, but o decision on this point must
_ be pestgoned pending ! further investigation and experience.
i 50t#w-'l'he cost of reconstruction will be about 27 lakhs of rupees.
’ \ﬁmﬁ-w«-‘l‘he ‘harbour, even with this adflition, will, when compared with sumlar WOl'kb,
R :bha?v& I&peh ,nuum’ucted at'a very low rate.
¥ o iim}a nqy repartiwas in; type 1 received and annex*hereto the copy of a letter
wﬁwh"ﬂﬁ Wﬂfa ‘3.? Mr. Biiak, th@ Mebeoralogm,l Reporter, in reply to & telegram which the
iovemmt ot N qldm seut at my requeat, to ascertain the partmuln.rs of the cycloue of the
12th of (,I’,Iov.dmbet 1881,

o 1.1t wall be ée@wthaﬁ:. khns lethef eaniirma to s g'reat extent the Qonclusmn at which I
wd arrived fom thnbory, aamﬂh,a actual path of the cyclone. I have also had some convegeation
with Mr. Eliot on the gubject; and he. thmks it pot impossible that the abfoymal variations of
‘he wind at Madras to whwch fbm'q referted, as preventing me from arriving at an Approximate
iatermination of the. path of the ¢yeloﬁe by Besufort’s rule, might have been due to 2 small,
but separate, local eyolonic sation to the mrﬁﬁ-éusb of Madras——an action which is not j inconsistent
with observations he has made i other oytlones; if this were the case, the smaller ground swell
trgra the north-eash meﬁtmg the heavier gmuud. swell rolling in from the south-east in Front of
the pabh of the main cyclone would tend to incresse the severity of the wave action.

2. Mx Eliot hos suggested for. my consideration whether the fajlure of the harbour
works may not have besn due to the waves being isochronous with g pendulous oscillation of
the  vertical wall rocking on an unstable base; but there is abundant evidence that the failyre
has not been genemlly due to the unstable equlhbnum of the walls, but to the displacement of
the blacks in detdil, many of the blocks Having been driven in, one by one, aud in many cases the
lower blocks standmg, whilst the upper blocks have been evidently displaced by repeated blows,

U dfarch 3rd, 1888 . » G. L M.

Q1
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Roport by LigvTEsasT STIFFE, Port Officer of Caloutta, on the Madras Harboar Works after the Cyelons of 1881,
dated Caicutta, ¥3th March 1892

{ bave the honour to report my veturn from Madras, having carried out the instructions

sonveyed in your No. 72 M. of 8th February ; and as Mr. Molesworth is of opiniun it wvould be .

better I shonld prepare a separate report, I have the honour to submit the result of my enquiries
a3 follows, premising that, as the actual measurements, general plan, &e., of the present state of
the piers will be dealt with by Mr, Molesworth, I o not think it necessary to enter into them
tn this report.

2, Ip the first place, with reference to the snitubility of the shape of the harbour for the
purpose required, the plan appears to me judicicusly designed.
There is no great choice as to shape, and the voly guestion I
nave heard raised is as to the position of the eutrance, The Master Attendunt at Madras is of
spinion that the entrance should be abont the eentre of the north pier iu 6 fathors, instead of

Plan of harhour.

. .. . . ry
in its present position iu the ceutrs of the sea-fuce, but has not, so far as I am aware, put .
torward the reasons which lead him to prefer this new position, or the objections to the present

sutrance, beyond stating it to be the opiniow of all nantical men that the sea-fuce must be
losed, and that 1t is a souree of weakness to the work. This Jatter hypothesic does uot appear
to me ab all borne ont by Captain Taylor’s arguments.  The current at Madras iy pever strong
© enough o do any harm to a moand of yubhle stoue, aceording to the information I received §
Jmt I shall retarn Lo the snliects of currents.

o,

My, T, Stevenson, the eminent Hurbour Hngiueer, lays down as an axiom that the .

entrance ghould always be fi:‘d seaward of any othes point, Al Lurbours ou the Boglieh coast
that I wm acquainted with are so constructed, uud notably the great Amsterdura Harbour on
the North Sea, a work designed by Siv Jobn {Iawkphaw for a ximilar sitaation on a straight
«apdy coast, is similar 1n shape and position of entrance to the Madras works, '

3. The objectiou that' the current sets across the prosent entrabee, which is the only

difficulty to ships entering, i# common to all harbours simie
‘ larly situated.
4. There arg no records of any systematic observations of the direction of the swell or of
the currents, and their strengths at different seasons; and I
would suggest that a reries of observutiong on these poiuts be
ot once sot on fool, a special observer being employed for a whole year at least to mako daily
frequent exact observalions, especially us the question of the best site for the eniranco depends
wreatly on the first of these points.

5. The reyuisite smoothness inside the harbour may be probably obtained by contracting

Entrniee,

Currents,

Width of cntance thie entrance, anfl I believe this may be done without lessen- . .
" ing the accessibility of the harbour. The Master Attendané.

1s of opinion that 500 feet is the least admissible width, but, looking to the width of many )
. other harbour entrances, * to the probability that when scous.

Feot. . . . H
* Posiland . ge0 tomed to o small entrance it will be found less formidable

Sunderlnd . . . 868 than anticipated, and also to the fact thal from the first
Averdeon . . . BT gohan experience, no difficulty has been felt with: the
present opening of 550 feet, I believe 400 feet will be fonnd u suflicient width ; but the exaet
width should be settled after the observations suggested in paragraph 4 sball have been com-
pleted, With such a width 1 behieve no wave of a size to cause incouveuience would exiet
within the barbours except during heavy cyclones, when 1 believe bheuvy swell wonld roll in

through any entrance.
8. As regards the position of the entrance, as the decision csnnot be acted upon until
. s

Dosition of entrance. . C s . . ;
e beeu repaired, thore is time to coneider carefully whether any

slteration sball be made, after making careful observatiouz on the set of the waves and swell

through the year. I feel certain that av entranec at the side should not ke sv near the outer.

iine of surf as the depth of 6 fathoms, proposed by the Master Attendant.
"7, 1t is hardly ncceseary for me to do more than refer briefly to the design of the harbour
walls, They consisted, in the normal section, of a base cons

Viers "r.-fmm' sisting of a rubble mound, 78 feet wide on top, with slopes va;_j:'
1to01,and raised to a height of 223 feet below low-water line, on which stood two equa\v.whlls i
of concrote blocks,each 12 feet wide, touching each othcr, but not connercted or bonded toge.

vror. Moaoh wiall consisted of 2 series of eolumns of foar blocks eacli; each mobued slightly
haekswward ata :s’iolz:é"'vi' 3 inehes per foot, leauing agwush the pext coluran behind, and pressed
aguinst by the next ocolarau in frout.
. tenout; made on the Blocks, o the one pext Lelow it; but

‘

. . e

plant has arrived from Fugland, aud the damaged walls have.

he upper blocks in cach column were vonpected by
it wus an essential festure of the
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design that there was no hond or connection laterally or longitudinally between the varicus
columns, Each block messured 12 feet in depth of bed, 8 feet in height, by 4% in thick-
ness, excepting the foundation blecks, which were 14 by 6 by 4%, and the normal height
of the wall was 29 fcet, which was increased by one block in depth near the head for a short
distance only. Each block weighed about 27 tons, of which two tons were Portland cement,
‘and they were, at tiraes, set a month after completion. 'T'he specific gravity of the concrete
wus 2-3, 50 that the weight of a block under water is under 16 tons. The rubble meund was
composed of stones of all sizes up to 2 or 3 ewt., deposited out of boats, and the north mound
* as far as the elbow was of laterite, while the southern one for the same distauce is cc;mposed
of gneiss: from theace te¢ the ends both monuds are chiefly of latevite with a little gmeiss
mixed. i
8. "The work has been carried out most, expeditiously and at an unprecedentedly low cost,
being so far only £60 per running foot, as compured with

Comparativ cost. > .
the following :—

Y

Alderney . . . . . . : . . 100
Portland . . . . . . . . 190 lowest estimate,
Dover . . . . . . . . . . 360
Helyhead . . R . . . . . . 169
Plymouth . . . . . . . . . 300
Marscilles . . . . . . . . . 210
W Algiers . . . . . . . . . 192
Cherbourg . . . AN . . . . 219

The Colombo break-water is said to have cost, so far, about R2,000, or £166G per foot.
Even if the completion of the Madras works cost an additional 40 lakhs—an outside estimate—
and occupies three years more, this great work will have been constructed at & very low rate’
and in a very short time.

9, A comparison shows that the cross section of the original design is slight, compared

" with most other broak-waters, and in its prototype, the Kur-

o0 Bection, ,
o rachee work, the vertical walls, which were of the saine width,

were only three Llocks High. Moreover, the sea at Kurrachee strikes the pier at an angle of
- about 65 degrees with the line of the work, and gives only an eblique blow., The break-water
" there has not received amy damage since the monsoon of 1874

10. 1 would next offer some remarks ou the character of the storm. The Master Attend-
‘ ant reports there was no wind to speak of, and that boat.
men conld have put off outside the harbour ; Turther, that the

wind set in al west, and that the eyclonic centre was 1o north-eastward of Madras, but that

it alterwards ¢ re-curved ° | ;
1t appears, howev¥, from the records of the Meteorological Department, that the eentre

Deseription of ktorm,

a was soithward of east from Madras, snd that it reached the coast considerably scuth of
© ' Madras; the wind'by the observatory anemameter being at first north-north-west, and only

for a short time veering irregularly to north-west, and was never lo the west-ward of north-
west by west. The direction of the heavy sea at sboul east by north also clearly proves the
contre (o bave been always to sonthward of the place. The strength of wind registered by the
andmomoter was 32 miles an hour, or u moderate gale of wind, as compared with 53 miles in
the gale of 1872, The sea was gettiug up during the night of the 11th November, and the
principal damage. took place Lefore noon of the 12th, but the greatest Larometric depression,
showing the nearest approach of the ccntre, was about 2 P. M., and the wind increased up to
about ' in the moriug of the 13th, after which it rapidly decreased. .

11. The storm was doubtless very severe out in the Bay, but theve iz po record at Madras

‘i‘;y:t’*it‘s haviog been aclually encountered by any vessel. There i1s every reason to fear that the

" gtoamer Lockyer from Caleatta foundered in this cyclone. 1t appears net to have becu of large
? digmet,er, and-evidently decreased in inteusity on approaching the coast, but the gea, oriwin:t.-
©ing on the advancing north side of the centre of the cyelone, and propelled by it am :o the
.| ‘harbour works, was, thera i no donbt, very high, and of destructive violence. A very compe.
" vi*tent observer, Mr. Chisholm, C.E., was of opinion the waves were much higher than in the
. storm of 1872, or in any cyciona be had seen at Madras, In fact, the waves inside the
7 harbour, which, according to that gentleman were much less than those outside, even after thé

. syorke were brezched, reached the platform of the iron pier, and did some slight damage to the

" planking. This is as high as any sea reported before the harbour was made.

o 12. It is i be expected that the waves caused by a cyclone, the body of which passed '
to the southwird, wenld.be wore severe than if the centre

Character of sea, i . e
passed! over the place itself. The sen is stated to bave come



%
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in with great regularity from a direction a little northward of east, the line of breakers leing
parallel to the sea face of the north pier; it subsequently shified slightly to a more southerly -
direction. :

13. Mars, the only ship at anchor in the roads, was able to put to sea on the afterncon of
. the 12th, the wind being then to the westward of north,:-

The P. and O. Co’s. steamer Clyde, which arrived from the
southward the following day, had observed indications of a cyclone to the northward of ber,
aud had showed down to let it pass, -

14. I have taken a few soundings, aud made careful enquiry as to the depths inside and
outside the barbour, and at its mouth, and found the depths
somewhat in excess of those shown on the latest Marine
survey—possibly owing to a difference of datua, No change bas been recorded in the depth
of the entrance since the construction of the piers, nor, from the fow soundings I took, does
there appear to be any deepening or scour acting on the sea bottom outside the entrance by
the littoral currents. It appenrs these are too weak to act on the sandy bottom, and still less .
would they be able to displace the rabble mound. i

I5. It is quite certain that the action of the sea waves or ground swell is felt to s depth
far beyond what has been hitberto considered a maximum',j“_'
namely, 12 to 15 foet, as the rubble bass has been asted onm
both by being spread out into flatter slopes, and also by gettling to some extent into the sand,”
probably by the action of the sea on the sand at the toe of the rabble mound, and by the
vibration of the superstructure caused by the blow of the sea. Ag the top of the rubble base
is 22 feet, and at the pier heads 28 feet, below low water, it is clear that the depth at whidk ; '
rubble can be moved by the escillation of water caused by heavy storm waves must be greatly:
‘extended. There is also found a scooping out of the mound just outside the vertical wall’
which is perhaps caused by the motion of translation of the wave being partly reflected down«
wards along the face of the wall, -

16. The so-called hreak.water of Sir Arthur Cotton was an insignificant affair. Accord-
ing to the records supplied by the Public Works Department, .
only 2,500 tons of stone were thrown into the sea in about .

Shipping.

Depths ; alteration of.

o
o

Action of sea at bottom,

Cotton’s experiment..

25 feet of water, forming a small beap of stones 76 feet by 55, rising to a height of 12 feet

below the surface of the sea. It lies to southward of, and just inside, the line of the bead of the .

sand pile jetty, and there is now not lees than 19 feet over it in any part, but it cannet Do sa;
to have disappeared. ‘

17, For the purpose of desoribing the present state of the works, I shall refer to the stmi&ln&"ﬁ

Preseut state,

“sides,’ the straight parts on each sidg of the entrance faciag:
the sea as the  faces’, amd the carved portions connecting the sides anll faces as the * elbows
Their condition since the storm is well and correctly detailed by My, Thorowgood in his repor
of 21st November 1882, paragraphs 8 to 19, and may be summarised as follows : o
Northern pier, total length 3,866 feet, of this 2,240 feet, as far as the commencement of:
the elhow, are intaet, except that for the last 200 feet the longitudinal joint has opensd
slightly. From the begioning of the elbow to the pier head, a distance of 1,620 feet, the °

portions of the piers extending straight seaward as the

L
P

. damage is-continnous and considerable. Practically the vertical wall has ceased to exist, and .

" has been reduced to a heap of  random ’ blocks ; the lower of foundation tier remaining genes -

rally unmoved. In places the second, or evey third, course is standing, but more or less dls{

placed or settled down. It is noteworthy that the pier head, which was widened out to fou *
blocks in width, hae equally failed to resist the sea. '

L

Of the southerm break-water, total length 3,970 feet, a length of 2,550 feot fmm‘.'tb”é

shore, or up to & point.a little farther than the beginting of the curve, is uninjured; but the ‘
blocks of the reraining 1,420 feet, as far as the end, are little less displaced than in the northern '
ier. ‘ SIS . 2 ) o
18, ‘The uninjured parts of both piers stand now at sn equal height above the level of the:
sea, and, a8 régards the manner in which the fallen blocks lie, it is remarkable that round both
elbows the blocks have fallen outwards, as well as inwards, in about equal proportions, while
-’._the faces -or dme,‘.“wgi{'}a{ght portions, - they have genéfally been thrown over into the ‘lia,rb('id

and the outer blotks have been the least disturbed. This peculiarity has been also found &% f

‘Kuryachee, on occasions of damyage during construction.. . L
'19. The mbbfe"’mom\i lis# not been much affected on the, harbour side, but ou the sea-side

it.is drawn out into & iong slope, uncovering and in places undermining the foundation blogks, and e
parked ab the elbows, where the blocks have fallen. cutwards. It has o
- also, along the fms,”b’em qé‘nbned out into a ditch heat the foot of the walL,‘_nn@ has to some extent |,

" this action has been, spdit

RS
VA i {
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settled bodily down, owing prchbably to the sandy bottom yielding. It has been much washed
down also along the still intact sides. At the pier heads, while the northeru cone is almost
unaffected by undermining, except just at the corner for a few inches only, or no further than
would be reached by the hand, the south hexd is reported mueh undermined, being attacked on
two sides,

20, With reference to the causes of the damage to the different parts, the next point to
which atrention was vited, it sppears that on the ¢ taces,”
where the inner row of Llocks is wost injured, and has falen

into the harbour, the fuilure of the wall is principally due to the divect blow of the wave. ‘Lhis
blow on the outer blocks has been transferved to the inner row of blocks, and as these were not
tied to the outer blocks, they were driven tnwards into the harbour.  This 1s illastrated by th‘e
familiav experiment of three or more Lalls suspended, hightly touching each ot?mr; when, if
one of the puter balls is moved out a short way and thea allowed to fall back against thecentre
one, the blow is travsferred to the outer hall ou the other side, which will diverge to t!}e same
hoight from which the fiest ball fell, while the intermcdiate balls do not move, If this hype-
. thesis be correct, it will ageount for the northern pier head failing in the smne munner us the ,
- rest of the wall, although composed of four rows of blacks, part of the vater row vuly remain.
ing in place.
21. The process has, no doubt, heen assisted by the fcllowing actions which are referred to
in many papers on the subject of sca walls

{a)-—The hydrostatic pressure of the water due to the difference of level on the twe
sides of the wall during the passage of a wave. :

(£)=—The action of air between the blocks compressed by the blow of the wave, and
tending to force the blocks apart. This action bas been intensified by the
capping of eoncrete which has been laid on top of the Llocks to form a bed for
the permanent-way, and which prevented the egress of the air upwards. The -
capping has been broken up, cven over the parts of the pier which remain stand-

' ing, 10 a manner suggesting such action, . ‘ ‘

(¢}—~The formation of & partial vacuum on the harbour side of the wall. ,

(d)—The dynamic blow of the actual weight of watar falliug nearly vertically on the top
of the wall, chiefly on the inner line of Llocks.

- 22, If we pssumo that as part of the wave is thrown upwards with great force, so u
' similar action takes place also downwards, it would account
for the hullow or trench scoured outon the seg;side of the wall,
- und perhaps also for the depth at which thie work has been aflected. ‘ o .
28, The failure of the ¢ eibows,” where the gea struck at an angle, an‘d was peshape inten-

. sified by interfercnce,” appears to be prineipally due to the

‘ Fuilare of elbows undermining of the wall by the lowering of the rabble mound
on the sea-side, as here the blocks have cidiefly fallen ontwards, and-the rubbls mound has been

; mq“ severely ated on, The safety of the side walls 1s, 1 suggest, due to t:ie" n:.leetlng the

Jow énd. on, and to their being protected to some extent by, the more seaward pottion, )

o aot of laterite having been,uséd for the base has beer eriticised, and, no doubt, it
e would have been better had the harder stone been exclusively
L used, T}:é reagons assigned for its use are the greater facili-

" Causes of damage,

Downwerds action. - -

g8 for jretting  larg a: 'y : : !
"be moved by thesea, Y uture operations I would use the gueiss exciugvely. .It, however,
‘the laterita. had bieen one of the prineipal causes of the fall of the walls, it would naturally be
‘ expﬂubedthe atill bt@hd’iiié%nprtsh wall, which starids on Iater%t‘te, would havu.sett-'icd more than
thio sonth wall, wmek it&ihﬂ! on gneiss, but this is ot appreciably the case.” In tact, the north
/" gide wall, considering it \Whs somewhat mpTe exposed, hus stood equally well with the south
Cwalle T o .
;wé ‘95, As regards the waves entéring the harbour, Mr. Chisholm is decidedly of opinion they
_ © . were much less raised than outside the harbour, even after the
L N L damage bad taken place, The tide gauge shows that the level
. pf the water in'the Barbour was °°P5ide" ably rais?d,‘ probabl‘y by the water continually poured in
v i)y the w&ves over the piers, so b&mt }t cea.sed to register t.be height on the scale. The rise amounted
possibly to 2 or 8 feet, and gave nise to a current setting out of the harbour mouth of sufficient
strength to easry, wreckage out to sea. This, no doubt, made the waves in the harbour mo re
" hollow and dangerous. -~
" As the height of the pier above the ordinary ‘sea-level is 18 feet, this would give the
‘maximum height of wave in the harbour as near 16 feet above sea-level,

W#"‘- ’f Ce

ﬂply , and the fmt that it was expected the rubble mcund would not
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26. 1 have now to refer to the question of re-construction and completion, and I believe it
Completion of works,

without any bodd—even if it were completed with three walls instead of two for the whole
length of the damaged part. The inuner row would, I believe, be overthrown nearly as readily
as it has been with two rows, and the experience of the north pier head indicates that the
same result might follow even with four walls or rows; further, the clearing away of the

" fallen blocks to make room for the foundations of a vertical wall would be expensive and’

tedious, and I would adopt the random block, or French system, leaving the whole of the
material at present on the ground to form the nucleus of the new work.

27. 1t will be necessary, in the first place, to complete the rubble base, and as this will
be protected by the superposed random blocks from the action
of the sea, I wonld raise it to a height of 35 feet from the
bottom, justead of 22, widening it on top 10 feet on the outside beyond the present dirgensions,

Rubble base.

lenz slope of & or 9 to 1; bat if the large blocks are deposited ou it at onee, it will probably

to be proved that it will be undesirable to attempt to coma. -
plete the work on the original principle of a vertical wall

If loft Lo itself, this would spread out intoa -

renmatn at about 14 to 1 aﬁ-er settlement. The toe of the rubble monnd cu the sea-side should .

be protected hy ar spron of rubble extending 30 feet outside the mound and 2 to 8 feet thick.

28, 1 would use guciss stone exclusively for the mound, and it should be, s far as pyssible,

Materisl,

selovted as to size at the quarries on the Freonch system, the

smuller stone being used in the centre of the mound and. the )

larger for the outside. It can all be tipped from Loats,

29. The new blocks should be deposited close together, and as sovn as possible after the

mound has been completed to its full section, and they shoald

Ruundons blocks, R
wicom Hlocks extend to a depth of 25 feet below the sea-lovel.  If piledup

to a height of G feet above high water, they would gradually settle down, and would for some

time roquire fresih blocks to be added to fill up the section. They might be taken out on
barges and deposited by a floating crane, such as those used at Port Said, Alexandria, &c.

30. I would also deposit a row of blocks along the outer toe of the still stauding side

Protective blocks. walls for their whole length as they stund, after completing
former section.

31. There is a convenience in adhering to the dimensions of the present blocks, owing to
Sizo of blocks. the formation of the block ground and travellers, which gives
present pattern of block, but it might be considered whether the thickness should not be i lnA
creased 1 foot, even if the breadth were diminished, so as to Iessen the chance of fractare of
blocks after being placed in site, and I would not set any blocks in less time than four montlm
after completion, to give them time to thoroughly harden, especially as, in the style of wo\'k
proposed, they are subjected to more severe transverse strains than in areg-uhr wall.,

v

the rubble mound, where it has been wuashed down ‘to its

i 4

v

3

great facilities for making, storing, and transporting the “Is.

i
L

i
i

\'

32. Whatever plan of re-construction be decided on, no time should be lost in mumlng‘ ‘

the tipping of grauite rubble on the outside of the piers still

Resumption of work. standing to complete the section and sesarc the * sides ™ from .

- chance of injury, and also the manufacture of block to the full extent of the st,orage capacity

L]

" of the block grounds, which will be useful in any case.

ot 33. 1 have made a rough estimate of the’ coat a8 Eolo
08t.

lows ;-
’ \ Lakhu.
Plant . > . . . . . * . . .
Proteotive blocks a.long side wa.lls (1 250) .. . . . - 2*
Rubble mound completion, 450,000 tons at R 2 . . o .
Eaudom blocks, at 7 blocks per yard forward - . . . A . . 14
Establishment and contingenaies . s . . . . S . 2%
‘ . Tota! . 82
Deduct blocks on haad and value of plant after completion e e o 2
i Net Total - 30

‘at! ‘any very exact result.
4 84, It has been suggested the present mouth should be protected by a detached break-
i wster outside; but T.think this, in addition to being very

Deétached break.water, °
Wi : .

~ costly, would render the harbour very dxﬂigult to enter or

]

and I think {his woald not be excecded, but it would require more detaxled caiculations to arrxve ' ; :

-
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leave, and if the required smoothness of water inside cannot, as I hope, be attained 'by narrow-
ing the entrance, I would much prefer an entrunce in 7 fathoms at the north-east angle, in
which case thé corresponding outer face should be prolonged a little beyond the line of the side
walls.

35. I have much pleasure in recording the cordial belp afforded by the officers of the
Madras Government, and by Mr. Parkes and the officers of the Harbour Works.

Note by Cosonsr B. H. S.urxm’, R.%, Chief Engxueer, P. W. Dept.,~dated 13th March 1882.

In the anuexed ﬁsport of the 9th March Mr. Parkes describes with clearness and precision
he eﬁ'eets of the eyclom of tle 12th November 1881 on the Madras Harbour Works, and al-
tlmugh thio whole of thy. sections cannot be completed for some little time, and way possibly ¥a
“from the rodghnnas of the. 308, be delayed, there is apparently no reason on this aceount to ﬂefer
‘the decision ne %o the’ fm"ther prosecution of the works.

" '2.As to the vahdxﬂy ‘of the contentions put forward by Mr. Parkes in paragraphs 39 to
42, there can- hurdl,y be- any doubt, and were his estimate for the requisite work to amount to
/igven ‘much mory. thﬁn Bﬁl hest one of 18} lakha, it would be both desirable and profitable to

“omplete the harbiour with tge Yeust practicable delay.

it 8, The total outfay bo date, including the revetments north of the harbour, and excludmo"
ti‘e ssplanade and jetties which are paid for from Port Funds, amounts to 594 lakhs, but with -

_ even the large gdditions now proposed it would be a comparatively cheap harbour, uonsldemng ‘
that it is entxre’ly amﬁoml and that dxﬂieulbxes of an exceptioval nature have had to be
- overcome, ‘

0 4. The revised secinm w\nch by paragraph 80 Mr. . Parkes. proposes o give to seaward
' arme is almost ldd‘ntieal in width with that of Bir John Coode’s Colombo work, which, as will
e remem%ared W bl‘ought under ‘the notice of Governnment (@. O, 8th June 1881,

| No. 148,6W») Ly the u gned and the Maater- Abt@mhnt after they had Visited that work

) ﬁzW year ; and W here no other, eisoumstanpes he uvenled by the Isﬁe storm to be taken

AN Wﬁe"““”ﬁp ‘mghﬁ b acospted da'w satisfactory dispossl of the matter, . . '

'8 In some respects the new sestion is atronger than that of the Colomby, work— :
(1) the vertical tenams guantum valeat eouni’m‘lwt the téidency of the conorete blocks to.
 elide on each auiwr, and the pmpom! ‘mmp betwun blmhs Nou. 7 and 8 will gwé

la

) the wmb&ned m;w bloch, o and dy
Cohﬁbbo work, ;

baal¥ via the suibble m,mwwmwm o
ol mﬁw‘a over tha mm face after pqsimomng blocka f,
o wiford 8 prbmtmn ta the toe. d! thiéve, blooks, after the loosely g
MM by o notion fuf ﬂu gg; ; but thia iy a detail whieh can

‘mpm ‘apper conereto blocks together ;
‘th ‘ almoat intact on the 12th November, and
mﬁmmnty from Mk for a long peno&, it may be doubted
” ”‘opwd wo:ulﬂ uffice, or that; in casehis present plan be
pr oo } apron with blooks £, wonld not be

,observed ehleﬂy upon the fol]owmg

: pnmg'raph ﬂa " :t is qulte outsule the limits of reasonable
pmbabxhty &;hat we shiall kiave to encounter a foree of sea 80 much greater than
t';:at ?: :;Ew late storm ag the streugth of the new section would be greuter than

C i theo . :
Mmi -—That although the rubhle base ha.s submded on an average of 2 feet and has been
" “scoured slong the seaward faces and flattened out, it bos not been mabenally
‘ dlsburbod. . ,
&&-—-Th&t the eoncrete blocks at base of the wall, Nos. 1, 2, 3, and 4, remain for all
practxca} purposes unmoved, and are in many respect,s even better suited for build-

R
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ing on than before, throughout not less than two-thirds of the total length of :
. _the damaged portion of the work.

9. The first of these contentions is clearly the one upon which all must depend, and as
regards this it may fairly be asked whether the storm of the 12th November supplied &
sufficiently crucial test of the forces which may be expected to be called into action in a cyclone -
of maximum intensity. '

10. Though doubtless the seas were much heavier than might have been expeoted from
the comparatively low recorded wind pressure at Madras, as also from other phenomena con-
nected with the storm, many high anthorities would be unprepared to accept the cyclone of the
12th November as having the required character; but even as regards this storm such as it
was, it is now admitted (paragraph 12) that the action of the waves extended far lower than
was apparently ever recorded by engineers before in other parts of the world. .

11. As observed by Mr. Parkes in paragraph 13,  This is an effect I should never have
anticipated, and I can only account for it by the supposition that there is some peculiarity in -
the cyclone-raised disturbance to which the apparently heavier seas on the English coast have
nothing analogous.” He shows in fact that whereas it has been proved “by the general | -
practice of engineers at home that 15 feet below low water is safe, foundations at o depth of
22 feet under water are not proof agaénst a cyclome sea ™ in Madras, and adds, in paragraph 22,
that near the curved portions of the break-waters, where the disturbance was greatest, the
original sandy bottom was scoured away @ or 7 feet outside the rubble.” The disturbance
must thas have reached down to 85 feet below low water at least. ;o

12. From the action of the waves during the storm the rubble in the base, which had -
originally been heaped up from 8 to 4 feet above the bottom of the lowest seaward block .
(No. 1) was lowered by that amount, plus 2 feet which theee blocks sunk on an aversge, end - '
in many places %o the extent of undermining the block, the loose material being dragged’ oht
wards and the whole foreshore flattened. At the depth mentioned of 86 feet there ssemp to
have been a general deepening of the sandy bed. Fey

13. The mean level of the sea at Madras during the storm of the 18th November is shawn -~
to have been raised over £ feet, and that sea movement reaches during abmormal disturbances
to much greater depths than is commonly supposed, is proved by the recorded fact that, o' the '

* banks of Newfoundland the agitation during storms has affected the bottom &t 8 depth of:pver :
80 fathoms. At St. Jean de Luz it has reached to 160 fathoms, sud at Lands Endithe llhtﬂf
straps are frequently filled with coarse sand and shinglé during heavy ground swells at dbpth
of 80 fathoms, 8ir G. .Airey mentions also that ground swells frequently break in‘s depth of
100 fathoms. It may, iu fact, be inferred that we are in the presence of forces whi casnot ‘.tfv

NORTH PIER.

. PORTION UNINJURED

. PORTION UNODERMINED,AND
BLOCKS FALLEN TO SEAWARD

G. [} Top COURSES DISPLACED, AND

3LOCKS FALLEN INSIDE

>
SOy R

present be sufficiently gauged, and the reasoning on which the monolithic sy Qf
_construction rests is incomplete, There is spparently insufficient ground for kl‘ J8eie
-contention (paragraph 24) that thore is mot the « slightest justification for re-opépikg the ...
worn-out question of the relative merita of random 'and placed blooks, or of bond jag-":
bonded work,” . v , o L
14. On the contrary thére wonld seom' to be ample grounds for considering the question
of adopting or rejecting the mouolithic system for Madras as still open. With a bonded wall,
such as that proposed, it needs but Jittle imagination to infer what the offeot would be of &
-succession of heavy sens (such as those shown in the plan facing. page 2) precipitating thems ;
.  selves over the seaward arme, or how the irapact communicated to the first attacked blocks -
would send a vibration and quiver in advance which must go far to loosen aid weaken the iy

3

stability of the masse—every succeeding blow shaking the structure from end to end. EBven ff ‘ SOUTH PIER i\
~where the piers had & thickness of four blocks at the ends of the seaward stms, the impact was - E.F. PORTION UNINJURED ‘ , ﬁ;
such as to ruin them quite as easily apparently as where there were ouly two blocks. o  F. G. PORTION UNDERMINED, AND B
15. Again, it must be clear that the stability of a structure of this particular form must in ) BLOGKS FALLEN TO SERWARD I
- great measure depend on whether the foundations are such as can safely withstand the seonr G.H. TOP COURSES MOSTLY DISMLACED
which takes place down the face of the wall, or the disturbances due to the general oyclonic . AND 8LOCKS FALLEN INSIDE
action before alluded to, which, tend to drag ous and flatten the material of the rubble base a8 : '
during the late storm. S o i
- 16. With a structure having its upper portion constructed of random blocks of sufficient ™
‘sizs, the action bging on the individual block, no general vibration canbe communicated to the
“mass, and the seas must get broken up it a manner which is quite impossible with a structare
. on the mionolithic system ; the work eauld in fact hardly be destroyed, though individaal blocks
- moight be displaced. : o TR S L
17. The undersigued does not bring forward this as an original suggeetion, s he wasgiven . |
to understand by Mr, Molesworth that, although possihly not for ‘previsely the mame: yeusoos, -
the random bloox aysiem was that which..generally recommended itself to bim. My @il s
’ | | | B mtg:o:‘r*:.‘:;’.:‘ii‘it 7:32";”.::‘“:?"“‘::.‘;3?‘:{ . \.___._-?‘.lfm;ﬁd.
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necessarily soon lay before the Government of India the results of the joint inspection of the
works made lately by Lieutenant Stiffe and himself,

18. In regard to outlay, Mr. Parkes shows in his maximum estimate that about
R3,20,330 and in his minimum R1,06,780 would be required for removing the broken
blocks to enable him to clear the ground for his new structure, and admits (paragraph 29) that
“the immense difficulty of clearing the ground of broken blocks * constitutes the “ great objec-
tion ” to the plan advocated by him.

19. While this trouble and expense would be saved by a system which would only ajim
at throwing in blocks at random when required to supplement present deficienciesand gllow the
ssea to do the rest, it is believed that steam barges carrying shear legs could be designed on

“ much the same principle as those used in placing the 370-ton blocks in the Dublin Quay Wall,
which could be trusted to do the work economically and expeditiously. )

20. With the almost ceaseless swell at Madras some difficulty may, it is true, be experi-
enced in designing the vessels required baving the needful steadiness, but with twin-barges and
a proper.system of guying the blocks, this shonld disappear, or at least be sufficiently mini-
mised; » system of tipping might also be adopted without necessarily using shear legs. The

“barged could be moored close to the seaward face of the work in depositing the blocks, and
~ could be kept in reserve after completion of the harbour for rectifying future damages—n matter
of importance.’ .

21, As more material would have to be used than in Mr. Parkes’. scheme, it is not
improbable that on, the whole, even allowing for the savings adverted to, the expense would be
greater ; but without entering into detailed calculations, it cannot be supposed that the total
could exceed at the outside 25 lakhs, This should include the extra apron of blocks previously
alladed to for the straight portions, and also such extra dimensions to the rubble base and
superstructure of blacks as may be needed to counteract “the excessive action on the portions

"pear the curves, where the damage was greatest.
22 As regatds the closure of the castern entrance to the harbour, while there can be little
 doubt that thereis o’ greater disturbance of the surface within the enclosed area than was antici-
 pated, Mr. Parkes’ arguments against taking up the subject at present (paragraphs 43 to 45) .
appear o be conclusive. . _ S - '
23, In conclusion, it may be hoped that, notwithstanding the inevitable delays attending
. the decision regarding a question of such magnitude, there may be no cessatioff in the prepara~
" tion of the materials required for the completion of the work. Should the random system
of reconstruction be eventaally adopted, probably not less than 85 or 40-ton blocks of & special
~ shape will have to be manufactured for the most exposed portions, but for the filling in of the
lower parts the present 27-ton blocks, or such others as Mr. Parkes-would require for the
monolithic gystem, would amply suffice. . There should thus be no necessity to hesitate in refer-
ence to mamufacturing concrete blocks of the sizes required .by Mr. Parkes, or of quarrying
qruni'qe'fbf feeding the foreshores. : ' " SR
7 94 A limit of 8 lakhs of rupees might with these objects bé at once appropriated for =
lBﬁMlh,mMﬁnt o future inorement if considered necessary. As to the immédiate construction
of ‘tiew titan oranes'as reqaired by Mr. Parkes, that must entirely depend on the decision

_artived nt by suparior authority on the general subject of the restoration.

SR R s 4

~Report by W. Pangis, Brq., Bugineerin-Chief, Madras Harbour Works, on the damage caused to the Madras
i i i Herbour Works by the storm of 1881, dated 9th March 1883.

S ‘ o "+ Madras Havbour, a o

T have now the honour to submit to you my report on the damage to the'nbove works caused
by the storm of the }%th November 188), and my proposals for their restoration,

2. Tt has heen delayed longer thaa I could have wished, owing to the great difficulty of
obtaining degpiwd megaurementes and sections, which require an exceptionally calm state of the -
sea. Upon 4 results shown by these depend in a: great measure our coseclusions as to the
particular acgion of the sea which produced the damage. I bave thought it desirable to delay
‘the submission of my report until I had obtained such facts as were necessary, wot only to
form a basis for my own positive conclusions, but also to test beyond the possibility of doubt
the correctness of the conclusions which have been put forward by others upon a more or lesg
imperfect knowledge of the facts. I may hire mention once for all that T have given careful
onsideration to various suggestions that have been made to account for the damage, but I do
not think it necessary to notice these as a rule, but rather to submit my own conclusions, with
* the facts on which they are based. ~ o ‘

T r1
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3. Previous Reports.—I wish, however, to explain my position with regard to two docu.
ments of very great interest, the first being a report which was made only two days after the
storm by the Chief Engiueer of the Presidency, who, with great promptitude, availed himself,
in company with the Master-Attendant, of a specially favourable opportunity of taking what
was necessarily a very general view of the state of the works. This report was forwarded
“ wilk all reserve ” to the Secretary of State, and I had an opportumty of perusing it bcfore I
left Lgpdon. 1f T were to comment upon the suggeshons made in this report as to the parth

cular action of the seca, it would give them a prominence which the author probably never in~ . "

tended they should possess,
. The other document is a very excellent report made by Mr, Thorowgood on the 21st
Novembur bine days after the storm, which is especially noteworthy as showing how much

information can be obtained in ashort time. But this information, though generally confirmed

by subsequent observations, was not sufficiently completo to form a basie for practienl conclua.

sions, and what was then wautmg had to be cobtained with considerable dificulty a.fterwards. o

It is scarcely possible to make an intelligible statement of faots without conveying some BUgesa
tiou of conclusions to be drawn from them, and in some cases such suuuested conclusions fail
to be confirmed by the facts snbsoquently nseertained. To a slight extent this is the case with
Mr. Thorowgood’s report, but it is no dlspamgemcut of its merits to ask that it may be consider-
ed as superseded, even if generally confirmed in its conclusions, by the present report, aud in its
faets by the plass and sections which will be subimitted to Government, and will, I think, form
a very interesting and instructive record.*

5. My, Tkurowgood.—-l should mention that I had the advantage of five woeks’ constant
communication with Mr. Thorowgood before he left for England, and during that time, ss
further materials accumulated, we were able to form more definite conclusions, gud those conclu-
_sions, independently formed by each of us, were in all esventinl matters the same. They included,
subject to corrections suggested by the further surveys which bave since besn made, most of
the recommendations which I am about to subrit.

. 6. The storm.—~The storm is thus deseribed in the ofﬁolul Mcteorologxcal Report issued by
the Government Astronomer on November 23rd, 1881 1—

* A cyclome visited Madras on Saturday and Sanday, the 12th and 13th inetant. Tt appenrs to have exhausle

ed its groatest forco while crossing the Bay before reaching the coast, of Sonthern Indis, whigh would assount for

the high and destructive ses, fur beyond what might have been expocted from the weteorological indioations . ’

accompanying ita progress. . The ventre of the storm must bave struck the comst considerably southward of

Madras. The lowest reduced reading of the bamometer was 20°51 at 4 .u. on Saturday ; and the stongest wind

- was experienced botween 11 P.x. and 2 4.M. on Bunday, dufing which time it averngod 82 iniles per hour in

velocity, equivalont to u pressure of about 53 Ibs. per squure foot. Rain commenced at 1} a.x. on Bntnrd&y lnd‘ _
continued until 8 r.»,, smounting in all to 819 inches—the twelfth heavioet fall on record at Madran sinoe 1808,

No smgle hour was extraordinarily oxcessive, but the persistence of both wind and .rain wss remarkable. The
veering of the wind was, as ususl, for cyclones sonthward of Madras. The records of the snemograph furnish
the iollowmg wid-times for cach principal point of the cotupass with the corresponding hourly velocities:—

N.W.by W. at 2} ».a.; velocity 20 mHes. | K. N. E st 1} aar velooity 83 miles,
N. w. ” 33 "o " 29 ” . Eust ” 2*,, ”» » 35 »
N.N. W, " 6% ooy » 23, ) E. 8 R ”, 43 » o« » 18 »
North ” 7% N ” 27 ” sn Ev ” 7‘ " » ;, 14 ”
N.N. B - sﬁ v o» ” 8 , - " 8.8 K » Db [T » 14 "o
N E » 10¥ ©w 23 31 » South ” 10*‘ " o» ” 18 » ’

. Tho Astronomor here alludes to the f'aot to which I have mysell frequently bad oceagion
to advert that theré is no relation between the foros and direction of the wind in the neighbour.
hood of a eyclone and those of the sea which may acoompany it. The sea is raised, not by the
wind which may happen to be blowing ut the time at sny given spot, but by an intense at-
mospheric disturbahce at a distance, that is in the ceritre of the eyclone, and from the site of
that atmosphdric disturbance (which, when the wind is from’ the north-west at say place; will
lie between north-enst aud east of that place), the sea disturbance will proceed, propagated
by laws which, 'so {ar as we know, havé no umxlarxty whatever {o those Ly which the

- atmospheric disturbande ituelf i propagated. On this ocoasion the maximum vélocity of the
wind at Madras wag 88 mnleq per hour; on. oceasion of the greab storm in May TR72 the
velovity was 53 miles per hour; in May 1874 it was 49 wiles per hour; while i May 1877,

_whien the concrete blogk work of the uorth pler had advanced alout 300 feet, the sea was

nothing like so severe as in last November, thbugh the veloecity of the wind was 34 miles per

honr. ;
'y ‘8. The: temmony of u]l cbmﬂers is $0. the eﬁ'ect that the sea of lzth Nmmbet must tank
v mth. those df the great luswnqal cycloma-‘ thaugh there is a conflict of bwdance aa to whether

'mm m ‘ﬁn kS progma At‘ﬂm Md o! the

'mdn. D u‘mh ~e.is empleh »ill be lubw.thd tp -
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it was actually as heavy or heavier. Mr, Chisholm, the Government architect, a very intelli-
gent and close observer, speaks confidently as to the recent sea being considerably heavier than
that of 1872 ; but, on the other haud, the officers of the Murine Dcpartment who witnessed
both storms, give the palm to that of 1872. A rough test is afforded by its action on the
planking of the screw pile, 17 feet above mean sea-level. This was torn up in 1872, in 1874,
and again in 1881, but it is uncertain whether on the last occasion the effect of the Harbour
Works would be to reduce the waves at the site of the pier (as I have no doubt wasthe case
over the area of the harbour generally), orf to aggravate them by the confusion which would be
.cauged by their rolling in over the piers, as well as through the entrance. The end of the pier
is just outside the line in which the first break of the waves occurred, and the height there was,
no doubt, abnermslly raised,

9. As compared with.the force of sea in other places the evidence is also unsatmfactory
Mr. Bhoomya Saenna, Sub-Engineer, is the only person who could compare this sea with that
raised by the sontk-west monsoon at Kurrachee. He cousiders the waves were not higher,
but the ¥ oﬂe‘umn of theém was more rapid. The maximum height measured at Kurrachee was
1 thsbolm ‘estimated about the same height for the late storm at Madras,* and at

3‘ : both places. Wdﬂpendenb testxmony fixed the depth of solid water passing over the break-waters

at nbout 20 feet. -
10, My, Thorowg@od did not consider this sea to be so heavy to all appearance as those
"he'had witnessed at the mouth of the Tyue, and he is confirmed by Mr. 1Inderdown, the Fore-

. man Diver, who was also engnged on the Tyne works,

11, Tdorot cenmder, however, that these comparisons are of much value. I have given them
* beeause th"y Bre sure to be made by others, if not by myself, but my own experience is that the
appearance of the sen gives very little indieation of its real force.

18, Bffects ?f sea: on founifations.—When we come to compare results, however, we are led
to.a roore definite: conclugion. ®¥he best test for practical purposes of 'the foree of sea is it
wer of undermining fonudations, 1t is proved by the general practice of Engineers at
ome - that - a depth Of 16 foet below low water is safe. At Alderney, where there is evidence
e ?f’“ greater in some. Yespeots than at any place 1 kiow, foundations at that depth
“been disturbed; At ‘Witk, where a mass of conerete and masonry of 2,600 tons

i was moved \mdﬁy by ‘the des and. the beight of the waves was eatimated at 42 feet, foundations
. at 18 feet dﬂpﬂl ‘were untouched, and 1o action was found below 10 feet. The deepest foun-

~ dations I “hive over heard of as being undermined were 11 feot below low water at the Tyne,
- but at Mﬁdm tbe Wﬂuﬂ Wel‘e in two plnces for a short length uademmsd at 92, feet &alaw law'
walert - .
~13. This is an eﬁ'ect I should never have anticipated, and I can now only account for it
by the supposltmn that thete is some pecuhamt,y iu the cyolono-raised disturbance to which
~ the apparemly hesvier seas on the English coast have nothing mualogous. Thdre is nothing
xmpwbnbls in the supposition of a difference in the effects produced on the underlying water
. by a very iutense action within a limited ares, and by a long-continued surface friction over
a large space. It is true that the North Atlantic storms are cyclonic in their moveruents, but
. the movements extend vver a larger ares, and have a Jess mteuslty thau those in .the Bay of
Bengal,

gl«k Bat however thls way be it iz certam that the 8 feet extra depth of foundation
which I sllowed, more for the sake of convenience and economy than for thdt of security,
was veally xeqhued for the latter purpose. Though the damage actually resulting from
" underminivg on this occasion wag not great, the whole length of the enstern face of the piers
was threntened, and a rather heavier sea would have produced a serious amdunt of damage of a
Jifferent kiod from that which actually was produced.  The most important lesson taught by
this storm 1s that joumlahons at a deptﬁ of 22 feet under waler are not prooj againat @ cyclone
2a.

15. Effacts of sca ou wpersimetura,-»ll‘he great bulk of the damage; hiowever, is of a totall y
different kiud, and is due to the direct force of the waves on the superstructure. The resulty
produced are precisely what might bave been anticipated on a work of ineufficient strength,
“The impact of the sca was dehvered to -all ‘appearance just where it was expected, but it was
stronger than any we had previonsly experienced on this deseription of work, aud vequired a
greater resistance than we bad provided. The lesson has been very dearly bought, but it is
preusely the ‘same kind of lesson that lias been taight in almost every case where works have

& ‘Othor estimales gh'e 30 feat, but I do not put arvy faith on such eahmates mede by anskilled persons, either in
respeet of this or any other stotm with which they may bo.compared.

t Itis of céurse well known that wave actior extends and even moves rubble stone to 8 much greater deptis than
this but the inatances of suck action have little bearing on pruptical engineering questions.
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Leen undertaken exposed to a sea of unknown force. It is ouly when a sea of nearly maximum
force has been experienced that the final precautions are shown to be necessary.

16. I believe the damage produced by this storm on the Madras Harbour Works, the
ceneral nature of which is shown on the accompanyiug sketch, is greater in its extent than
that of any similar diasaster on record, but it must net be concluded that this is due to an
unusual dégree of weakness in the work. It is due rather to the fact that at Madras the maxi-
mum force of sea is not, as is practically the case on the coasts where most of our experience
hag been gained, an event of almost aunual oceurrence, hut it occurs only at intervals of
several years, and in one such interval of more than usual duration a great extent of work had
been completed, and was therefore exposed at once to the previously uwukucwn destructive
action of a sea of nearly maximum foree. .

17, 'The design of the work as executed at Madras was the result of a careful investigation
into the causes of damage to previously executed works. Much material that appeared to be
superfluous in them was dispeused with, but additional strength was given to the purts that
were retained. The latest additions to the section were based on the experiznce gained at

. Kurrachee. At that place the first heavy sea showed where the greatest impact of the waves
foll, and that part was strengtiiened in a way that has been quite successful in.a subsequent
experience of nine years at Kurrachee, and for five years was successfu) at Madras, but it failed

“under a sea of greater force than had previously been experienced at either placs. To prevent
a vecurrence of the damage, additional strength must be given to the vulnerable part. But
it rust be understood that all sach ptecantions are necessarily tentative as to their sufficiency.
We may feel confident as to their being right in principle, but the force of the ses cannot be
estimated in figures, and we are unable to say when a work has stood successfully, what margin
of stability it possessed, or when it has failed, by how much the destructivo force was in excess
ot 1t stability. The strength of an ivon girder or the capacity of water chann2l may be defi-
nitely caleulated in figures, but the stability of -a sea barrieris a question te be decided by
precedent, guided by judgmeut and experieuce.

) 18. The experience gained at Kurrachee was to the effect that the heaviest blow of the
sea was delivered on the tops of the blocks on' the harbour side of the break-water, tending to
drive them out from the wall into the harbour. Several blocks were forced out in this way,
but in no case was any block forced to seaward. ' The tendency was met by ineerting a stone

+ " joggle, which blocked the top course to the course below, and provented it from sliding, This

-

precaution was quite successful at Kurrachee, and a contrivance for effecting the same object .
-having been from the first adopted at Madras, the tendency was so completely met that 06
evidence of its existence was given by the action'of the sens which preceded that of the 12ths!

November last. : . , o

19. A kuowledge of this tendency, however, forms a cliiz*to enable us to trace the process
of destruction of the Madras piers. The waves rising upon the sea-face must have fallen with
terrific ferce upon the top-of the work on the harbour side, and the blocks were tilted off,
probably two courses, and ‘possibly, in some cases, three courses, being displaced at once. The
sea-wall then standing alove yielded to the lateral force of the waves, and generally one eourse, ' :
but sometimes two, and in one or two cuses even three, courses were driver after the blocks
of the harbour wall. Generally speakiug, there is a courss more remaining on the gea-side than
on the harbour side. '

20, The following may be taken as a typical section of very much of the work in its present
shate tem ' : -

S

-y

S oy

 tieable.
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Parts of it are necessarily hypothetical, but there is enough which is matter of actual obser-
vations to justify the assumption of the remainder. For a length of at least two-thirds of_the
damaged parts, blocks ] aud 8 have been traced by the divers and found with 8light- exceptions

tobe undigturbed. For the greater part of this length block 5 may be traced from the surface

and sometimes from below, generally more or less disturbed, somewhat in the way shown. No. 7
is in some cases in it8 place, but it is then generally tilted by riding on the tenon on the top
of No, b; 6, generally 7,and 8 are represented by an apparently confused heap of blocks which .
eflectually prevent access to 2 and 4, There is, however, sufficient evidence, direct and indirect,
to negative the very improbable supposition of these having been undermined and thus eaused
the fall of the inner wall towards the harbour. This evidence is, first, that where the inner °
slope of the rubble is unencumbered with blocks it isfound to be practieully unchanged ; secona,
where the sea-wall is gone and the harbour wall standing, as is the case for a short length in
each pier, the harbour wall leans over to seaward; third, at the spot at which, if anywhere,
scour under the harbour wall might be expected, viz., at the extreme end of the north pier the
‘rubble is 4 feet above the foundations, and the wall i standing exceptionally well, the blocks
corresponding to No. 6 being in place. There can therefore be, I think, no doubt that the
failure began with No. 8 block, or more probably 6 aud § together, and worked downwards and
towards the harbour. The rabble foreshore on the sea-sides, however, presents & marked contrast
“to that on the harbeur side, It is almost everywhere drawn away from . the wall and lowered
sometimes below the levél of the foundation blocks.
21. The above description may be taken as a generalisation of the effects prodaced upon

about two-thirds of the damaged parts. ‘It comprises the outer portions of the two piers, n
‘length of 1,200 feet of the north and 900 feet of the south pier. The remaining third, com-
prising 400 feet of the north and 500 feot of the south pier, have bion differently affected, and
the investigation is more difficult, as the blocks are thrown down on. both sides of the piers,
and a precise examination of the portions which remain standing is for the most part imprac-

+. 9@, There is, however, one portion of the north pier, just at the commencement of the
‘eurve, which is accessible to the diver, and has been carvefully examined, The following section
‘made from his description will very clearly exhibit the action to which it has been subjected. .

‘In this case the harbour wall is standing, though considerably damaged.

= NARBOUR

No. 1 block is drawn out to seaward 4 feet from its original position, and ite inner end is
lifted 9 inches from the rubble bed, the block itielf being tilted towards the sea. The apper-..
blocks are lying in confusion an the sea-slope of the rubble. 1 do not see how it is possible to
attribute these results to any other action tbanvunflermining of the foundation blocks. The
portion of the pier where this is evident is a length of something under 100 feet, but it is
probable that whenever the upper blocks have fallen to seaward, it is due to the same cause,
although the foundation blocks themselves are inaccessible. The action of the sea appears to
“have been exceptionally severe at this spot, for the original sandy bottom is scoured away 6 or
7 feet outside the rubble, ' - '
23. There is a portion of the south pier, also on the curve, which appears to have been
acted upon in a very similar manner. At these two places the break-waters form about the
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same angle, one cn the right and the other on the left, with the prevailing line of the waves,
and here the scouring action oa the bottom appears to have been more violent than wlhere the
waves fell more™direetly on the face of the work, ‘

24, Remedies.—The whole of the actual damage to the works is due to one or other of
the above causes, and I think that if the original scction were amended = as to give increased
strength to the two weak places shown to exist, every confidence might be placed in ity sta-
bility under cven a much heavier sea than the recent one. The section as carried out was a
perfectly good one to withstand a moderate sea, and the effects of the heavier sea show no
grounds for any radical alteration. Such material as there was was good in quality and pro-
perly disposed, but there was not enough of it; or perbaps it would be more eorrect to say the
principles of the design were good, but net earricd fur enough. There is not the slightest
justification for re.opening the worn-out questions of the relative merits of random and placed
blocks, or of bonded and unbonded work. Break-waters of random blocks, or of honded masonry,
might have stood if very much more massive than those which have partiufly failed, but their

sgecurity would have been dune to their greater massiveness, not to the different principles of -
their construction. . St

23. Quality of Mutsrials~1 have said that the majeriale tvore good. I'am aware that a
oreat deal has been said about the unsuitableness of laterite for the rubble Lase, and some doubts
have been 2xpressed about the guality of the cuncrete owing-to many of the blocks haviog .
been broken. Now, laterite is undoubtedly a froudlesome materidl, anl T am glad to think that
no more of it will be reguired, but there is not the slightest ground for thinking that it eoniri-
Biated i auy way to the late disaster. The trouble it oceasions is thal, being friable, it in
very yuickly compressed hy the weight of the bloaks lnid wpon it, so thut to allow for subsi--
dencé the iatter kave to ba set a higher lovet than is ultimately required. This is tronblesome
in excention, and it has the still greater evil of subjecting tbe Llocks to excessive and itregular *
strains in the process of snbsidence, in cousequence of which many were broken, But when
onece consolidated, the laterite forms as good a bed gs the granite rubble, This is proved by .
the comparison of the amount of settlement of the standing portions of the two piers, one Leing
built on lnterite and the other on granite. There is no appreciable difference betwecu the twyg
It i right fo add that the lateritc was used, not from choioe, but beoause it was mot p B

- cable to obtsin the granite rubble in sufficient quantity to carry ou the work at the speed for |
which all other paris of the work were organized. It would, of conrss, have been right to aac:iv?:..;'
fice specd ‘of oxeeation if ultimate stability. were vndangered, but after full considerstion it wah
decidodt that this was not the cass. ‘ Y

R6. Dreaking of Blooks.—~The bresking of the blooks is undoubtedly u blemish, andy

thongh it occurred over buih the granite snd latorite buses, it ecourred, 1 bave no doubt, more
over the latter for the reason I have given above, though it is impomsible to determine the

. proportions acourately.” The evil, however, is really grester in appearance thsn in reality, for
the force which broke $he blocks at the same time jammed them so closely together that the

. broken pieces are really as effective for the stability of the work as many unbroken bloela

which have not been subjected to the same amount of preééure. I doybt whether it woul I
have been possible by any meaus entirely to prevent thesa breakages, but the number would's
have been reduced if it had been possible to keep the blocks longer before wnbjectivg them to
these severe strains, - Be this as it may, bowever, the comcrete is undoubtedly of excellent'
quality, as even the fraciured surfaces of the broken blocks show, In the restorntion of the
work; as I shull presently point out, this evil will not reonr. But so far there in po cvidenos
ta show that these breakagos havs contrilinfed m any way to the failuro of the work. .
7. Subsidence.~Another point which has given rive to & good deal of remwark in the’
rubsidonce of the structure, but in this I cau see no evidense of weakucss. It is quite certain
that 8 rnbble bank R0 feot high, must cousolidate under the weight of 30 feet of conersie, aod

© it i cqually certain that the offect of agitation of the watcr must be fo canse the rubble to
' siuk into the sundy bottom, but beysnd involving the pecessity of udding to the top if it siuke
Letow the vesuired devel, thete is yeally no barm done. We have the exporience of years to
whow that subsidence does mot Tnvalve loogsiiing o the supareteucturs, but rather therontrury,

- yehite the sinking of the foundaiion to & still lower leval ie o subetantial advantuge. The por-
< iiows of the plers staiding entice buve settlod wpder the sotion of the atorm about 9 junhes at
; : hir aothlng  noar Whe: shore, the amount of sinking
e simos they. wote ‘built. - Tire daruagad: por

heir suter’ ends, gradnally. diminishice o
being inversely proportiotied to the length- 00 They, ore FPbers
‘tions, which of course; ava newer, buve waok abous.  foek.ar far as ona be ascertained, | Thers
* way probubly be « furtier stibaidencs, though its vate will decrease as time goes 0o, but. it is,
- 1 wopest, & porfactly haemlass: procoss. Tha above:are the settlomenty dua to this particylar

rora Jd besn previous sottlemente dus manly, o the mataral cogaolidation ‘pf. the

4

o
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rubble base, generally amounting in the aggregate to from 2 to 8 feet, the maximum being
near the south pier head, where it was 4 feet. The further settlement due to'the storm is pro-
bably caused by subsidence into the sandy bottom. .

28. Recomtmcﬁon.—-lig the scheme for reconstruction, then, we have especially to keep in

view the two weak points, the foot of the outer wall and the top of the harbour wall. The
required object may be attained either by breaking the force of the waves before they reach
.the weak plints or by giving additional strength to the weak points themselves. The former
prinéiple has received full consideration. It appeared at first sight that the remains of the
original piers would form a good outer barrier under shelter of which a new pier would be
safe from damage. But further examination was not favourable to this idea. The shelter it
would give in its present state is too irregular. In some parts it might be fairly efficient, but
in others it would allow the sea to:pass over it on to the new work with increased violence.
To prevent this such places would have to be made up with new material, and this would lead
to a serious amount of work, and I-think a not very satisfactory result. Besides which there is
a congiderable porportion of the old work remaining, and the rubble base especially, having been
.well consolidated, would offer a better foundation than a new one, especially in not being Liable
"0 the . immediate. setﬂgmeht which caused the fracture of the blocks. Two out of the four
courses of blocks are plao for the most part in good state, and an uncertain proportion of the
diaplaced blocks may be recovered and used again.

29. Preference was therefors given.to the principle of rebuilding the piers on their origi-
nal foundations, and making such additions as experience shows to be necessarys The one
‘great objection fo this is the immense difficulty of clearing the ground of fallen blocks. The
‘magnitude of this difficulty can hardly be réalised without inspection of the ruins. It will un
doubtedly be a slow and costly operation, but all who are concerned in it are satisfied of its
practicability, and, the difficulty being simply a mechanical one, we may safely conclude that it -
will diminish with practice and experience.. T ' _

1" 80, I propose, therefore, that the work be rebuilt on the former lines and to the former
s8etion, but with the additions shown shaded on the accompanying sketch, to give increased
strength to the two weak points, .

e .

4

The rubble hase and blocks 1, 2,8, and 4 are generally in a serviceable state. b, 6, 7, and
& are new blocks similar to the old ones, except that they will be 9 feet high instead of 8
feet, 50 as to make up for the 2 feet of subsidence a, ¢, and d being of the same dimensions as
the old blocks, the latter can be used so far as available; 4 is a thin blook inserted for the
purpode of bringing the top of d above water level, so that ¢ may be set upon it in a' bed of
cement, thus msking 4and ¢ together into one block of 36 tons weight. The top of e is
sloped off to give an escape for the falling wave. IE it were level like the- top of 8, the effect
would be simply to transfer the vulnerable point from the top of 8 to the top of ¢, as is shown
by the fact that at the-pier heads where the structure was increased to three and four blocks in
width the one next the harbour etill gave way. -
8
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31. Block fis intended to protect the toe of the outer wall from scour and ultimate under-
mining. It should be placed at as low a level as practicable, so as to aveid encroaching on the .
profile formed by the sea itself. It is a noticeable feature in the cross sections of the damaged
parts of the piers that a seanty slope of rubble and severe damage to the superstructure do not
go together, “On the contrary, where the sea-wall was actually undermined at the soggh pier,
and the nearest approach to a clean breach was made, the rubble base happeucd to be parti-.
cularly full. The evidence is at prestnt not more than negative, but it is to the'effoct that &
tull fore.shore is vot an element of strength. The object of the fooling, therefore, is simply to
substitute a surface of concrete for one of loose rubble, preserving as nearly ag possible the level
and slope which the sea haa formed. From the outer eud of the block the slope will be con-
tinued in rubble. It may probably be desirable where the bLlocks are fallen to seaward not to

disturb them, but rather add some more so as to make protective mounds of random blocks at .

those places.

32. Besides these actual additions to the section, I propose to introduce ‘two extra securlhes
ipto the top course of the old scotion. It has always been an object, though hitherto unattain.
able, to conneot the top blocks together, both longitudinally and transversely, so as to make
all the portion of the section which is out of water into a monolithic mass; but it is 1mposslb!e
to do this in new work efficiently in consequence of the settlement to which the stracture is
liable. An unequal settlement would sever any attachments we could apply. Now, however,
in rebuilding on an old foundation this difficalty will be much diminished. What settlement
does occur will be more uniform, and slight inequalities in it may even be prevented by the
adherence of the attachmeuts. It is proposed, therefore, so to make the oross jointa of the tnp .
blocks that they may be filled with cement, not during the progress of buildiug, but on a suit- .
able opportunity alterwards. It is also proposed to connect the two top blocks by an irom .
cramp made of a beut, worn-out rail with the onds turned down and cemented iuto the blocks. "
Thus, each longitudinal row of blocks will become, g0 far as the cemeunted juints can be depend-

‘ed on, a monolith, and the two monoliths will be tied togother at intervals of 44 feet. It

cannot be anticipated that the monoliths will be absolubely oontivuous. Some of the cement .
Joints will separate, but the majority will hold together, and the top of the break-water will -
consist of wuch larger masses than hitherto, which will lend support to one another in & wuy N
that the detached blocks could not *do. ;

"88. The section ‘thus modified would have the following additional elements of- utablht

“over the old section :—First, it would have 50 per cent. greater width as & whole. Sec»n
the valnerable block No. 8 would be supported (s) by a buttress ope-third heavier than 3
(5) by a tie to block No. 7, (¢) by its longitudinal continuity afforded by the cemeuted j
Third, the toe of the sea-wall would be protected from undermining by an apron- of 00 "9
blocks. I must repeat that it is impossible to show the eufficioncy of this by figures, s the |
force of sea is an indeterminable quantity, - But I think it quite outside the limits of reason. {

" able probability that we shall have to encounter a force of ses so much greater than that of
the late storm, as the strength of the new section would be greater than that of the old.’

84. Uninjured Portwm ~I do not proposs that:the additions to the seotion should bo
applied to the portions of the psem which have stood uninjured. They have shown no sign of .
weakness beyond ssme scouring away of the forcshorves at the foot of the sea-walls. These .’
should be fed with some beavy granite boulders. It would be desirable, however, now that
the block work bas settled down to a solid bearing, to tie the top blocks together with iron 4
eramps in the same way as described for the new work. This would give additional resistance
to block No: 8 in the event of the pext beavy sea cowing from a point more northerly or more ;
southerly than the last, and the cost wonld be smajl, as there are a great number of raile whxch
are of no value foi*any other purpose.

, 85. There is ome further additional security which I would propoae to spply to the curve&
portions of both piers. These bave a special element of weakness in tho fact that if there
should be any. leaning over to seaward, the upper course of blocks would open out Jike a fam. ';
The late storm showed that thers is a.greater scouring force on the foreshore of the curves than -
elsewhere. I hope undermining from this cause will be effectually prevented by ‘the precau-
tions - above recommended, but I would. propose, a8 sn additioual precation for the support of
the superitruoture, to form a groave longitadinally along the top of the sea-wall about 12 inches -
deop all round the‘curves, in. which aiatrong ‘chain cable will be laid, #trained up hghtmd ;
then buried iti'conorete,  The whole oxirve wonld thus be bound together, =
. 86. T would beg- to csll attention to.the fapt thab exob’ one ot'thuddlhonnlhnemom :
mended ia intended to.meet some. weak omt‘disdow; by the sation of the sea npon the'work.

I bave MM'«ntmnpt hombtthmtm.l objections . thet are not supported Ry the lpecml

hig particular ‘occman. My ob]eot has been o pmérye what qxpmieno@ hag
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shown to be good in the work, as well as to supplement wkat was shown to be insuficient, aud
1 submit that it is by this process, rather than by radical thanges of plan which would involve
much experimental work, that altimate success will be best assured. I

8%7. Estimate.—In endesypuring to form an estimate of the cost of the works of restora-
tion, T am met at the outset by elementa of great doubt. About 48,000 eubi¢ yards of con-.
crete block work has been displaced. If the blocks were recoverable in an efficient state, they
right be reset in position for about 4 lakhs of rupees, but it is quite ‘certain that many are
broken, and these will be more costly to remove than the anbroken ones, and will have to be
replaced by new ones. To replace a broken block will cost altogether about three times as
much as to reset a sound one. Others ngain, though unbroken, will probably be so Jammed
into the confused mass that they ean only be removed by blasting them to pieces. Now, it is
quite impossible to form & religble estimate of the proportion of blocks available for fature use.
()ne.-fonrbh and bh;ee.fourths may be taken as the limits of uncertainty in the matter. As the
work of restoration advances, a moré definite estimate may be formed, but for the present I

.am teslly unable to do more. then give the minimum and maximum of what may fairly ke -

‘tokett ‘as within the limits of reasonable probability. The Government will, no doubt, think it

?fng’un to take the maximum estimate as tht basis Hfits deliberations. I may be permitted to
‘take the minimum as what T hope fo see realised, though I am unable to pledge myself to it,

88. I have therefore divided my <estimate into two parts : the firat part is for the restora-
tion of the work to. its former state, exclusive ‘of the small portions of the ongmal design

‘,remammg moomplete, aud thi questmn of ultimately completing which should remain for the

present in abeyance. The socond part is for the additional ‘works of strengthenmg recome

‘mended. The first part i8 also presented in two alternatives—-a maximum aod a minimume—
the former amouating to a little nader 9 lakhs, and the latter & little over 6 lakhs, The second
. p&l‘t is basedon the prives at which the work has hitherto been carried ou, and may therefore
be tﬁken ag reliable. It totaf is a little over 9 lakhs. = The total cost of placing , the whole

: wbl*k in an officient state may therefore be taken as lymg between the limits of 1534 and 18%
Mkhp, ‘and I think three years will be reqmred trom the time of recommencing buxldmg opera-

i

Lt uons for ite completion.

39, The second pa.rt of the estlmabe (thab for new WOrks) is the amount whmh would haVe

g been added to the original estimate if we had had the dsta necessary for makmg provision
" against the foroe of 'a cyclonic, sen. The first part is the penalty paid for our ignorance on
- this point. But I ay remark that this is not altogether without ite equivalent. If the work

,had been carried out in the first instance in its stronger form, its complotion would have been

delayed by two years, and for those two years the harbour would have been in a less emc)ent
qt,uw thaan it is now with the damac,red piers.
40, Present ¢fficiency. g“ the Harbewr.~—Indeed, the business of the harbour hae proceeded

‘ %lth soarcely any change in conséquence of the accident, and although steamers have the
oymm of eaving ‘the payment of extrs dues (Jevied acoording .o the present admittedly
', inequitable: system of charging on the register tonnage instead of on the cargoes landed and

glmpped) by anchoring ‘outside, they davariably submit to theé grievance aud come in. The
injurg to the harbour is scavcely felt durmg fine weather, when the great. bulk of the landing
_and shipping operations are curried on. ' s evil effects will be felt in moderately rough
"weather, when more ses will come intovthe harbour, Shough even then the damaged piers will
“Berbetter than none.

" 4Y, With the view of ascertaining what i t.he amount of beneﬂt at present afforded by
‘the harbour, X obtained, by the courtesy of the Collector of Customs and of the Agents of the

principal lines of steamers, returns of the number of vessels of all classes which have visited
the port for the three months following the accident to the harbour works'and of the number
of tons of cargo. actually landed and shipped within the harbonr during the same time. The
total register tongage of sailing vessely was 13,302, and I have not ascertained what
" qnantiby of cargo was landed and shipped by ‘these. They all lay outside the harbour. The

... register tonnage of stéamers was 146,374, and the quantity of goods landed about 22,000 tons,
~ ‘and of those shipped 11,000 tons, making a total of 33,000. As the whole of this work was

~done at a rate of boat-hire less than that ch'xrgeable in the roads of half a rupee per ton, the
sum of HI8,000 represents the proper eammgs of the harbour durmg the first three
_monthe llowing the storm, I put the matter in this way rather than by giving the. actual
amount levied as dues on the register tonnage, beeause the latter does not represent the

amount of business done in the harbour, and is in force only pending arrangements for a more
direct and equitable mode of making the charge. The halfpmpee per ton also will be raissd,
when the harbour and the landing and«shxppmo arrangements are more complete, to one rapee,
and of wummteuded to the cargoca of sailing vessels.

. - |




. 140 CONSTRUCTION OF MADRAS HARBOUR. : ‘ CONSTRUCTION OF MADRAS HARBOUR. 33 141

the question of the beach improvements

and partially carried out, but the whole
These works are not

48, I propose to eubmit a separate report on
and landmg jetties which were sanctioned a year ago,
schemé must be reconsidered under the present changed conditious.

42. T submit, therefore, that the Madras Harbour, even in its present damaged and
incomplete state, is by no means an uuprofitable undertaking. 1t is confessedly imperfect,

and there are othét poiuts requiring consideration besides the restoration of the works, to oue
of which it is desirable to allude, oharged to the Harbour Works Grant. SN
43, The experience gained since the harbour piers approached completion is to the effect ‘
that the entrance facing the eastward adwits an amount l:)I; swell (partiﬁularly with easterly . 2 ‘ - MADRAS HARBOUR.
seas, which are more frequent than was supposed) whick will render it desu'able so to arrange . T : e y
the berthm«r of ships that they may lie with their heads towards the m-commg swell, mateﬁd ‘ o 3 L S ESTIMATE OF BESTORATION.
of towards the prevailing winds, as had been at first intended. For the great majority of SRR L Rame Be-Repase o Dass, K av B
days in the year this can be doue without difficulty, but there are occasions, about 25 to : M L Do T S : R
30 days, as estimated by the officers of the Marine Department) when a ship canunot lie with : aamua;-‘; Plaat and Ma.nhmery o . . . 1,25,000
per broadside directly or even obliquely exposed to the wind. On such occasions it becomes . " Resetting emting hlockﬂ of nocond couras, both plers, 21 305 cublc
necessary to cast off the stern moorings and allow hcz head to swing to the wind. As the L 1,; yaida, st - 200 4’2’_7,10
ship will then roll to the swell, landing and shlpplng cargoes will be more dlﬁicult and . S “;_:Remnwng broken blooks, 3%.&)38 eubxo ¥ "ds at o ) - 1000 gig’é';g
sometimes even prevented. - With a strong wind from one direction, and henvy swell from ‘mph::r; ﬁmﬁ:‘g‘ﬁ’eﬁ cub;e yards at L e 12 g‘g " Taeng )
another, the ship would roll very uneasily, and though it mlghb be only in. extreme cases ::hnsg ‘ do 10,,67;3 cubio yards, at . - oL . 200 21:356
that she would be in actual danger, such danger could only be avoided by eending her to : "f‘:“‘: ‘ | * —
sea. This in itself is no unforeseen contingency, but it is now suggested that there would RS 5 SV ' 8,98,064
<3 difficulty in getting a ship clear from sufh a{; uneasy berth afgtbat Jjust descnbe(:uwhnl;: re&i{; b'yl’%ﬁv.q?ra‘mbio‘msva_ilab}e‘sas;mbblg, s ., . 300 “9_65;9.9;
subject to the combined influence of wind and swell. Thie difficulty could only be avoided by Sy R T P ' | 8,01,065
an earlier anticipation of the danger, and by taking the ship out of the harbour at an earlier o CH ﬁmb}i;hingmt ) ind‘ééntingéﬁoias‘(ﬁh .. . 80:196
period of threateuing bad weather. - sl B AT R ' ‘ : e
44, The officers of the Marine Departmont are of opinion that this ev:l can only be B I ' R " o 8,82,161
effoctually ocured by elosmg the present emsterly entrance and making an opening facmg' ‘ e S R e e ERRIETE R
“southwards in the sodth pier. If I do not enter into the merite of this proposal, it is not :M "‘mﬁw Plnnt and M“;mmy g o o o oL 1,25,000
" because I question the reality of the evil, but beoause I think it premature to diseuss a g:.smng enstmg ’oloy;ks of neion wutse, both pmra. 21 355 cnbio ‘ o
. question upon which no practical action conld in any case be taken for the three or four years ‘yards, at ' . ' . 200 42,710
that will be reqmred for the restoration of the damaged portions of the piers. During those . “‘;“:““3 fg“é‘;: ug"k” 125678 °°‘h'° ¥ "a” at T :g (g) g i’gg’g?g
three or four years the harbour will be in daily use, and the bearing of this one particular evil pplacing. oublc yards, b - . - o 1582
upon the whole question of the development ofy the advantages a;'frdedlhby thep;arbuur will | ,;‘mmm & "““’“ 2“%;&?5?&;“‘;%;“::’ wooe ; 8 fg | 1’:2'(1)2:
be more easily seen, It is not a question of a harbour,,or no harbour, but of a harbour atford- ‘ff‘ it : £ 7 R U
ing a greater or less degree of shelter, and the value of the increased shelter will be move. : B “ - 5,862,010
precxsely ascertained ‘by the experience of actual work, The proposal may then be pnt‘;" L " ‘ e R .._3_2.'93_‘.1.
forward (if ite deeirability be confirmed by experience) as one giving an advantage dxmﬂy o . ' P - 5,49,976
comparable with the cost, - Ny ‘ | 64,098
45, So far as carrying out the alberatlon is concerned, notbmg would be gamed by In," ‘ 6,04,974

immediate decision ; nor do. I thlnk, even if the idea had been entertained from the beginning,
any matermlly cheaper phn could have besn devmed-—-certmnly nona more expeditions—than

“that of pdvancing both pierd to near their meeting pomt ugmg the interval botween them us ’
s tempprary entrauce, and then ma’kmg the final opening in such a position a8 might appeu" . p R

- most desirable by drawing back one of the titaus, remdgmg the necessary length of blucke, : bt ‘ 0 243,043

“and dredgiug away the rubble. The materials, of course, could be wsed for the final closing g * Apron ““m" 4,000 eubib yards, &t 90 51,600

of ‘the ngmal entrance, which would be carried on by t.he other titan from the side. oppoantd‘ i . ¥Extra ’“m' outaidls, 38,000 tons, i . ‘ e 200 72,000

to thaf in which the new opening would have been made. This proceu ‘will mll De available By Ditto ;iaa h’f:ﬁ?“ﬁ“ s st . 290 ‘g ;;’gg,‘?
»¥ the glteration be ultimately determined on B Tuo fost et hght, o, 216 cubie yards ooment. % 0 y

‘ - : . Cementing joiuts of top course, 218 cubie yards oemeut momr. ut 30 00 6,540

. 46. Having wow explained. as clearly as I conld my views mth regard to the present . ‘ . Bending sod: fixing cramp irous . . e 10,500

state of the works and the best mode of restoration, it remains cbly for me to specify the “ f ‘;. " Chain roundeurvs . T 1,500

immediate Mt\t’;: required for carrying my resommendations into effect. . An urgent, indent; h ?‘Lﬂeﬂmg WPOf bl°°k‘ on. ﬂtﬂ‘ldms P°fh°'l e e e e, 10000

- should at ouce be made for two new titan craiies, to bo coustrueted with such modificationsy; S"‘“ sor— . '

: from ‘the patbern of the former ones es is necesdary for the altered circumstauces of the wor:f' L 2.1 Batttoms :":3’ 1;;3: m,t&“ y “g" :: oL llg g g ‘3}§§3

1 ghall be prépared to furpish the details of these immediately on receiving. instruetions, - b }" ,ﬁﬁ{;’: l-‘:;)]:]g?uuidg 3‘?5%3’225, . . . . . .200 62,400

alsg, R, (000 tons of the: Portland cement should hexmmedmbely ordersde—1,000 tons to be ehipped: ‘a0 Do mmde.'lﬂ,ﬁl? tons,at . .. . . . . 200 ¢ 83’0’24

by anal steatuer, ‘aid 1,000 by wailing vessel. Other atores and materials will be required. ' Firo foet extra hoight, 2,400 cubic yards, at. _— 10 80 25,920

from England, for whioh indents will be duly submitted by the Superintendent, ' - | : ' -Cementing jointe of top courss, 167 subic yards cement mortat, st . 30 O O 5,010

47, In the meanhme ‘blook-making ‘should: bé proeveded - with with the cement now m ' X ‘fé* ‘”Bﬂndms and fixing cramp irons e e e e e 10,000

) ‘a8 may be prooumd from the docal manufastory (fomeuly General Morgau LIPS il : jChain’round carve . 1,500

ménbed in parumph;‘ 3% ants, should ba fixed in the: uninjured. portions of \_{\._‘?{ : Lmumg top of blocks on. atandmg portxon 10,000

o itiequalitie ] ¢ blooke ‘levelled up with new condrete. . This | - ‘ | ‘ 8,50,857

“ou w!u}e thm was uonstant tramco \ . Establishment 7} percent. L. ... . sy0se

Contingencies 2%

Total cost of New Works . 9,35,048
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Note by Covonsr H. A, Browxsrow, R.E., Tuspector General of Trrigation, on Mr. Molesworth's report,-—dated
3rd April 1882,

In the opinidns expressed, and recommendations made, by Mr. Molesworth, I concur mogt
fuily ; but, having regard to the enormous foroes whieh may during the oceurrence of a cyclone
he brought into action ugainst the harbour facex, and fo the exireme inadvisability of creating
disttnst in the stability of the work during a storm, 1 would incroase the section shown in
diagram opposite to paragrapb 16 of his report by increasing the number of biocks used in
the randem block seetion o, sny, 10§ per 43 lineal feet, I think, alse, that it would be wel)
worth while wo 1ncur extra oxpenditurs on inerveasing the specific gratity of the blocks laid on
the outer fice of the néw work. In 1870 I visited the works in progress at Tynemouth for
improvement of entrance of the river. and found the foreshore being protected by concrete
blocks of great density and tenacity, consisting of furnace rcfuse (containing 60 per cent.

: of iron) mixed with Portland cerent in the proportion of 6
H;J,ﬁﬁ 2,';‘}{;";3:5}; ‘;;f‘};l“,?"‘: to 1; 12 cubic feet of this mixture weighed 1 ton* and 36-
faet.x 4 feet, and weigh 27 tons, w0 ton blocks made of it wore found necessary to resist the force
'h'glﬁfkﬁ“b;; fe:,fe‘)f,}:‘,;’,?;,ﬁfhhutw:i of the waves, estimated at 5,0000 on the superficial foot
density similar to those used ot Tynew  jn heavy storms. At Tynemouth it was also found that .
moutl, would weigh 36 tons. the waves flattened out the rubble deposited below low-water
mark to a maximum width of base equal to about ten times the depth (300 feet base for 30 feet
depth), so that I anticipate the ultimate necessity for considerable additions to the rubble bases
on sea-faces of the Madras harbour, unless they are protected by additional blocks towards the
sea, such as I have recommended. Taking all things into consideration, I think that 36 lakhs
of rupess will most probably be found nearxer the ultimate cost of efficient restoration of the
harbour than either 27 or 80 lakhs. :

From Capeax J. H. Taxror, B. N. R., Master Attendant, Madras, to the- Secretary to the Government of

Madras, P, W. Dept., on the fcros of the sea aguinst the Madrss Harbour Works daring the storm of 188]1,—
No. 2682, datod 4¢h April 1882, i

I have now the honour to remark that, having caréfully attended to various remarks upon

the damage done to the harbour, aigd the means recommentlcd for ite restoration, I feel it my

duty respectfully to draw the attention of Government to a mont impurtant feature in the case,

upon which it seenis to me considerable and dangerous misapprehension is likely to exist, vis.,

the comparative strength of the ses upon the occasion. ' Few officers have had more opportuni-

ties than myself of observing cycloncs and estimating their:wave action, and I have always

said that the attack upon the works on the 12th November was a very mild oue, and not cal-:

culated to furnish a proper basis for reconstruction. I have now the honour to forward reports’

from the experienced officers of this Department and the boatmen of the port, by which it will
be seen that no difference of opinion exists upon this important point. = 1t will be a real calamity
if another disaster follows-from want. of appreciation of the difficultios nature may again throw
in the way. I have had my attention drawn to several theories about cyclone waves, but they
*do not recommend themselves to me as trustworthy when such important interests are at stake.
2. The random block system is the only ong that, as far as I can discover, has the confi-
dence of the public. Had this method been adopted directly the accident occurred, the work
ye=ald huoe now been six months advancing towards completion. Stone, such se was wsed by
DeHavi land for his balwark (which stone still remains in sitw) and by Sir A. Cotton for his

break-water, is to be found in abundance in the bed of the Adyar, close to tho South Indian

Railivay. )
éastern_, opening. “The hatbour will ot be efficient while that is allowed to remain, * '

4. The sugzgestion of & small beath boat harbour, though it might do much good, doss
not seem t¢ take into oconsideration the insamitary condition such a work would soon fall into,

nor ite great expense, At present the seaw that oome in and over the walls heap up water in-

the harbour, Leating upon the beach with more or less violence, and taking up sl depoeits,
and by the aid of the strong current setting outwards, of which they are the original cause,

keep up  cleanly and healthy state of things, which, in my opinipn, it wguld be a pity to

di’ﬁufb- N » ) L » . "v 4 . , N
e & 11 LB Mmmm., .’ utyl(uﬁm&mndtut,mmu, on the same subjeet,~~No. 910,

‘ anmg bes; nﬁiedbyth&Mbﬂtm‘-rAm&mﬁw ré,bord‘ms:‘bﬁnidn‘ regurding the rel;tive
height of #h zrﬁ during’ 4o oyclones, which prevailed at-this port on the 2nd of May
1% and viof

8..T regret to notice the small attention attached by Mr. Parkes to the question of the -

81, 1 have no bgsitation in stating wy solemn convietion,
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areful personal obsérvations during both cyclones, that a much higher and fiercer sea
ed in the storm of May 1872 than im that of November 1881.
1 making this comparison I am of course particularly referring to the sea and surf out-
the walls of the harbour., The sea inside the harbour was not a natural sea; it was
midal bubbling boiling sea; in fact, one may call it an artiﬁéial sea. The pyramidal
£ wave being in a great measure owing to the great volumes of water which were
it into the harbour by the wind and sea through the easterly entrance, and also by the
geas, some of them 50 feet long, topping the harbour wall, finding a vent by running
) seaward through the easterly entrance and aegainst the casterly sea. It is now an
sined fact that during a eyclone there can only be an easterly sfilprevailing within the
1r walls, no matter from which point of thé eompass the wind m#¥ be blowing.
Y revert to the hurricane sea outside, i.e., the cyclonic sea proper, I find it recorded in
stes of the May cyclone, “at daylight the roadstead was an object worth secing. As
the eye could reach, between the lulls, the sea out to @ fathoms of water was a roaring
of breakers ; the shipping at anchor were completely enveloped in spray, the rollers
ing clean over their bows and dashing wildly up to their lower mast-heads.” I mow
4hat no such sea. prevailed on the 1%th Novémber last: The sea did not break in
ioms of water. Had such sea prevailed, the bargtie Mars would have been inevitably lost,
i of being able to/go to sea in ballast trim, under doubled veefed topsails and reefed
il. 'The heaviest ses prevailed between daylight 6 2.M. and 8 am. of the 2nd May
. when but very few of the citizens of Madras were out of doors. It was af this timo
the port was placed on the advancing quadrant of the storm, and wearest to the centre,
» its contact with the shore. At 9. s.m. the wind was east and the vortex had passed
re and over Madras, and the extreme violence of the sea had abated in force, though it
,ontinued very violent until noon. ‘
In further confirmation of the heavy sea of May 1872, I would here state that I was
re-witness of the loss of the Ardbeg of 925 tons register. She- struck well outside, being
iy laden, and disappeared entircly within the space of two minutes. This ship was simply
y wiew enguifed, as she lay on the ground, by a tremendous sea, the height of which, in
riimble estimation, could not have been less than 20 to 80 feet in height.
Tt has been alleged that the.sea in & cyclone need not necessarily be high or low according
i¢'foree of the wind, and that in the last cyclone, although the wind blew with but
paratively little force, yet thero was a greater sea on as compared with the sea in 1872 -
.may be the case on some occasions. For instance, we know that the sea in the advancing
rant of a cyclone when near to the vortex is much heavier than the sea further away
1 the vortex. 'We know that the sea immiediately bohind or in the wake of the vortex is
ry violent cross sea, when perhape the wind bas considerably lulled. But in taking into
rideration the force of the wind in the last gale, it seems to have escaped notice that the
19 of the gale was from N./7., of off the land, and that therefore the sea could not °
ibly be very heavy. In the May gale of 1872 the wind for four days had no westing, fus
Wm,mltw most important factor in raising a sea. The last cyclone came in upon
shore *ffNW ."I:W-N-W- course ; the storm in 1872 ran nearly parallel with the
# for about 48 hours, which was abnormal, and which, combined with the slow rate at,
¢h the vortex travelled, helped materially to raise a tumultuous sea with which that of
vember last should not be compared. .
. Finally, I would state that, in my opinion, the average height of the waves in the May
lone of 1872 was not less than 15 feet. ‘

E Memorandum by W. H, Barrrerr, Beq, on the same subject,—dated Madras, et March 1882,

1 am of opinion that the sea outside in the cyclone of 2nd May 18¥2 was much heavier
A that of 12th: November. 1In the former case, in the very early part of the day, and when
y a few people were out of their beds, or on the beach, the wind and sea were both coming
from" N.E,, and,acting conjointly, produced such a sea as I have seldom scen.

. The drdbeg, a loaded vessel of about 1,000 tons, parted or slipped from her anchor, and,
fing to get an offing, she took the ground broadside on, and in less than two minutes there
# not a vestige of her to be seen.-

A little later on the Burlington, about half loaded, came ashore to the southward, also
»adside on, and in a very few minutes she parted amidships. ‘

Later on in the day other ships came ashore, but by about 9 a.u. the wind went rouhd
the southward of east, and, as a natural consequence, the ses went down.

It was from this time that people began to assemble on the beach. Thisis a very import-
t factor in comparing the seas on the two occasions in question, as those who witnessed the

-



144 ' CONSTRUCTION OF MADRAS IIARBOUR.

state of things at 9 a.M., and later on, could not possibly form a correct estimate, the worst
of the weather being then over,

In the height of the cyclone the Evelyn, which was lying much ibshore of the Inverness,
and consequently had a more perilous position, cut away her main and mizen rusts, and she
even then dragged vonsiderably to the W.N.W,

Some stress has been laid on the fact that the Inrerness aud Bonnie Dundee rode out the
eyclove. True they did so with a long scope of eable, and in 10} fathoms water, but very
wisely neither of them attempted to put to ses, while in the rough weatber of jast November
the Mars put to sea without difficulty, under an amonnt of canvas which would bave insured
her capsizing bad she ’mpted to do o in the cyclone of Muy 1872,

N »

From Mz. C. SroLssRa, Pier Master, Madras, to the Master Attendant, drawing eomparisons between the gtorm

of 1881 and thoso of provious years,—No. 182, dated 31st March 18827

« 1In accordance with your order, I have the honour to submit my bumble opinion with
reference to the cyclone in 1872 and the rough weather in November last.
2. The cyclone of 1872 was a very severe one, I can only equal it to those hurricaues that
blow off Mauritius and Cape Hatteras, in which it is impossible to face the wind. It was so
in May 1872, About 8 .. it blew the strongest, and most of the ships parted their cables.
Captain D. Foreman, of the Ship Iwvershire, told me that the sea broke over his ship in 84
fathoms of waler when his cable parted. The pier suffered a great deal during 1872 cyclone;
most of the sleepers were washed awny ; several beams torn away from the pils caps owing to
the very high sea which prevailed, whercas in November last the wind and sea were nothing
like it. 1 wason the pier for most of the day, and up to noon hoats were plying between some
of the lighters and the pier. I saw the harbour titans fall ; at the time the sea wos nothing to
speak of to what it usnally is during rough weather. In the afternoon the sen got worse ond the:
wind increased to a gale, Towards midnight, before the wind changed to south-east, it did
blow in gusts. . In the year 1872 carringes were upset by the wind, whereas in November last
they were seen night and day.up and down the beach road. 1In the gale that we had in the
latter part of 1874 the wind was stronger and the surf bigher than what they were in rough

weather under reference.

Note by Coronsr R. H. Bawxey, R.E., Chiefl Enginear, P. W. D., Madras, on the foregoing letters and conoorn- - o

ing the intensily of the storm of 1881,~~lated 17th April 1882, . ,
In the accompanying letter from the Master Attendant, No. 2682, dated 4th April 1882,

that officer submits his own evidence and that of several experienced mariue officers and

boatmen as to the character of seas during the eycloue of the 1%th November 1821, when the
Harbour works were so much damaged.

2. There has been much difference of opinion in regard to the point dealt with in these
papers, and s neither the records of past cyclones, nor the evidence available from that of
the 12th of last November, afford any very reliable scientific basis for instituting a comparison

as to the actual height of the waves, we can only take for what they are worth the-opinions of - S

the best qualified observers. i
8. Mr. Parkes, in paragraph 8 of his report of the 9th March 1582, observes that  the

testimony of all observers ie to the effect that the sea of the 19th November must rank with
those of the great historical cycloves;” but while adducing the opimion of Mr, Chisholm, the
Government Architect, to this effect, ke admite that the officers of the Marine Department

considered the storm®of 1872 to have been the most severe. - o
4. The undersigned in dealing with this portion of Mr. Parkes’ reports—sec paragraph 10

«

of bis Note of the 13th March 1882—felt himsclf compelled to observe that, although ¢ doubt-:

Jess the seas were much heavier than might have been expected from the comparatively low :
recorded wind pressure at Madrae, as also from other phenomena conneated with the storm, .

many hi

gh authorities would be unprepared to aocept the oyclone of the 12th November ” ag

affording ©“ a sufliciently orucial test of the forces which may be expected to be called into.

action in a eyclone of makimum intensity.”’

" 5. Theevidence now adduced, particularly that by the Deputy Master Attendant, goes far, |

" it is thought, to confirm this opinion,

!
i

.. 8, The statement from a note kept by him ‘6£'_the cyelone of 1872, that ¢ as far as tha eye:
" aould reach between the lulls, the sen ont to @ fathoms of water was & roaring maes of breakers,” -\

. mceurately corresponds with the recollection of the undersigned in regard to ona of the cyclones
" which, late in 1856, burst on Madrss, and which he personally witnoased, Viewed from the

L

A

o
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i

. _
CONSTRUCTION OF MADRAS HARBOTR. C?b 145

nstoreyed honse at Ennore the seas were, observed to break with the character of a
ut to sei;gto.,an"jmmense distance from the shore.
1ough not so favourably placed for commanding an equally extensive view in the
1e can safely say that no such violent action of the sea was apparens, ‘
ce the time when half the French fleet went down off Madras in the storm of
k6, and se many English store-ships and transports were driven ashore off Pondi-
1e 1st January 17681, down to the eyclone of 1872, the record of all severe storms
Joramandel coast shows that a great majority of even the best-found ships have
t their moorings or have parted their anchors and been driven ashore.
e, however, during the late cyclone the only vessel lying off the port, viz., the
s, after riding out the storm till the evening of the 12th#November, put to'sea
vn “ without difficulty, under an amount of canvas which would have insured her
ad she attempted to do so in the cyclone of 1872.” ’
io Deputy Master Astendant emphatically says, *“ The barque Mers would have
bly loat instead of being enabled tv go to sea in balldst trim under double-reefed
roefed foresail.” He avers, moreover, that “nosuch sea prevailed ou the 1¢th
ast,” as he had previously observed in the cyclone of May 1872, The Pier Master
s that he saw the “titans fall at a time the sea was fiothing to epeak of to what
+ daring rough weather.”
ie evidence deduced from the fact of the timber flooring of the serew pile pier (17}
1ean ses-level) having been injured in both the storms immediately in comparison is
>f little value, as during the last occurrence the sea inside the harhour assumed a
orm owing, as stated by the Deputy Master Attendant, to the great volumes of
h were brought in by the wind and sea through the eastern entrance, &e., thus
urmoil totally different from the steady normal advance of successive waves with
parallel to the coast line. 3 N - o
@ statements of* the  uative boatmen, who have necessarily sach an extensive and
owledge in matters of this character, coufirm the opinions expressed by the Master
wnd his officers. o - ‘
ie undersigned would not have dwelt at any length on the evidence now produced
reen that. Mr. Parkes has based his restoration scheme almost wholly on the effacts
iyclone as, in hig opinion, having been one of maximum iutensity, or, to use hig
ion, * one of those great historical cyclones,” whercas the facts, as vouched for by
of the department best capable of judging, appears to point to a very different
Considering thé importance thus atfaching to the point, he ventures to think that
w brought forward should be forwarded to the Governmeut of Indiu and the Secretary
continuation of previous correspondence.

1zes, Esq., M.Inst. C.E., to the Under-Seoretary of State for India, on the subject of the intensity
o L of the storm,—dated 2nd June 1882. a :
received through the Superintendent of the Harbour Works an order of the
t 'of Madras, No. 1008W., forwarding certain papers to the Government of India
cretary of State in continuation of the papers recorded with G. O. No. 780W,,
March 1882.” e -
unk it my duty to call your attention at once fo one of these papers, becanse it
tatement which is, no doubt unintgnbional]y, quite untrue, and calculited to pre-
onclusions” which I have submitted to the Government. I do not propose to euter
1t6 any question of opifion, but simply confine myself to one of fuet.
- papers consist of a letter from Captain Taylor, the Master-Attendant to the
b, forwarding, with some remarks, the opinions of three officerg of his Department
ral other persons as to the relative force of sea in the great storm of May 1572 and
r 1881, and a note thereon by the Chief Engineer of the Presidency.
s evidence, interesting and valuable as it is, adds nothing material to-the informa-
1ed to me at the Master-Attendant’s office before I made my report. Otker
ident evidence to the contrary effect was then before me, and on a review of the
t that I was not justified in saying more upon the comparison of the two storms
rere was a conflict of evidence as to which was attended by the heavier sea.
as bound, however, to follow the course indicated by actual results in my investi-
laving ascertained the weak places in the work, I proposed to apply additional
those places, and that to an extent cousiderably beyond what was actually proved
ary by the results of the late storm ; this additional security being avowedly intend.-

the possible attacks of still beavier seas.
' T

/
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6. This was in my mind, and it will be scen that I have given occasional expression to it

throughout the preparation of my report, and it was thercfore with some surprise that I read.

in the note by the Chief Engineer (paragraph 13) the statement that the late cyclone was “in
his {Mr. Parkes™ opinion” “ oue of masimum intensity,” and that my restoration scheme was
based on this assamption.

7. 1t is possible that Cglonel Sankey’s misapprehension may have arisen from the fact ‘

that I made observed results the starting points for my rccommendations, and abstained from
adopting any conjectures as to what heavier seas might do in other dircotions than those
indicated on this occasion. To do so would, in my opinion, be impracticable and unscientific.
I look upon the construction of the Madras piers as an important experiment in engineering,
of which the results are not confined to mere local benefits, and I should deplore on more than
personal grounds a decision of the Government which would throw away the results of the late
most important and interesting lesson.

8. I would respectfully ask that the substance of this letter be communicated .to the
Governments of India and Madras. )

»f'Tote by Coronrr Sanksy, RE., Chief Engineer, P. W. Dcpt., Govt. of Madras, on the abovo letter,—dated
26th June 18%3,

By the last home mail Mr. Parkes has communicated copy of the aunexed letter dated
the 2nd June 1882, nddressed to the Under-Secretary of State for India, in which he takes
exception to the interpretation I had placed on his estimate of the storm of the 12th Novem-
ber 1881, as expressed in paragraph 13 of my note priuted with G. O., 24th April 1882,
No. 1008W., viz., thatit was one of “ maximum intensity.”

2. The quotation given by me in the paragraph adverted to was taken from paragraph 8
of Mr. Parkes’ report of the 9th March 1882, which runs as follows : —

« The testimony of all observers isto the effect that the sea of tho 12th Novemnber musf tank with
thoso of the great historical cyclones, though there is a cooflict of evidence as to whether it was

actually as hoavy or * heavier ;” and then he goes on to quote his authority, Mr. Chishelm, who, .

he says, “ speaks confidently as to the rocent nea being considerably heavier than that of 1872.”
3. My remark that he had based his restoration scheme almost wholly on the effects of
the late cyclone, as in his opinion having been one of maximum intensity is, he observes,
“ unintentionally, no doubt, quite untrue.” He is of course the best exponent of his own

language, but I submit that I had somewhat strong grounds, as shown by the above quotations, s

for the conclusion I had arived at. He now contends (paragraph 4) that the evidence furnished
by the Master Attendant and other very experienced Marine officers *“ adds nothing material

to what he had himself collected before making his report ; but in this case I think it may fairly .

be inquired why, with the evidence of the professional Marine Department open to him, he
set this aside and only quoted that of the Counsulting Architect, whose opinion, however
valuable in matiers connected with his own profession, must necessarily weigh but very little
in a case of this kind, even had his opportunities fdr arriving at an opinion heen exceptionally
good, which would seem not to have heen the case.

4. Mr. Parkes, in paragroph 7 of kis present letter, observes that it wonld have been * im-
practical and unscientific,” had be not made observed results the starting point of his recommend-
ations, and abstained from adopting any conjectures as to what heavier seas might do with bis

work, and (paragraph 5) that, having ascertained tho, weak places in the work, he proposed to

apply additional strength to those places, ““to an extent considerably beyond what was aotually
“proved to be neocessaty by the results of the late storm,” &e,

8. Now the sections given of Mr, Parkes’ proposed restoration show (paragraph 30 of his
report of the 8th March 1882) that the uppor part of the completed work will have & thickness
of only three concrgte blocks, but, as noticed by me in’paragraph 14 of my note of the 18th March,
the piers at their ends where the thickness was four blocks had, as a fact, fared no better than
whete there were ouly two ; they had been equally knocked over in the 12th November storm.

It is quite true that Mr. Parkes provides an iron cramp between his two front blocks, and also

increasos the weight of his rear block, but with all this I think it may fairly be guestioned
whether with these additions hid section will be stronger than what it was at the end of the
piers in the work which failed. .

6. The principle, moreover, of only providing for meeting the shock of a storm which, - ‘v

%

a8 it now seems, Mr. Parkes does not consider to have been of ¢ maximum intensity,” seems to -

me wrong.

7. 1t is the daty of the Engineer invariably to proiride a sufficiently large margin, to | |

ensuare the safety of: his work, and this is one'of the chief points in which I cannot help think.
ing Mr. Parkes’ design distinctly fails, .As his wall should be oonstructed with the exprese

object of withstanding intact the shock of the heatviest seas q‘l;d breaking them up, ho is:

bound, l“‘ cdmidgnj, % allow a wafficient cosefficient of safety.

Te has not, I think, done this,

il -
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and it is to my mind far from re-assuring to find, at the present stage of this great work, that
M. Parkes is obliged to look on it as only an “important experiment in engineering.” )

8. It being of the greatest importance that this subject should be ventilated as much as
possible, T take this opportunity to add the following remarks from a letter addressed by the
late Captain C. Biden, Master Attendant, to the Secretary, Military Board, dated Madras,

. .. CONSTRUCTION OF MADRAS HARBOUR.

" 18th June 1851 1=

¥* * * * * *

“ Para, 16,—As a remarkable effect of the great force and power of the ground-swell in
this roadstead, I may call the Board’s attention to the following cccurrence, as published in
the Asiatic Aunual Register for 1808, pages 128—29, to which I myself was an eye-witness,
as I was living in quarters on the north heach during the whole of one of the most violent

_ hurricanes that ever assailed Madras, viz., on the 1lth December 1807 :—* The sea rose much

beyond its usual height, the surf reached Messrs. Harrington’s on the beach, and by its vio-
lence exposed 4 feet of the foundation of the house; one side of the adjacent building, the
Naval Office (where I was residing), is much damaged, the Company’s rice godowns were
forced open, and much of their contents washed away. The sed rose close to the ditch of the

" fort apd the surf dashed witb violence over the rampar’rs. The counterscarp at the north-east
‘angle gave way, and the water poured into the ditch at every rising of ‘the surf. The bastion

at the northern extremity of the Black Town wall gave way, and two guns were dismounted
into thesea, &c. Some idea may be formed of the strength of the curvent and force of the surf
from the circumstance of a large portion of the ribs of a ship, supposed to be the Fairlie, which

~ was burnt in the roads in 1799, were thrown ashore close to Mr. Parry’s godowns.’

_ 17, This is the remarkable fact to which I have alluded ; the wreck thrown aground by
the upheaving of the sea was the entire bottom of a ship of about 800 tons burthen with iron
kentledge on her floor, and I well recollect that many persons conjectured it was the remains
of the Malabar burnt and sunk in six fathoms water in 1801, especially her Commander,

' Captain Kent, who bappened to be at Madras during the gale. However, this remarkable in-

stance of so large and weighty a body of wreck being hove high and dry on shore should be
taken into consideration when any great outwork for the improvement of the port isin
contemplation, and it is very evident that no other barrier than a wellaconstructed break-water

could resist or opposé 8o tremendous a force.”
: * * * * * *

From N. Sr. B. Bearowors, Esq, C.E,, Acting Superiniondent, Madras Harbour Works, to the Secretary
to Government, Public Works Department, concerning scctions of the piers of the Madras Harbour after
the storm,—dated Mudras, 156th July 1882, No. 22 W.

Referring to the note to paragraph 4 of Mr. Parkes’ report on the Madras Harbour, of
9th March 1852, I have the hoxﬁ)ui' to forward you a plan and five.,shects of sections of the
injured portions of the two piers. The five shects of sections consist of one sheet of each of
the curves, one each of the outer straight portions of the piers, and ome of the outer part of
the inner straight portions of the north pier, showing the scour on the north side in the rubble
base, which has now been filled up. Much difficulty was experieuced/in making this survey,
the greater part of it having been made from catamarans ; and the fair -weather period of the

 last north-east monsoon was unusually short, or I should have complbted a larger number of

sections, The intention is to take a section at every 25 feet in the length of the pier, but
there will hardly be a chance of taking more until next September or October, If the weather
should not be fair enough, then there will be no further chance until February next,

Note by Cororyrn 8awksy, Chiof Engineer, P. W. Dept,, Govt. of Madras, or. the plaft and sections forwarded
‘ in above,—dated 26tk July 1552,

The sections of the ruined piers of the Madras Harbour now received from the Officiating
Superintendent, Mr. Beardmore, have*apparently been very carefully taken at 50 feet apart
along the work, and embrace the following lengths of each, commencing from the outer ends
at the Harbour mouth, viz ;e ’ .

.
Northpiee . . . . . . .. 3¢ 1,500 2,350
Southpier . . . . . . . 3,050 2400 1550
Total length sectioned 3,900

Tl
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14 will thus be seen that, wthengh abeut LOOU Feit of the shore end of the south prer G
1,400 feet) temain to be sectinnind, amil double the present pumbier to be

' feet, it may be thought that those
3 K

potween 2,409 aud
it is proposed to have cpgtiions nboevery 2

tabeore over afl, &
now sulanitted wild adwnt of some wseful conchmions hejug drawn.

2. thitherts the Govermvent have auly lud before it Mr. Thorowsal's original port,
pude immediately after the eyclone of the 12th Nevember 1381, aml My, Parkes’s more detailed
e, dated 9tk Marcl 1862, as indicating the position of the blocks.

3. Tn paragraph 20 of the Jetter Mr. Parkes gives what he terms “a typical section of
very tuch of the work in its present state,” abling “ parts of 1t are neressarily hypothetical.
bt there is enough which s nutier of actial observation to justify the pssuniption of the
romainder.  For a lngth of at last Lwo-thivds of the damaged fpurts, blocks 3 and 8 bave

Lwen truced by the divers and found with slight exeeptions to be undisturbed ;' and farther
Cun S Thers 15, howeveT, sufficiont evidenee, divect and indireet, to negﬁtiyc the very 1o~
valide supposition of these {the iunec lower blovks Nos. 2 and 4) having been andermined 3
fiws caused the fall of the inuer wall towards the harbour.” ‘

4. Az an excepiion to s generahisation, which affects 1,200 feet of the north and o
Foet of the south pes, Mr. Purkis goesdu Lo show thmt 800 feet of the first and Hoo fee

boen differently affected, and in these that probably beth the lower

of the sceond bave
I3

blocks Noy 1 und 2 have beeu slightly displaced, No. 1 heing dmwn nway littla seaw
and titted. ,

5. On the positions of the lower blocks as thus determined Mr. P
seconystruction scheme on the monolithic system. 1t is unnceessary 4t this moment to ™
alysis of the sections as now gubmitted by Mr. Beardmors, the mote 80 u8
bext continuous record
arpished  withoud being
wl arms

arkes has Lared his
ake

any very detailed an
the further sections promised later in the year will doublicas give the
which it is possible to obtait ; ‘bul oue van hardly examine those now furnis
strack by the very much greater displacernent of all the blocks, ulong both the seaws
of the werk, than omue would be led o expecy from Mr. Parkes’ report.

6. 1t is truo there was, later in the year, rather a heavy sea, but Mr. Beardmore hae dis-

inetly peportul thar this oecasioned no farthar digplacement of the blocks,
7. Along the wwuth pier, with the exception of the sections aken severally at 4,500,
Fverywhere

3,775, 3,750, and 5,725 feet, the distarhnnee of oll the blocks seems very greal. rywi
the piers seemm to wave shifted towards the Uarboor sl suak with a tilt in that direction,
ehowine that where the two Jower Wucks Nos. 1 and 2 are not actually displaed they have
3o longer a horizontal bed as indicated by Mr. Parkes’s seetion. o

. Along the uoth pier the evidence of disturbance ia even greater, The wovtiong takes

at 3,850, 3,775, andd 3,300 et alone seem to hold out a hope that the Jower blocks #ro salie
ciontly uranved o buitd apon again. .

0, Joverywhere thove hias fion great settlemeat of the work on a whole, and draging
seaward of he cubhlc Dhsey coupled with other evidenes confirmatory of Mr. Molcswortl’s
pointon 1hat the random bluck system of roconsteuction seems the only wfe one now to

olR NOwW

IS
resott Lo, ‘ . .
10, However this muy by, there wonld seem 10 Yo safficient evidence n the sneh

ey in adopting Mr. Parkes's mogolithic system of reconstruction ull

submitted to warrant du ‘ ‘
tice «of the home experts, whe vo doubt will be consulted by the

they baye -eaae wuder the no
Seeretary of State. L

Her Majesty's Secratary of Stato for India, to the Gavernment of India, regarding the proposed
£ the Madras 1larbour Works,~No, 18 P. W, dated 8th March 1883

llency that tho Committee™® which was appointed in July
< last to enquire into the present coundition of the Madras
* £ir fobm Hohatom, B2 Harbour, and to report on the measures which should be

Sir Johu Coode. . :
Prufesor Stokes tuken for restoring the works, o as to give reasonable expec-

tation of thar future stability, bave brought theit deliberations to & close, and haﬂ? submit’?ed
a report,t ¢opy of which 1 now forward, for the inforrmtion

t Datod 23ri Junary 1855 and gwilance of your Govertment.
9. My, Parkes, the Chief Engineer of the Harbour Works, bas been in frequent conmus

gication with the Committee in their investigat

Despaioh by

reconstraction @
¥ have to inforg your Exce

ions, and bas had an opportunity of seeing
: their report. The letter] envlosed hercwith will shiow your

% Datod 10th Felwwarg 1680 pioljency that ho concurs in the gencrsl principles on which

the Corornittee recommend that the work of restoration shonld proceed, but considers that in

certain portieulars xaod: )
that foux yeurs will e Tequired for the completion of the works contemplated.

Heations may be desirable.  You will observe, also, that he s of opinion
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‘. e (im?:i2£‘:ztl?gi:(f%s(?0°f ﬁgonstructing the harbour, in accordance with the proposals of
s & i . . . .. .

1o Con made., , is may be susceptible of reduc‘tlon, but is in excess of estimates
“.  a:.ﬂ:f;z; fz:reft_\l con‘:éde‘mtion of the whole subject; I have come to the conclusion that, so
88 ineering guybstions involved are concerned, the views ) i t

a8 ‘ | . tned, ¢ views expressed In the report of
?ga:z}x:;?:ni;?.tee cox}sulted unde!: Lm'q Harh‘ngton's instructions, consisting, as that bmf; (lis ‘
[ autho d1es e?}lx}ently qu-ahﬁe(.i to advise ou the very difficult pmblexh to be wolved shoul(i
2 lx)zposm :st,oet;)mzxi hthe ?IE'C;S&‘;D on the prineiple of vestoration to be followed, if th,e decl
‘ nat the additional oatlay which is requisi ] 4. There is
be c0 t hick quisite should be ineurred. There is
%t;l:,zi t;: n?/:r(;f Pax:kfes’s ti:t:erl to lead to hesitation in this respect, and;1 understand tb::eth‘:
! e of opinion that the work of restoration might b b -wi Feaso
e, . sk 4 s . ight be set about ‘with every reason-
: hat, sbure gould : stort intai )
A cbure gou b:e satisfactorily completed and maintained on the
5, While T am. of opini ; o |
_of opinion that the reconsfruotion of the harb
” 0 i 0ng : our should be undertal
h; ::gat;i ;ost{ before coming to a final decision to incur so large an outlay, ¥ d)ea?x‘-iaien "
); ormed o .f e views of your Excellency’s Govervaent on the financial ftspe(.}f’ of th(i que ? -
n&?i‘lg} of your reports, I shall reconsider the whole subject, and my Jecision “ili { .
aunica : , . - . ’ mon Wit be com-
e ec .’co yoir Excellenvy. mh'b the least possible delay, any necdfui instructio vb?m
s then given to Mr. Parkes for his future gunidance . | s e
6. I have furnished u eopy of this Despatc ! of i
’ ' ed espatch and of its euclosures to the Gov i
8 . : Y ¢ 1 ! > he Govern f
Hadras, w:th whom you will no doubt deem it desirable to place yourself in ¢ . 10l m?nt o
s E“ﬂy e : X S commuieation at

PN S

4
N g e

toport by Sir mer Taiwzamaw; Sip Ionn“(?uom :
‘ ‘ HAWy SO g, and Pr . Y
should be ta}mn for rostoring the works uof the Mad’ms Harbs:::s i‘;ﬁtg" ]{o f(’ll':: R.:é,(‘;“ Ith(- meas.‘n“x:s which
On the Sth. ) o s 48rd January 1853,
ofer n)l? :'s(:e N ?_h J:;‘Y last, we had the honour to reccive a communivation from Eord Enfield
el f ;:nOl?S E.mage_ to the work-g of the Madras Harbour hy a severe cyclone whii Jl‘n lezi
fx o "1|‘,h e preceding autumn, and informing us that certain })I:Oposzllq having been Ld P
‘eh, brt,l"‘jg“tde works, the Becretary of State Tor India was desirous that the su%'act fa le o
1:1 es}ngm by competent professional authorities in this eountry, und that Lon(Ji HS : ud e
) N sy, . . ) 4 X :
as (8(5!(11(% to appoint a Committee for the purpose, and proposed that we should artington
‘hat: Committee, ‘ : ‘ ' we ahould constitute
‘Lord Enfield’s letter is gi i : di ;
X given in the Appendix, and having
TN . . . ¢ongent : o7
mstinuc’r.mns and provisiofis, we bave now to report‘ our proceezl’ix: ) ol o act under il
which we bave arrived. ' g
The following documents have been forwarded to us, and have had odf considerati
, ‘ ration,

L‘iﬂ. —

, and the conclusions at

‘Rep_or:t by Guilfo_rd L. Meolesworth, Con.eult.i_ng Enginecr to the Government of Todi
. .fqr State Railways, to the Secretary of the Government of India Plxbl' W-m .
Department, dated Caleutta, 1st Murch 1882, ’ o Works
Report by A Ww. S:tlﬁ’:e, Port Ofticer of Caleutta, to the Secretary to the Gover
Not oben(gali Public Works Department, dated Caleutta, 13th Mareh 1862 nment
No efq{lic %‘ (’)3:113 %e ]a{rt ni: ;:olceg, "Ifi.‘E" Chief Engineer of Government of Madras
| . . ' 4
vy p t, Buildings and Roads, Civil Works, dated 23rd March
Repoét b}; Witl]i!:.t}:l garkes, Engineer-in-Chief of Madras Harbour Works, to th
~Secretary to the Government of Madras, Public W a4 y
* RN s, Public Works Departu:ent, dated Madras,
:; I\ote}?y Colonel R H. Sankey, R.E,, referring to, and accompanied by, sections of
ier, dated 26th July 1882, and by an extract from the Proceedings of: the Madr:
. Government, Public Works Department. e
(:ove;gmex;{t of hlfadraa, Public Works Department.  Papers numbered 33, 84, 72, and
73 Remarks on correspoudence on the comparison of th s of 1872 ¢
O5L, e bt Dok parison of the storms of 1872 and
Letters from D, E. Dalrymple,-late Master Attendant, Madras, and Chief of the Marine ’
- Department, Madras Presideficy, dated July 11th and August 24th, 1882
n the course of our enguiry we have been in fr icati (th AL
In : . : 7 equent communication with Mr. Park
(tlhe Dngmeer-m-.(}h:ef of. the Harbour Works, who has from time to time supplied usa:vietsl;
aggumet;ts famd tmfonatm{Jv explanatory of the state of the works and of his views of methods
cost of restoration. e have also had intervi ) OWE i
Bt of o W ork. erviews with Mr. Thorowgood, the Resident
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We thought it desirable to request Mr. Daleymple, to whose letters we have referred, to
attend oue of our mectings und o atford us sueh farther information as he thought proper on
the statements o those letters, and we have had the benetit of bis explanations and opinions,

We have alse taken advantage of Mr. Guildford Melesworth’s visit to Englund to obtain
his views on several matiers.

A question raised in the correspondence is whether the cyelonic storm of 1872 or that of
12th November 18581, was the stronger, and on this puint, the evidence of hoatmen and others
13 adduced, and contradicfory statements are wade.  Mr. Chlishol is of opinion that the waves
of the storme of November 1881 were more formidable than those ot the storm whieh passed over
Mudras in 1872, Lientenant Taylor expresscs an opinion that the attack upon the works
by the storm of November 1851 wav 2 mild one.: Tn the abeence of accurate meaus of mea-
strement, there is nothing on which greater diversity of opinion i= more likely to arise than
on the intensity of storms. It would be useful to know, could auy one tell, whether the storm
ot November 1881 was the most severe the Harbonr Works cun. ever b subjected to, but this
is information that cannot be obtained. The facts we have as regards the siorm of November
1881 arv its effects on the Harbour Works, and though we can have no doubt the stormm was
a very severe one, it will be safer in considering the question refurred to ws to assume that
neither the storm of 1872 vor that of 1851 was necessarily a maximum one, as the period of
nine years within whish both oecurred s too short an interval to justify such a conelusion.

Lo all estimates of the inteusity of storms, it should be cbaerved thai long waves, move
of the natore of hcavy ground swells, may severely try harbour works, and that sueh waves
are compatible with the absence of strong winds at the place itsclf and with comparative
smoothness in the offing, :

The present econdition of the piers, aud the damage they sustained by the eyclore, have
been fully deseribed in the Reports bofore us,  Generally, we may eny that, from the shore ends
to the commencement of the elbows, the walls ure standing, but fram the commeuncement of
the elhows outward, they are so fur destroyed as to render 1t necessary to reconstruct then.

In considering proposals for restoring and strengthening the Harbonr Works, questions
ratarally arose whether any portion of the damage done conld be attributed to the mode of

constrnction, ov whother it arose entirely from the dimensions und muss of the piers being

tosuflicicut. : .

The method adopted of building the piers was to form a rubble mound, on which the
walls were bnilt, and though we do not concur in Mr. Parkes’s view as to tha depths below
which wave action iu engineering works mway be disregarded, for those depths must Lave rela-

tion to the maguitude and character of the waves and the weight and size of the material acted

apot, yet, having megard to the magnitude of the seus theu ocontemplated, the walls were

founded sufliiently deep below low water, and the gencral outline of the design was not

inappropriate, but there appears to have been difficulty in procuring suituble material for the
rubble mound. Mr., Molgsworth states that the size of the stounes of which the rubble bnse is
composcd varies from 5™ to Zewt., which is small for the pnrpose, espacially where latorite
ie used, which varies much in guality and is sometimes eo soft as to be casily still further
reduced i size by the slightest movement,

The superstincture of the piers was not built of one bouded wase, but consisted of two
parallel wails placed vide by side in juxta-position, having a vertieal joint between them; and
from the portion of the walls on the harbeur side of the picrs having in places fullen away

from the portion on the outer ov sea-side, it scems probable (hat the pressure of water in the -

joints led 1 great measure (o this result. The uscillution of the two hulves of ihe wall, also

cansed by the want of bond and the consequent openivg and closing of the vertieal joint -

referred to in Mr."Molesw orth’s report, must be remedied, as it ruay in time prove mischievous,
No doubt the methad of buildiug adopted by Mr. Parkes conduced to rapidity of coustruction,
but: were the work {o be begun again, we could not recommend this method, but should prefer
the work being bouded throughort.

Though of this opimion, we do wot wish it to ba inferred that the walls if bonded would
bave proved strong encugh to bhave withstood the storm to which they weve exposed. To-

make the plers secure sgainst severe gales, it will bo necessary to add materially to their

" strength of resistance, and having regard to the magpitude of the waves which roll imto . -
~ Madras roads and overtop the walls, the plers should be raised to a higher level than that -
hitherto contemplated. They were originally built by Mr. Parkes to aa aversge height of -

about & fewt 4 inches above high water-mark before settlement, but we are of opinion
they should Le raised so that their finished level ghall not be lews than 12 feet above high

water-rtark.  This will add to the secarity of vessels within the harbour in rough weather,
and ‘will grestly strengthen the work, as we propose the piers should be raised to this extra

¥

..along the Jandward portion of the piers,
‘ and,' where requisite, made good by gneiss rablle of large size, or by conerete hlocks.

v blocks buried: or nearly so in débris,
3 ‘ent'lx 1eval~3bed: on the site of the destroyed wall, will involve great labour and expense, and
. posaibly even it may be found impracticable to continue the wall on the original foundations,

.,v“aﬁd as regatds construction is a safe system to follow,
‘ahorvt length of wall at the extremity of each pier upon
" owing to the size of the vacuities, amounting to between one
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beight by adding a monolithic capping of conerete in mass which, aided by iron cramps o he
inserted in the upper courses of block work, will help to secure and hold together the concrets
blocks iuA the wall beneath, and tend to remedy the want of bond we have befoge referred to.
The works we recommend, and bave had under consideration, will be understood from the
accompanying Drawings, Nos. 1 and 2, to which we beg to refer, and which consist of—
A plan of the harbour, Drawing No. I. :
Five cross-sectious of the piers, numbered respectively 1, 2, 8, 4, and 5, Drawing No. 2.
The portions of the Piers to which the cross-sections apply will be seen by reference to the
drawings. S
. Cross-gection No. 1 will be applicable to the shore ends of the piers, from their cothmence-
-ment to the point A in the case of the north pier, and to the point D in the case of the
south pier, being a length of 400 feet and 650 feet respectively. ’ )
Cross-section No. 2 will be applicable to both giers, riz., from A te B on the north pler,
" being a length of 1,800 feet, and from D to E on the south pier, being a length of
1,750 feet. ‘ ' R
Cross-section No. $ will be applicable to both piers, viz.,, from B to C on the north
" pier, being a length of 1,600 feet, and from E to F on the south pier, being a length
of 1,520 feet, B }
Cross-section No. 4 is an alternative to eross-section No. 3, and would be applicable
~ under the conditinns hereafter explained. -
Cross-section No.
blocks. = ; _
For the landward portion of- the piers, the works we recommend to be undertaken
on Cross-section No. I) consist of cramping each pair of blocks in the
the addition of a mass of concrete carvied up to 12 feet above high-water spr
to which we consider it necessary to raise the piers throughout their entire 1
of concgete and the eramping will prevent the oscillation of the two halves
necomsary to remedy the want of bond we have referred to.

b _Phows a method of ‘reconstruction by adopting tandom conerete

{shown
upper course, and
ing tides, the level
ength.  This mass
of the wall, and are
We have not shown wave-breskers
but the rubble mounds should be carefully exawmined

2

For the next length of the piers, extending to the ellows, in addition to the eramping
and the top mass of concrete, a wave-breaker, shown on Cross-section No. 2, of random coua- :
crete blbcks, should be added on the seaward face, which will render it necessary to. widen the
rubble “rounds. "l“heu concrete: blocks for the wave-breakers should nowhere be less in weight

than twenty tons. ' RSERI o

Au respect the ‘piers from the points B on the north pier and E on the south pier to the
seaward ands, it would bedesirable, if it could be done, to coutinue.the walls on the original
foundsfions, bonding the blocks iy the manner shown, strengthening and protecting the walls

 ‘as thay are built by wave-breakers, and depositing bags of conerete at Jhe toe of the wall on the

harbour sidle to form: a continuous apron, (See Cross-section No. 8.) But picking up the
for the purpose of resetting them, or preparing a suffici.

A‘“mo‘r‘e certain plar% of proce’dur‘e» for the reconstruction of these outer lengths of the piers
would be 40 move them into the harbour to the extent of about 60 feet, so that the new walls
may clear the fallen blocks of the old structure, adopting the design shown on Cross-gection

“No. 4, and this would involve a somewhat less expenditure than building on the original

foundatious. But it would shorten the harbour~—already very short—te the extent of about
80 feet: and also it would be undesirable, if it could be avoided, to build®on a new founda.

tion of unconsolidated rubble, instead of taking advantage of the old consoltdated mounds, -

~ The plfm, therefore, we recommend for the reconstruction of the outer lengths from B on
the north pier and E on the south pier, to the seaward ends, ji in the first fnstance to endeae
vour to continue the walls on the old foundations, as shoxﬁn"\ﬁdﬁ.@Cmss-sectioﬁ;N 0. 8. Before

: ‘his plan can be successfully carried

the elbows of the piers are finished it will Le seen whether ¢
out ; if ¢o, the system should, we think, be followad, If-not, the piers should be brought in to -

the extent of about 60 feet, following the design shown on Cross-section No. 4.
Wa have carcfully considered the question of reconstructing these outer lengths fom B on.

- the'north pier #nd E on the south pier to the seaward ends by mounds of yandém concrete

blocks, more especially as the plan has bees recommended by others. It poskesses advantages,

- But it would be nesessary to build a
which to place the entrance lights, and,

ug t : -fowrth and one-third of the mass,-
the seas may pass throug? suffictently to produce some disturbance inside. If the Madras
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Harbour were of harger size, and there were amjue space tor the waves to disperse, the system
would be more applicable; but, the sheltered arca being limited, it is important that the whole
space should be ngade ss quicscent as possible.  We have, however, thought it right to ge
carefully into the cost of reeonstructinn by adupting random mounds for these outer lengths,
and find that there would, comparatively spraking, be but little saving in expenditure in
adopting this mode of procedure, in preference: to butlding walls on the original foundation with
w wave-breaker (shown on Cross-section No. 3), as recommended for adoption,

The order of proceeding with the works should be: first fo seenre by iron cramps the top
courses of the walls which are now standing, that s to say, from the shore to the commence-
meunt ofsthe clbows; to re-instate the walls which have becu disturbed or thrown down, care-
fully cramping €he top courses together as the work proceeds, and simultaneously in hoth cases
to procecd with depositing the blocks for the wave-breakers sa as to afford early protection to
the rubble. monnd and, the walls. Raising thy walle by concrete in mase will he the last
process, ay that portion of the work ean only conveniently be done by beginging it at the outer
egtremities of the walls and working back towards the shore,

For tho purposc of arriving at an estimate of the eost of reconstruetion, we have nsanmed
the definite lemgths previonsly referred to for the diffeent methods of procedure recommended
to be followed and shown on the cross-seetions, The details of the estimates are given in the
Appendix, We estimate the cost of restoration, strengthemng, end raising the piers at
£480,000 (see estimate No. 1), assuming that the-lengths from B on the north pier and B
on the south pier to the srawsrd ends wero reconstructed on the original foundation.  1f, how-
evur, these outer lengths of the walls were brought in 60 feet, the cost, we catimate, would be
reduced to £330,000 (sec Estimate No. 2). Wo have alwo given an estimate of the cost,
assuming that these outer Jengths were reconstructed by random mouands of concrete blocks
(sec estimate No. 3).

These sums are large, but, in our opinion, & smaller expenditure will not render the work
gecure. '

ven with this additional expenditure, the cost of the piers, having tegand to their length
and to the depth of water, will not be excessive.

In comparing our estimate of cost with that prepared by Mr. Parkes, it must be remem-
bered that his did not provide for ruising the piers to the height which we think is cssential.
We have also, in some cases, assumed higher prices thun he has done, ours leing given iu the
annexed estimates. If the work can be well and properly cxoented at lower pricos, 80 much
the better, ' : :

With the additions to the works which we advise, their strength and durability will still
be dependent on the materisls and workinanship being of the best quality ; for such works, if
they are to last, must be thoroughly well done.

Whether from defects in the quality of the concrete or from the blocks heing used too
suon, or from- placing therm upon the rubble base before it wus sufliciontly consolidated, several
of the blocks uppear to have been broken. No concrete block of such large size ought to be -
used until at least three months after it has Leen made, and giving them six mouths to harden
would be still better. The local laterite also does not appear to be of good quolity, and beuce
nothing but gneiss should be used in the additions to the rubble mound.

Suggestions have been mnde to stop up the present or eastern entrance in front of the
harbour, and to make an opening facing southwards in the south pier. This would invelve
very large additional expenditure, and we cannot recommend it, more especiully as we do not
think it would be an improvement. s

We think the harbour, if completed in accerdance with our recommendations, will be
useful for shipping, and that raising the piers so us to prevent their submergence by seas rolling
over them will, with the present width of cntrance, render it quieter thun before. But its
stillnese would be further increased by reducing the width of its entrance from 550 feet to 450
feet, nnd, as we think this ought to be done, we have included the cost of it in the estimates.
The rednetion of width might be carried out hereafter, but in that case the cost would be
increased. ’ : o

Mr. Parkes does not appear bitherto to have made provision for lighting the entrance of
the harbour. This will be necessary, but we have not sufficient information to propase a plan.
for or towstimate the expense of doing it. -

vy T
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Copy of Tord Eufields lettor rofarved to in the sbove Report—dated Tudia Office, 8.W., 8th July 1608,

I am dirocted to inform you that certain proposals have been made for resturing the work
o th,e};‘M'ﬁd"ta.a Harbour, which were serivusly damaged by a severe cyclone last sutumn ; but -
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that before deciding upon the measures which should®be taken for effecting this object, the
~ Secretary of State for India is desirous that the subjeet should be investigated by competent
professional authorities in this eountry, in commmunieation with the Engmeer—m-(‘hlef of the
Works, Mr. Parkes.

Lord Hartington has accordiugly decided to appoint a Committer for the purpose; and
T am instructed to state that His Liordship will be glad if yon will join one espmpesed of your-
self, Sir J. Coode, and Professor Stokes.

The papers particularly referred to you consist of a report made by Mr. Parkes, con-
taining a scheme for the restoration of the works, based on a minute personal examination of
their present state, together with the independent suggestions of Mr. Molesworth, Gonsnlting
Engineer to the Government of India for State Raillwags, and Licutenant Stiffe, Port Officer
of Caleutta.

Lord Hartingten is of opinion ﬂmt it ig desirable to brivg the whole matter nunder ve-
consideration, w1th such furlther light as may be thrown upon it by the independent. gxperience
of other engineers, and the most recent investigations and researches into the action of
waves.

1t will be open to the Committee to take such steps as they may deem fit to enable them
to arrive at a definite and-conclusive opininn on the subject.

Mz, Parkes himself entirely concurs in this course, and you are therefore requested to put,

‘yourself in unreserved communiecation with him, ayd to report to this office, in such form as
shall appear to be most suitable, your opinion whéler the works can be so restored as to give
reasonable expectation of their future sta.bxhty ; and if so, what method of construction
should be adopted to that end. .

» 1 am to add that the precise terms of your professmnul remunemtnon will be settled at the
cloge of the investigation,

Noxz.—The sbove is & copy of the letter ment to Sir John Hawkshaw, but a similar one was sent to Sir John
Coode and to Proféssor Stokoey, with the neccssary eubstitution of namcs,

Estimate No. 1, referred to i the annered report for lhe reconstruction of the paers in
' acoordance with Crosa Sections Nos. 1, 2, and 3.

gk T T e e e D T = -

Cubic yds, ' ' £ .o
266,888 Additional rabblein mounds . . . . . .| §/8 7339 4 0
88,862 Concrete blockwox‘k in walls of piers . . . . .1 28/ 102,191 6 o
161,878 Concrete blocks in wave-breakers T 8 185,920 14 o
5,408 Aprous of conarete in bags . . . . . o 23/ 6219 4 0
w 40,410 | Conoreto in mues on tho top of the piers . . . .| 20/ | 40,410 0 0
53,733 | Removal of old blocks, 8t 10/~ . . . £26866 10 O §
) L
Deduct value ¢f old blacks put into * :
monude ‘instead of rubble, 53,733 )
" cubic yds.,, at 5/6 .- | o 1477611 6
. _ 12,080 18 ¢
Toos.. :
171 . | Wrought-iron cramps . . . T I 7 ) 340 0 o
No.® |Newsetting michioes . . . . . . .| * 12,000 0 o
o 435,664 6 6
Establishent (73} and Contiogencies (24) = 10 per cent. . 43565 8 8
£479219 15 2
Say £430,000.

i
i
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Estimate No. 2, referred to in t/i, annexed report for the reconsiruction of the pzers n

accordance with Cross-Sections Nos. 1 Y, and 4.

*
A

. £ \9.” -

Cubic yde. .
286,177 . | Additional rubble in mounds . . . . . . 5/6 78,698 13
86,862 Concrete blockwork in walls of piers . . . .23 102,19].x 6
128,051 Concrote blocks in wave-breakers . . . . .28/ 147,258"‘13
9
5,408 Aprons of concrete in bags . . . . . .93/ 6,219 i 4
|
40,410 Concrote in mass on the top of the piers - o2 40,410 l 0
Tons, . '
171 Wrought-iron cramps . . . . . . A £20 8,420 ¢
No. 2 New sotting machines . . . . . . . 12,000 6 0

’ 590,197 16 6
Establishment (73) and Contingonoies (2}) == 10 per cent. . $9,019'15 8
LA £429217 12 2

o S e S S

Say £430,000.

Estimate No. 3, referred to in the annaréd report, for the reconstruction of the piers, in
accordance with CrosssSections, Nos. 1 and 2, Landward of the elbows, and for mounds
of random concrete blocks aeaward of the elbowa ‘

Cobic yda : . £ '&. d.
358,270 Addmonal mbb}e thounds . .. . ) R d &6 | 97148 B O
26,062 Conarete in mass on the top of the piers. . .. . .20 26,062 :0 o
. 242,178 | Conorote blocks in rmounds and wave.breakers and blockw k 7
" heads at extrennty of piers . . . . .1oey 28504 14 0
7,087 Conc:ete in bags in iha upper part of ‘moum}s . .1 23/ - 8127 1 0
Tons. ‘ e : ‘ ‘ )
713 Wroaght-iron cramps . ., . P Y . 1,430 GH
‘No. 2 | New setting machinds . . . " . . W 12000 0 0
hd : f
‘ | | | ‘ , 423273 0 0
Establishment (73) and Contingencies (2}) = 10 pervent, .| | 42327 6 ©
* ‘ . ‘ o £465600 6 0
* ’ ]
4 o . ‘fay £466,000. . R R
j——— - ; ’ . ; it : . i ) ) . : . i
T Y eI R

axy {State for Indaa, commnmmng rema.rksonthe foregqmvg
mpv:t,—-.dmd the 10th, February 1888.

T have t.he honpu w submit the fonomng' remsrks . on the Reporl: of | the Commxtﬁee
aonaastmg of Sir Jolin .HﬁWklhﬁWa BirJohn o , and: Professor Stokes; in| ‘accordance with.

tite. recques nveyed'bome ina refmnw from Mr _Danvm, ﬂated Sbh mstan’a. ‘The Report
s retoraed Herewith, - due 0 i

l'tmuW an.-an, v

A boio L

‘2 o e o @ &
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hould ‘he understood that, although I was fn frequent communication with th\,
Committee during the progressof their investigations, and furnished them with all informa-
tion in my power as o matters of fact, and ds to my owa views, both orally and in writing,
and also wnveyed to them several documents forwarded to me for that purpose by the India
Office, the conclusions given in their Report were arrived at quite indepetidently of me. 1
.was informed of their general character in December, and the plans sttached to the report
were shown to me on the 19th Jauuary, but I did not see the xeport itself till it was forwarded
to me on the Hih instant, as above.
8. I bave thought it desirable to mention these facts in order that my own share in the
investigation may.not be misunderstood. While admitting that the course adopted by the
Committee has its advantages, and at the same time trusting that the Report may serve the

. purpose intended by the Government, I would submit that, in considering their conclusions,

and taking action dpon them, a large allowance must be made for the fact that the gentlemen
composing the Colnmittee are not personally acquainted with the locality, and that their local
information was obtained at second-hand. N
4. This consideration will not alféct the main faatures of their recommendation, but it does
materially affect: the position of the line of demarcation hetween fixed principles and details
‘which may be subject to modifieation in respect of their relation to local circumstunces.. The

 details of their plan should be viewed, T would submit, rather as illustrations of the g\,ncral

meaning of the authors,or at most as a basis for approximate estimate, than as a basis for
instruciions to the engineer who will be charged with the execution #f the works.

5. Subjeet, then, to the limitations implied in the above remarks, I may state that I have,
after full consideration, come to the conclusion to acquicsce iu the general recommendation of
the Committee that the additional strength required should be given by a large wave.breaker,
consisting of concrete blocks laid at random on the sea-face. I necd not say that 1 have come
to this conclusion with great reluctance, because it involves a very large additional outlay,
which would have been saved if the more inexpensive plan- which I proposed in March last had
met with independent professional support, I donot think, however, that I shoald be justified

" in urging the latter further, even if my prescos opinion, that it would have possessed the

necessary elements of stability, should remain unchanged, for I think this to be essentially
one of those cases in which action should be taken only with a strong concurrence of pro
fessional opinion. It is a matter upon which there is no very direct expericnce to guide us,
and the theoretical considerations applicable to the case arc involved in some doubt, Moreover,
it might be many years hefore the stability of the work would be brought to a satisfactory
test, so that whatever there mlght be doabtful in the question would" remain unsolved for an

 indefinite time,

6. 1 have heen of opinion from the first that the system of random blocks is the only
alternative to my original proposal and 1 think that the dimensions of the mound suggested
b; tho Committee are the least that ought to be adopted for the most exposed parts of the
“piers. These dimensions are considerably greater than those which were offered as an alter-
‘pafive to my pmmosals from two or three guarters a year ago, and which I always felt-to be:

_insufficient, though I was unwilling, without more data than were accessible to me while in.

Tudia, to attempt to form any definite conclusions s’ to what was really ndequute Since my
return to England in May last I hmfo given much attention to the subject, and my conclusions,
based on information derived from many quarburs, are very mmllar tO those at which the
Committee bave independently arrived. ;
7. 8o far, therefore, I am entirely in accord w:th the (..omlm tee, and as far asit is posmbl&
to dissociate Peneral pnmclp}es from their npplu,atlon to a particular case, our aceord, 1 believe,
goes much farther, = But for ‘the present this is as far as I feel justified in- Yollowing the actual

 lines laid down by the Committee, though with s¢ much common ground for our departure, it

s hmdly likely that. there would be any very g'rent divergence in the further development of:

. Pour VleWSi

8. TFhe aAot»tmn of the random mound aystem instead of the built addntlons I proposed .

o ffor the 1,000 yards most seriously damaged involves, in round numbers, an additional expendi-
' 'ture of 16 lakhs of rupees to the 18 lakhs of my original estimate. The continuation of the

same system thdremrds, with ' gradually decrea.smg dimensions, would involve a still further

“#xcess of outlay, so that the large estimates given by: the Committee would probably he
‘ dppmuched by -apy that I eonld anstt frame upon B desxgn based on the ground common to

the (‘kmtmttee nofl myself. -
9.1 may: therefore suge est, a8 8 safu asa\lmptmn, tlmt the amounts estlmated by the

:,f“ﬂmnmttﬁee shopl@’ bﬂ-’”:’mkeu a8 hhe datn*tor the oonsxderauou of the financial view of the
- guesmm AT :
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10. Tt may be assumed, bowever, that the sum of 480,0007., the estimate for the scheme
specially recommended, is equivalent to 48 Inkhs of rupees, and that it may also be taken as
a mazimsm, subject to probable diminution. I find that the rates upon which this estimate is
based are slightly in excess of those upon which the work has been hitherto carried out. I
furnished theso latter to the Cowmittee, and they appear to have converted them into stetling
money at the mate of 2. to a rupee, aud then made the slight additions, This excess is, I
belicve, an allowanee to cover the cost of additional plant—an allowauce which Tam in the bubit
of making 8s a separate item. Assuming thercfore the quantities given in the cstimate, I can
conficm the total amouut. Credit, however, should be taken for the valueof materials now
on the greund, und uvailable for future nse (including concrete blocks prepared for the ends of -
the piers which were unfinished at the time of the storm). This amounts to about one lakh.
It should also be borne in mind that the estimate is swelled by the cost-of the udditional 100
fect, of pier rocommended to narrow the entrunce from 550 to 450 feet. This would be in round
numbers 14 lakh, . )

. 11. It s also clear that the committee have adopted the most unfavourable assumption
possible of the extent to which the blocks ip the damaged parts of the work will Le available
for further use, This is perhaps the safest course for the present; but it shonld be understood
that there is a certaiuty of some saving in this respect, thongh ite amount is indeterminable
till the blocks are actually recovered. I think if the least instead of the most uufavoursble
view were taken on this point, there would be a saving of seven or eight lakhs of rupeve.
A recent examination, made under exceptionally fuvourable circumstances, confirms the best
expeotations previously entertained upon this point.  On all these gronnds, thevefore, 1 think
I am juetified in asking that the 48 lakhs shonld be takeu as a mazimum. .

12, The Committec put forward two elternative schemos, which are both estimated as
sornewhat less costly than the ope they rocommend, It is perhups desirable to show what
there is to fall back upon in the event of any very onforeseen diticultiesi u carrying out the
more favoured plan, but I think the arguments adduced by the Committee aguinst these alter- .
natives may be streugthened by other considerations. Both were fully considered on the spot
during my investigations last year, and both rejected, not as abuolutely impracticable, but as
unsuitable in many respects. 1 believe also the apparent ecouomy in comparison with the
recommended plan would vanish on further investigation.

18. 1 would beg to offer some remarks on two points raised by the Committee at the

end of their report, vis., narrowing the entrance, and lighting it. They esttmatc for the -

former, but not for the latter, stating, however, with regard to the lubter, timt provision will
have to be made for it. ‘ _

14. With regued to the entranca, it i3 eatisfuctory to find that tho Coramittee confirm
the propriety of iis present position as a yuestion of general desigu,  Asto the special nautival
considerations on which a chauge Las been ndvoested, no evidence, except that eomtained in

the papers, was brought bufore them, and as that is all on one side, their conclusions ndve;ﬁe,
to & change is based entirely ou general grounds. 1 am bound to say that, if onimmediste®.

decision were necessary, 1 should agree with the Committue ; but considering that no nicasures
can be taken to carry out either the narrowing or the entire change of position till all the
other works are completed, I would submit that it is undesirable, in view of the strong opinione
expressed by the Marine authoritics, to come to any decision at present. The eastern entrance,
550 feet wide, exists, bad or good, and must be used for the next four or five years. During
that time it will have a more extended trial than it has yet had, and there will be more material
for a final judgment. I would express a hope therefore that no definite order be given, either
for veducing the width, or for altering or retaining its position, until pearer the time for
carrying out the adtual work. Tt veed uot ho coucluded, however, that tho efficiency of the
harbour is dependentr upon the width or position of the entrance. Even admitting that a
change in either respect would be un improvement, it will not make the difference between a
harbour and no harbour ; it would only give more accommodation, which, of course, if required,
would bring more revenue. . ' . i

16. With regard to lighting the entrance,the matter has had much consideration, and

tixbugh I cannot say that a definite plun has been decided upon between the Marine officers aud -

myself for submission to Government, 1 am satisfied that no very costly works will be required.

. The sum of B 20,000 stands in the amended estimate last sanctioned for this purpose, and ...

‘this amount will be ample for anything I can contemplate. I do not think it would be degir. -
able bo facilitate the entrance of shipe in very bad. weather at might. They should stand out
to sea, or auchor in the rosds till daylight. The position of the inner limits of the anchorage -
might be markéd by intersecting shore lights, though the soundings give an excellent indica~ -

~ tion of a'ship’s position. In fine weather, however, the entrance should be marked either by -

"

 The lattec sum compares diroctly with the Home Committer’s Estimata No,
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leading lights on shorg, or by small lights on the pier heads, which latter should not be exhi-
bited at all in bad weather. ‘1 think these arrangements would meet all the requirementscf
the trade as at present conducted, and it is therefore unnecessary to contemplate any provision:
for lighting beyound the already sanctioned amoupt. : ' .

16. 1 think, considering the great addition to the quantity of work involved in the adop-
tion of the wave-breaker system, at least four yeérs, would be required for the completion of
the works, reckoned from the time of recommenciug block setting. This could not be done in
less than nine or ten montha from the issue of the Government sanction, as the titan cranes -
will have to be manufactured in this country, sent out, and re-erected on the spot. L

Extract paras. 1 to 3 of 'a lotter from Corowsr R. H. Siskgy, CB., RE, Secretary to the Government >n'f
Madras, P. W, Dept., o the Sucretary to the Government of India, P. W. Dept,, forwarding repart of the
Comuittee appointed to cousider the bost means for restoring the works of the Madras Harbour,— .
No. 1856 W., dated 4th July 1383, ’ -

With reference to Despatch No. 10, Public Works, dated Sth March 1853, from*the

Right anora;ble the S‘éﬁretaryt‘.i)f State, ou whick this Government was desired to consided the * v -
recommendations of Sir John Hawkshaw’s Committee ot the Madras Harbour, dated 28rd Japi- -

ary 1883, “ in view to assisting the Government of India to arrive st a.decision upon the
course whic}; it will be most desirable to follow in reference to the work of restoration,” 1 am -
now directed by His Excellency the Governor in Council to submit the sunuexed report of o
Committee which was lately assembled at Mad‘ms,. to frame the needful estimates, and to con-
sider the question of restoration in all its bearings. o ' ,

2. lu the first place, gs regards the estimated cost of the works, this C5mmitter, on a
close review of the rates of'work, time required for execation, &e., fisd that to' restore the
break-waters on the plap’ moat favoured by Sir John Hawkshaw’s Committee (t.e., as per

Sections Nos, 1, 2', and § of th?ir ;‘epo_rt) would be as followsp gz -

(3) While retaining-the prasent Larboar eutvance . . . - .. 50,938,080
{2) Whilo reducing the entranca to 450 feet e 61,856,580

‘1 izmo ting &
£479,210-15-2, ' » o yoting to

8. As will be observed, the Madras Committee have shown by the highest natiea) opinion
that it would be dangerous to decrease in-any way the wid(h of the preseut eastern entﬁincel
and that so long as this latter is left open, the harbour wust remain eﬁ:posed, as at present t,<:
continucd disturbance, as well as being 2 perpetual source of the gravest anxiety to all conc;rh.
ed during cyclone periods, - , o L

4, They further show that, while carrying out for the scawabd armns "the random bloek
method of reconstruction, which is stated to be ¥ seeafe system toofollow * by 8ir John Hawk-
shaw’s Committes, the objectionable enstern catrance may be closed, and a perfectly still-water
harbour created, at a total outlay of B 61,42,626, cr for & 42,954 less than that weeded for re. "
constructing the works in the manner most upproved by the Homo Committee. - -~ -

5. The incidental advantages of the plan suggested (seo paragraphs 46 to 54 of the present -
Committee’s Report) are ¢o marked that His Excelleacy in Council trusts tHht theyinay be fully
weighed in arriving at a conclusion inregard to the completion ‘of this great worl;'. e

6. Nat only would the ,Harbour enjoy complete immunity from disturbance during ordin.

ary weather, thus facilitating in' every way sll the trade operations of the port, but, what is of . N
_ the highest moment, no ships' need be dent to sew on the commencement of u storm. It is

impossible, in the cpiviou of this Governmeut, to lay too-great a stress onthis single fact, or to-
doubt the soundnesa of the reasoning on which it has been eatablished. * ~- R CoL
7. Not only, moreover, could the harbour, under’ the altered counditions, be dredged out
and its area increased to any required extent, bus, as observed by the Committes, it might; by .
"a guitable system of defences, form a complete barbour of refuge in times of war, - T
8. As regards the resumption of the works, I am now to submit that every day’s delay is
‘adding to the cost of estahlishment, and continucs the disadvantages under which the ‘trad
of the port has been suffering since the cyclone of the 12th November 1881, - '

Orders of the Govt. of Madras, P. W. Dept,, concerning the committes referred to above,—No. 1859 W; dated
o ' 80th April 1888. - :

In or;]dl' to give effect to the instructions conveyed by Her Majesty’s:Becretary of State

 +in paragragh 2 of Public Works Despatch No. 10, dated 6th March 1883, that this Government’
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should take itnto consideration the best means for restoring the werks of the Madras Harbour,
n view to assisting the Goverament of India to arrive ot o decision upen the eourse which it
will he most advisable to follow, His Excelloney the Governor in Conneil resolves to assemble
the following Comuittee to report on the matlee wt au early date, 0/ i~

Colonel R. H. Saukey, C.B,R.E,, Fresident,
Colonel 3. O. Hasted, R.E,, 3
Licutenant J H. Taylor, R.N.R.,
T. E. Marshall, Fuq., Members,
F. N. Thorowgoo], Beg., M.Inst.C.E., 5

©  N. St B. Beardmore, Esq.,

. Major €. Bowen, R.E. .o Soretary.

2. Aslaid down ir paragraph ¢ of the Secretary of State’s Despatch No, 10, doted Bth March
1888, g0 Far as tho cugineering questions involved are cotcerned, the views of the Commit(ee
cm:s\xlted under Lord Martingtou’s instructious are to he uecepted as closing the Jdiscussion on
the principle of restoration to be followed ; but as there are two distinet methods of applying
the general prineiples t) the seawnrd arme of the work— ‘

(1) as per Section No, 3 of the Home Committee’s Report, aad

(2) as per Seution No, 4,
and, fartbor, as the estimatoa given aro professedly only approximate, the Committee above
appointed shonld subm't distinet recommendations, aud, us far as posible, a detailed estimate
for the sanctiou of the Jovernment of Tudia.

3, The Home Committee, ab the close of their report, observo that the stillngss of the
harbour would be inceased by reducing the width of its entrance from 550 to 460 feet, the
cost of which they bate incladed in the estimate ; bat as, jndging from the opinions of masters

- of veasels and 'others consulted oa & previons nension, it appenrs donbtful whether, under the
poculiar circumstancet of the barbour, the present width of the entrance can bo redueed with
complete satoty, the Committeo should enquire particularly into the matter, and, in case their
inquiries tend to conlirt1 the evidence already ob revord, they may oonsider thomuslves authos-
ised to submit such alternative schemo 29 may appear to them feasible, while strictly adhesing-

' tothe gencral engiueering principlos recommended by the Home Committee, and us far as
postible limiting themselves to the cost of reatoration as now estimated, viz., £480,000,

- 4. Definite propossls should alsc be, submitted regarding the plant, if any, now to be

_ procured from England, s also the funds which should be provided for in the current and
following years 80 a5 to iniure the early snd economical eompletion of the work. ‘

- 8. Attention shonld likewise Le given to the provisions necessary for lighting the entrance -
of the harbour adverted to in the closiug paragraph of the Home Commistes’s report.

. [}

RBaport of the Comnidttes npﬁ»inmd §n accordance with above Goserpment Qrder,—dated 30th April 1883,

/ The Committee assembled nnder G.0., 30th April 1888, No. 1259 W., to consider the

best means for giwing effect to the proposals made for the completion of the Madras Harbour,

have the honour to subwit their report for the corsideration and orders of Government.
;" 2. The first point claiming attention is the probable eost of completing the works on the
- several gystems suggested by the Home Committee in their repurt, dated London, 23rd Juntary -

1883, ‘ : "

- 8. As stated ineparagraph 25 of that report, the estimates were based generally on the
rates of work given by Mr. Parkes, but in some cuses the Home Committes assumed higher
ones with the results shown in the sevoral appendices, which, thongh given iv sterling, are
spparently intended to be conyerted at two shillings to the rupee. :

v These éstimstes are profeseedly only approximate, or, as expressed by Mr, Parkvs ip
parsgmph & :of his letter of the 10th February 1888, must be viewed * rather as illugtre.

“tions of the gerleral weanitg of #he aythors, or at moat se a basis for approximate estimate
:@bkx; 85 8 bawie for instructions to the engivser who will be oharged with the execution of the
warks.. ‘ . ," ; ; ‘ N

. i, "4 In'tbe appendines fo the present veport will be found estimates prepaced by Mr. Thorow.
- 80‘3‘3;‘”’!’”}‘« though still in' some dogree upproximate, will, it is hoped, from the intimate
{ . scqusiitancs of the framer with every detail of the wark, prove to be very fairly acourate, Ip
. is oy 0. o the.sost of epecial plank {for whioh information is icomplete) that the
Comunifies, 9%y bRt this is not & vory material jtem, o
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'

G, The results as shown may be compared as follows, £1 sterling bexnv taken = RIO
m the Home Committee’s estimates i :

Tasre No. 1. A
Home Co:mnut-' PrEssNe JoMMITIER'S EsTIMATE~| |
' teii’sdﬁsmgdmc. . 8% APFENDICES. Presont C ommit-\ ®
Symms tor complettng the works s given in the Hotus includy S okent teo’s Eetimatos
Gommitiee's Roport, Harbour edtrancely poraining the | 3. Redueing the mor&?{_%gf’]lm“
| om0 e ot ven, | e @
i i .
\, , - a S m LB
(A) As pet Sections Noe. 1, 2, and 8 (i.e, core of ) O : .
seaward arms ooustrwoted on lmmedmte site of : . < I ‘
present work) . e .0 . . . 4 47,92,190 50,03,980 |. 51,85,580 | - -3,08,300
(B.) As per Sections Nos. 1,3 nnd 4 (u core of. ‘ ‘ S B o
seaward arms constructed on a bue f#ome 60 ) e S
feet on the harbour side of the wor . 42,92,170 45,368,779 46,13,179 8,21,009
(C) As per Sections Nos, 1, 2, and 5 (i.e., the seaward . )
arms constructed antu-ely on the random block
S system) . . S . . 46,566,000 48,70,472 49,55,672 l 2,00.672

6. 'I‘he chief reason for the excess of the present estimates is due to the jtem for superin-
' tendence and contingencies being taken at 15 instead of 10 per cent.in those of tho Home
Coxmmtﬁee, and the rest to.a more accurate appraisement of the rates of the work as based on
“an analysis of the previous accounts, attd to the fact that the Home Lommnttee 6 lengths c-f pier
to be built are 216 fest short of actual requirements. .+ - S

7. 80 snom as the system of construction to be adcpted has been hually declded on by the .
.. Government, it will be desirable to ascertain through the smret.m-y of State the probable cost -
: ;Tu " 'of the special plant, which, of course, will vary somewhat with the system, and th.en recast’
that portion of the estimate prior to final sanction.
" 8. The Home Commxi:tee, while g'mng their opinion (pa.ragraph 17) that, as regards bhe
geaward arms from point B on the north pier and E on the south pier, it would be desirable,
if it could be done, to continue the walls on the original foundations,” admit.that the picking
‘up of the blocks buried or nearly so in débris, for the purpose of resetting them, or preparing
a sufficiently level bed on the site of the destroyed wall, will involve great labour and expense,
and possﬂ)ly even it may be foand mpractxcablb to continue the wall on the on;,mal founda-
tions.”

9. In their present estimate (System A, see table) the Commitiée have assumed that the
plan of picking up and relaying the blocks is practicable, but theyxan only do sv in the ense
that while being posslble it must of necessity be attended with very great delay and expense. ,

10. 'The Home ‘Committee have, as will be observed, strong doubts as to the applicability
of the plan, and would apparently unhesltatmgly prefer the system B were it not for the
curtailment of the are of the harbour whn,h is involved in taking p a space 60 feet. m vndth
along the seaward arms.

11. On a fulf consideration of the state of the present work, the Cominittee are of opvmon .
that it Wcmld be most nndesirable to attempt £6 erect the new snp@rttructure on the present »
work, as even wherd the lower blocks have got displaced or "suhsidad only to & very trifling
extent (and it must be feared that consndemble digplacément exists), ull tlhig labour of removing
them will of necessity have to be gone through if; as specified, thp fvall has to be so relaid as

' to admit of bonding and clamping with iron throughout.
12. All such work, it must be remembered, has to be carried out by the tedious, expenswe,

" and .in many respects unsatisfactory agency of divers, to say nothnm‘ of the time oeéupled in

[
e

"¢+ glinging and removing each individual block and subsequent resetting.
¢ 18. If, therefore, the choice of systems is to be confined to (A) ad (B), the Committes

" have no hesitation in- reoommendmg the latter, as the saving in -outlay would be R 5,72,401
(see Table No, 1), and in time not much less than a year. The sthall curtailment of the area
of the harbour would practically be mapprecmble and should not, they consxder, militate .xgamst
such undoubted advantages.

"14i But before arriving at & fnal decision regarding the most approved method of con-
structwn, it is necessary to consider the objections which have Leen wrged against System (C),
which the Home Committee, paragraph 20 of their rppOrt admit to * possess advantages,” and
to be, as regards construction, “ a safe system to follow.”

i
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3+4. When it is remembered that using Systems (A) or {(B) four yenrs must certainly
{and possibly five or even sis years mayj clapse before the remodelled piers are auficiently
advanced to receive s the finishing work this cap of conerote, it is claar that the Home
Committee, thourh considering it desirable in many respects, and chiely asa means for
keeping seas from breaking too freely over the piers, did not attach any very indispensably
eonstructive value to this portion of their design. A

35, It is fair, in fact, to conclude that if construetively esscatin] 1o the stability of the
work, this concrete cap should advance pari pavse with the rest of the work.

" 36, The Committee, in offeriag this vemark, have no dusire to interfere in any way with
this portitn of the design so far a8 concerns the scawand arms, where they believe that raising
the walls in the manner proposed to 12 fret above high water will prove of very sengible value.

©37. As regards, however, the piers from the shore Lo poiuts B and E, they are satisfied,
from the effects of the waves on these poriions, ax hitherte obwerved, that the proposed cap
would be of no material advantage., From the way in which the waves Wpproach the comst
the piers are, as a rule, normal to their' direction, with the result that only & comparatively
small amount of water comes over them into the harbour, the great mass being invariably, it
may be said, poured over the senward arms. Such being the case, the Committee consider
that this block of conorete may with complete sufety be omitted from the portions indicated.

88. Towards meeting the expense of opening and protecting the proposed new entrance
to the north-east and closing the existing entrance there would be eavings on the two itoms
mentioned, vz~

(1) By the omission of the random block wave-breaker along the south pier 40 B,

(2) By the omission of the concrete cap from the shore to B on the north and to E
on the south pier. Tha actual savings in vash outlay due to these modifica-
tions will be found further down, where is shown the probable cost of the
harbour as thas completed, and hore it will be desirable to advert to the forma-
tion of the propueed new engronce at the north-osat angle of the harbour.

39. Tho position iy shown on the trucing to lie between the 7 and 7§-fathom lines, and
the width to be 500 feet.

467 On this point the Master and Deputy Master Attendants have supplied the following
observations jm= .

(1) The proposed entrance to the north may safely be narrowed to 500 feet, because the cross-currents and
winds that affect tho cust entrance will no loager exerviso » truubling effect.

“(3) Tho proposcd enteance to the north in 7 fathoms will allow of the whole deep water space being
utilized, which is jmpossible ander the ocouditions of the sustern entranse, and desp water apace ia aapacially
vajuable in a basin like the Madras IHarbour.” :

41. The Committee have adopted the conclusions as above statod, snd also ome to the
cffect that the protecting horn should be not less thun 800 feet in length, carried out tangen-
tially to the eurve at the north elbow, and curved sightly to the e.ast, in order the better to
detlect the seas from the entrance and from the north arm, and to givea wena contracis form
of éntrance for the more sasy passage of vessels, Luooking to the general paraliolism of the
crests of the waves to the shore, it is doubtinl whether iu practice su long & protective harn will
be found to be indispensalle, but as it is better to err onsthe eafo side, the Committee have
provided for ones800 feet long in the cstimato. '

42, As a matter of detail it may here he mentioned that the cencrete blocks which now
encumber the work at this point will in all probability be broken up by dynsmite, agd the

débris with the rubble base, down to u depth of 8 fathoms, removed by dredging. S

£3, The closing of the existing entrance will procoed so s0on as the new north-emet one
has been worked out, and the final operation will be the construction of the horrt. As the
whole of the seaward armscan by this munner be dealt with continuously, only one titan
crane Wonld be needed, in case either of the Systems (A) or (B) is adopted, or one set of
travellers if Systemn (C) be decided on.

44. The following are the financial results of the above method of dealing with the
barbour according to the system which may be approved :—

(1.} If completed on Sections 1, 2, and 8, the present antrance closed also by Seco.
tion No.3 and eobrance on north opened . . . . . . 8418,717
(2.) If completed on Bections 1, 2, and 4, the present entranos being closed on Seo. :
tion No. 8 . .. .. ... <. . 5086348 '
{3.) X completed on Sections 1, 2, and 5, the present entrance being cloned oo Sece ‘
tion No. 5 (random block-work) . . . . . . BL42038
{Tho oust of wave-breaker on south 2rmn and soperebe cap to both arms is omitted iu theve .
astimates.)

For detailed estimates see the appendices.
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45. For the reasons before assigned, the Committee would strongly recommend the com-
pletion of the work on the random block system. _

46. The Committee would here solicit attention to the following recorded observations by
the Master and Deputy Master Aitendants in reference to the above proposals :—¢ We,”” they
observe, © consider that if the sea-face is closed, and a height of 12 feet given to the sea-wall,
that much of the character of a protective work to shipping, under which sanetion to it was
first obtained, will be restored, and the question of sending ships to sea on approach. of bad
weather need no longer be considered.” '

47. To those who are acquainted with the fact that.the main object of the late Lord
Hobart in pressing the necessity of a harbour on the attention of the Secretary of State was
the beneficent and humane idea of sheltering vessels in port from the dire effects of the
cyclones, which unhappily but too often visit the Coromandel Coast,and which since the advent
of European shifping have occasioned such fearful losses in life and property, the true import
of the proposals néw submitted will, it is hoped, be sufficiently obvious.

48. It is believed that Mr. Parkes never claimed for his work the character of a harboyr
of protection, and certainly the cyclone of the 12th November 1881 tended to show that, far
from being an efficient protection to the shipping inside, it might on such occasions prove to be,
‘as it were, o trap from which escape might, he diffienlt and at times perhaps impossible.

49, The fear, indecd the certainty, that such would prove to he the result bas, it may be
said, imposed a much more scvere responsibility on the Marine authorities than was the cuse
when no harbour existed.

50. With the present eastern entrance wnchanged, thig extreme danger to shipping, and
this terrible responsibility for life and property, must remain, o matter what the svstem
adopted for the completion of the rest of the work; and to allow matters to remain as the::y are
will add the evil of a perpetual and dangerons recf in front of Msdras in the form of the present,
vuined piers.. :

51. Uuder the proposals now submitted, not only will, it is believed, the uneypected boon
of a harbour of protection be conferred on Madras, but Imperial significance will Lo given 1o
this great work, whieh, if finished in the manner suggested, could in time of war affard sheltey
and protection to the vessels of Her Majesty’s navy, as also to all merchavtmen who could «
mauke the port, '

52, The Home Committee, in many parts of their repart, correetly draw attention to the
unduly small area of the present harbour, not much more than the outward half of which is
suited for mooring vessels of any draft; but, as will no doubt ai once be recognized, the pro-
posals above made must, by affording the means whencver desired, of dredging out the shallow
portiops to any required depth, adwit of doubling the useful arca.

53. An operation of this character, it is almost needless to say, could never Le carried out
50 Jong as the present entrance remaius open, the disturbance inside the harbonr being such
that, with the exception of a very few duys each year, would render dredging operations imn-
possible, excepting at an altogether prohibisive outlay.

54. Not only would the advantages here enumerated be secured, but in many other re-
spects, such as the possibility of mooring ships much closer together than is at present feasible,
bringing ships much closer to the shore, estublishing wharves, jetties, &c., facilities to the trade
of the port may be increased indefinitely. o ©

55, The total cost of the work remodelled as recommended will, as shown, he B51 42,686
as compared with that of the Home Committee System A, ®50,93,930. Practically, thercefore,
the two methods of dealing with the harbour may be considered as costing much the same,

Signed) R. H. SANKEY, Colonel, B.E.

J. O. HASTED, Culvrel, R.E.

J. H. TAYLOR, ZLieulerant, R.N.R.
T. E. MARSHALL.

¥. N. THOROWGOOD.

N. St. B. BEARDMORE,
- C. BOWEN, Major, .R.E., Secretary.

(
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( »
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(

(

»

N e N St e Nonat

»

20tk June 1683.

Note by Mr. Beardmore on garagraph 21,

I consider it important that, in order to adequately protect the proposed north-east entranc
the protecting break-water should be at least 650 feet in length measured from the castern tan-
gent point of the north pier, and that if it is thus constructed, an excavation through the old
rubble base of 400 feet in botfom width will prove to be sufficient, and indeed better in check-
g north-eastern seas from entering the harbour.

(Signed) N. Sr. B. BEARDMORE.

w1
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Apperdix o report of abov Commitiee - —Estimate of cost of restoration ne propumsed Ly the Horme Committee,
and s~ maditied by the Special Local Comuwittee.

(Quantities an s hy the Superintendent of the Madrse Harioxn Boarks)

Note.~The total lengths of the two piors, as khown by the figured dimensions in the plan accompanying
the Homeo Commiittee’'s Report, do not agres with the actual lengths of work to be executed, but are 218 feel
short of such lengths,

The following estimates are made with the corrected lengths for ubtaining an ontrance of 450 feet, viz.
3,916 feet for the north pier and 4,020 for south pior.

The lengths for each seetion of the Comrmittes’s proposal therefore are altered thus:—

v North Pier {On plan),  South Pier (Ou plan).
BectionNo, T ., L. 426 (W0) 880 (650)
Rection No. 11+ . , . . . . 1,800 (1.8Q00) 1,760 (1,750)
Soctwrns Nes, 117, 1V, \’ . . . . . LEOO (1,800) 1,690 (1,520)
Toral . 3916 (a800 4,020 (8.920)

Difference . 116 feet. 100 feet.

Total Difference . 216 feet,
Both dimensions are shown in the plun accorupanyiag these papers.

EstiMaTE Fok Stctiof No. 1.

Feet.
Length—North Pier . . . . . . . . . . . 4260
Soath ,, . . . . . . . . . . . 6RO

Torar . 1,106:0

Per lineul foot of pier.

R a p.
Additional rubble—18:0x 6} X §=58}% c. ft.=1 tons at R1.8.0 . . . . 4 80
Concrcete topping—240 X 4 X 10 =108 = 4 ¢ )ds at R12.0.0 . . . 4 00
Eeou cramps—44 b per linval foot at § anva . . 1 60

Total per linenl foot . 88 14 O

For buth Piers.

1,106 lin, t. at B33-14-0 . . . . . 69,58 0 O
Deduct for 480 Jineal feot at nonth pier, thoroughlv protactad hy sand and

not needing rubble, Rukble 430 ft. with 8 tous to 1 fi. e 1,440 tous at

Ri-8-0 . . a . . . . , 2160 0 O

et

67,42 0 O

Total for 8oction No. 1, Rs. 67,426,

Ssotion No, 1L

Feei
Length—North pier . . . . . . . . . . R A
South do, . . . . . . . . . . . L7160
. 3,650
* Per lineal foot of pice,
Additional rubble—
e ft.
1100 x 8} X } = 467}
650 x 5% < § == 1514 .
—_— R a. p.
6183 = Bltons,at R 2 . . . . . 63 0 O
Cor.crete blocks in wave-broaker—
60/‘,’-‘x10-500«:.&.:18'5c._vds.,atﬂ11 . . . €03 8 0.
Concrete topping —
210x60x10‘—144—-5§c,yds atR12 . . . . 64 0 0
\

Por Lineal foot . . 329 8 0

CONSTRUCTION OF MADRAS HARBOUR,
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Far both piers 8,650, at R 329-8.0 .
Add for 415 feet of piers to be cramped ut £ 1-6-0 per foot

Total value of work, Section I

Snsanmmnpes.

Sserion No. ITL

3,280 feet of piers at R764-4.0 = R. 25,06,740.
Total per Section No. IV, £25,08,740.

& a. p.
11,69725 0 0
§7010 0
11,70,995 10 0

Feet.
Lengtu~North pier . . . . . 1,690
South do. .~ _ . . . . 1,5%0
ToTAL . 3,280
Per linoal fool of pier,
" Additional rdbble— ool of pier
79 x18 x3} =711
65 X 173 x 1 =568}
80 x 20= 18
630 x 20 X 10 = 128
R a p.
1,421% cubic feot = 71 toms, at . . R 2=142 0 O
Concrete blooks in wave-breaker—

650 X +—— 28 cubic yards, at " . . . . » 11 =308 0 0
Concrete blocks in regular work—

280 X 60 X 10

240 X 240 X 1'0 = 744 cubic feet 274 cubic yards, at . s 11=2303 0 ¢
Preparing base by removing old blocks, &c., per lineal foot-at . » 134 =134 0 O
Conorete topping—

240 x 50 X 1’0 ==4} yardsat . . . » 12= 64 0 O
Concrete baga—

200 X 20 X 10 = 40 cubic feet == = 1} cubic yards, at . w 11= 16 8 0
Two cramps,or 88 1b. per foot, at § auna per lb. . .. . 212 0

90 4 0
Deduct for old blocks recovered in foundation one-seventh of the
wave-breaker at 4 yards per foot, at . .. . . w 1 4 0 0
Total per lineal foot 916 4 0O
Sootion! No. 111, 8,280 lineal feet, at R918-4-0 per foot, £30,04,480.
Smerroxn No. IV. °
Alternative Bection per No. IIL. Total length, 3,280 feet. Por lineal foot of pier.
Addltlonnl rubble— ° :
e ft.

620 X % X 10="744

0 X % xX10=600 * .

R. a p

‘ 1,344 = 67 tons at . e T . . B2 =134 0 0
Conerete blocks in wave-breaker—
. ¢ fl.

Wox % x 10= 52 . .
Concrete blocks in regular work — .

280 x 60X 10= 168 °

240 X 240 X 10=" 676 " : .

, 1,264 =< 47 oubic yards, st . . R1I1=517 00
Conorete topping—

240 X 50 x 10= 4} cubic yards,at . . . ,12= 64 0 O
Preparing base at per lineal foot . . . . . . L= 4 ¢ 0
Apron bags 200 x 20 X 1'0 = 1} cubic yards,at . . . g1 = 16 8 0
Two cramps to each course, per foot . . . . = 212 0

Per lineal foot . « 764 40



166 CONSTRUCTION OF MADRAS HARBOUR. CONSTRUCTION OF MADRAS HARBOUR. Ha 167

Sremon N, V. Building a protective arm, 400 feet long, in Section No. 3, but without heavy charge for preparing base.

. ) 2
{Baadom Blockwork ) a p.

600 of fil} Soetion No.. ITL, at H1,29% per foot = . . . 775200 0 0,
Lenpth same CIL and No. TV, 3,230 feel. Deduct for value of old blocks recovered enough to make one-fourth wave-
.. engt as No aud e i breaker or 7 cubic yards, at B11 = R77, for 400 feet . . 30,800 00

Additional rubble—

_ e . ‘ 7,44,400 0 0

90 x 20 x 10 =180 Add for pier head-work C e .. 2,000 0 0
600 x 7 x 1'0= 5100

850 X P X 10O = 7850 . 7,64,400 0 O

370 x 3 x 0= 3516 , 212202 0 0

500 x 1 x 10= 425 | . —_—

. a © Escavatonsssbove . . . . . . . . . .876602 0 0

R oa p. o
2,231'6 == 112 tons, at . . . R 2=22 0 0 _

Cone:%t;) hl;ml:: “,t_ r&h;‘;‘:)u~ . Savings effected by making north-east entrance owing to there being less pier to build.
420x“‘= 378 &£ a p
300 x M = 720 (a) In Section No, ITI— *
' —— . 600 feet, at R916-4.0 per foot . . . . . . .549750 0 0

1,818 = 87§ cobic yards, st . . . . HI1 =740 0 0 (8) In Section No. IV— : . .

Concrete topping and bags— 600 feet at R764 per foot . . . 4,638,400 0 0O

30r0 X 80 X 10 = 240 = @ cubic yards, at, say . . L12=108 0 0 Deduet lump sum for extra work in cxossmg over hne of north pier for
‘ ‘ outer horn . . . . . . . . . 50,000 0 0
. 173 0 o . SN

Deduct for random blocks in ruined work about-— Net . 4,08400 0 0
60 X Y X 10 &= 20 cubic yards, at . . - . w3l =280 0 0 (¢) Tn Section No. V—

600 feet at 852 . . . . . . . . .6,11,200 0 0O
Por lineal foot . . . 83 0 Q0

e E—————

For both piers, 3,280 fect, at 1852 = RY7,54.660 Whole Section No, 5 for closing eastorn entrance and building outer horn.

Rubble base (48 feet per lineal foot water) =

ALTERNATIVE PROPOSALS. ' 650 x % = 6826
1550 x Z+X % = 30526
Estimate for full Section No, I1I (without any old work) to be used for clusing eaatern opening. Per hnul - o2 900°0
foot of pier. o 7340 X ¥ = % ‘
. , — £ a p
Memo.—The rubble base is to extend 33 foet from edge of blocks to top of slope on barbour side. 56,6350 = 276 tons, at . N R2= 552 0 0O
Ltubble base in 48 feet waler— : Conoreto blooks (as before) 674 cubic yards, at . . . »ll == 740 0 0
76 x*y = 787} Concrete topping and bags, 9 cubio yards,at . . . . W12 = M8 0 0
75 x % = 1,875
61 x 26 = 1,688 : 1,400 0 0
42 x P = 420
— ' R a p For closing entrance—
4,608% == 233 tons, at H2 — 466 0 O . L ) £ ap
Value of No. 11 Sention without taking credit for uld bloch p«vr l'mt nnd 500 feet rubblo work, at R5562 per foot = . - o, 276000 0 0
without R134 for preparing base . . . . 826 0 O 500 feet blockwork at R848  ditto = . 4,66,400 0 0
: ¢ S———
Per lineal foot ° . . . . . . . . . . . 1992 0 O 7,42400 0 0
. For building extra horn, 600 feet Qt 11,400 . . . 8,40,000
Taking 500 feet sy the additional amount of mbblo base roqmred at ' Deduct for old blocks . ’ ’ ' - 30,809
R4 = . : : . . 3,38,000 0 © | 6.00.200 :
And 650 feet. for bluckwork nt Rﬂ26 = . . . . . . 454300 0 O .o 6,09,200 .
For work in pier head . . . . . . 20,000
Total for cluing cntrance with Ko, ITI Soction . 6,87,900 0 0 . S, T 620200 0 0
' ’ 1371,600 0 0
o - L]
T, For making a Northern Entranos, . : '
Excavation of rubble for 600 feet in length— Suving by doing away with south pier wave-brenker to 1,750 feet and with concrete toppiog on Sections
400 X 30 = 1200 cubic feet. Iand 1T
410 X " = 380-6 ” . R a. p.
64 X 14 == 9180 " No. T Section— '
43 X VP = 326 " : 1,106 feet concreto top, at . . . . . ~ R48 = 653,088 0 ¢
e R a No. I¥ Bection—
17500 X 500=82407 c. yds, at R4 = . . . 1,80,628 0 0 3,530 feel concrete top, at . . . . . - 5, 04 =227200 0 0
Excavation and removal of blocke— ' Wave-breaker, south pier—
290 x 20 == §60 x §00= 10,333 c. yds,, at B8 = . . » 83664 0 O 1.750 fact blockn at ) . ] ) ) . R203.8.0 = 356,125 0 0
Bubble 1,780 feet, at . . . . . . . Ro2 = 1,08,500 0 0

212209 0 O

A——— s r——

744913 0 0

S Mm——— St
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SUMMARY OF ESTIMATES. .
®

(A.) Restoring as per Sections I, TT, and 111 with 480 feet entrance . . 51,845,520
Pitto ditto with 550 ditto . . . B0,H3.H80
{B.) Ditlo Sections 1, 11, and 1V with 430 ditto . . . 48,13,179
Ditto ditto with 550 ditto . . . 43,306,779
(C) Ditto Sections 1, 11, and V (430 feet cut) . . . . 49,55,672
bitto ditto (650 ditto ) . . . A8, 70,472

ALTERNATIVYE PROPOSALS,

With 500 feot entrapec to the noribi-oast abolishing conerete ea pping on inaer porlion of work, and wave

breaker ¢o inncr perlion of south pier.

R
{D.) Restoration being carried on as Sections I, 11, and LIT, aud ex!ra work built
ay Seetion 111 . . . L1877
(1.} Resturation to be carried o as in Swnon-xl II aud I\’ uxfru work lmn;, as
@ Seetion 11 . . . , . B0,26,318
{83 Lestomtion and extra work f,o ba d« e @ i %@mu Y (hnn h ST Wmld
Memo.—This wilt be the guickes/ work . . . 81,42,636
For vlocks on alowk n ¢ rld Luf RLYLE30 may be inkey for every ..'M,inn.
E60,000 added Tor oxira titsn rords and railx owitted ju Qetaded ewtinwte.
SUMMARY OF ESTIMATES.
{A.} Tstimace for estoring Hurbour as proposed by Covimitive, in Sections 1. 11, TIL
It
Total value for Secticn No, T . . . . . . . 57,395
Do, do.  No. II . . , . . . , . L 11,70,205
Le. do, Ne. 1L . . . . . . . . . 80,04,880
42,382,200
Plant---
Twolitan cranes complete, at R45,000 . - . . . . . 90,000
Twe cranes lor setting wava-broakers, st R30,000 . . . L GO0
New railway lines, 230 tons of permanent-way waterial, at Rl(xl . . 23,000
2043 tons titan ratls, ut BRI . . . « . . . . . 20,000
2,000 sil-woul slecpers, at 14-8.0 . , . - . - . - 18000
16,000 Lineal foel titan -oads, at B4 . . . . - . . S 64,000
Oue Go‘linth evang, restored . . . . - . . . . 2,000
) . 45 09,200
Add 15 per cent. for Establizhment and Coatingenoier . . . . 676,380
61,855,650
If witk 650 foet entravee, deduct 100 feet, at BOI6G . . . . ) NP
. 50,93,980
* SUMMARY OF ESTIMATES.
(B) Estimate for restoring harbour as proposed by Cowmittes in Bections I, II, and 1V.
* R
Total value for Section Ne. [ . . . . . . . . . 57425
Do. do. » 11 . . . . . . . . . 11,70,295
Do. do. , 1V . . . ) . . . . . 26,068,740
37.34,460
Plunt, as for Sections 1, L1, and 111 . . . ) . . . - 277,000
. -
: i 40,11,4680
Add 15 per wnt. for Establishment aud Contingoncies . . . 601,710
L
46,13,179
1f with 550 feet cntrance, deduct 100 feet, at 1764 . . . . . 6,400
45,36,779
e t—— ]

SUMMARY OF ESTIMATES.

(C.) Estimate for restoring Harbour as proposed by Committee in Scctions I, II, and V (Random

Blocks).
B .
TPotal valoe for Section No. I . . . . . . . . . 67,425
Deo. do. , II . . . . . . . . . 11,70,395
Do, do. » V 3 . . . . . . . . £7,94,660
40,22,280
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Plant— B

Two special titan erancs capable of setting regular work, and overhanging enough

to build random blocks . . . . . . . . . 1,60,000

Other plant as before, less the two extla cranes . . . . . - 1,27,000

) 43,09,280

‘Add 15 per cent, for Kstablishment and Contingencies . . . . . 6,406,392

. 49,55,672

If with 550 entrance, deduct 100 feet, at . . . . . . . 85,200

48,70,472

COVI\H’ITFE‘ ALTERNATIVE PROPOSALS.

a

© First Alternative~To close praseat entrance by Section No. 3, and open one to the north extending

theeeastern part of the break-water 400 feet as an ovexl'\.p to the entrance.

R
(D.) Estimate for vepairing by fections I, IT, and ITI, see Suwrmary of Estimates -
(a) . . . .. 42,32,200
Deduct 100 feet for makmg 050 fem entrance . . . . . 91,600
41,40,600
Add— i
¥or building across entranee = : S - . 6,87,300
Do. 400 of protecting armn . R . . . . . . 7,6;1,:1:01)
Excavatiog and opening north entrance . . . . 2,12,292
. 58,04,692
. Deduct saving as shown () o page 167 . e . 5,409,750
Also saving as shuwn on page' 167 . . . . . . . 7,44,913
) wermsenee  12.94,663
45,049,929
. Closing north entrance.
Plant—
One titan crane . . . . . . . . . 45,000
Qune crane for wave. reaker . . . . . 80,000
Other plant as in Summary of Eehmates (A) . . . - 1,27,000
2,02,000
o 47,11,929
Add 15 per cent. for Egtablishment and Contingenciss . . - . 7,068,788

“ Guxn Torar . - 54,18,717

(E.) Estimate for bloung eastéin ‘entrance and opening one to the north the work being restored
41 wmainly on Sections I, II, and IV,
R
Valuo of resbogmg work by I, 11, and IV (a.s shown in Summary of Estimates
(B . qni . .. . . 97,34,460
Deduct for 100 feet to restore 550 entranee . . . . . . %, 76,400

36,68,060
Add— ‘
For building across entrance . . . . . . .o . 6,87,300
600 feet of protecting arm . . . . . . . ... 764400
Excavating sud opening northern ontrnnce . . . . . YL 212,202
’ £3,22,052
Deduct— g ) ' B
Saving as shown (D), page&l/ . . . . . . . 4,08,400
Also as shown on page 167 . . . . . . . . 744913
’ . 11,568,313
» SRR 41,68,739
Plant as before e . . . R . 2,02,000
43,70,739

Add 15 per cent. for Establishment and Contingencies . . . . . 6,565,609

. GeaND Torar . b50,26,348
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(F.) Closing eastern entrance and opening one to north, with Sections I, 1I,

and V. \
Memo.—~The entrance is supposed to ba closed and the extra protective built on F 4
Section®s.
Restoring worl, Sections I, IT, and V with 450 foet entrance . . <. 4022380
Deduect for 550 faet entrance, 100 feet . . . . . . . . 85,200
36,837,000
Add—
Ruilding across entrance . . . . . . . . . . 74240
o Do.  extra protective arm . . . . . . . - . 829200
Excavation in north pier . . . . . . . . . . 212,202
’ 55,20,073
Deduct— 22 :
Saving as shown (¢) on page 167 . . . . . . 511,280
Also as shown on page 167 . . . . . . . 7414913
12.56,113
42,64,859
Plant-— ;
One special titan . . ) .. . . . . {0,000
Other plant as before . . . . . . . . 67,000
‘ 2,07,000
: .’ 44,71,859
Add 1B per cent. for Establishment and éontingencieu . . . ) . 8707177
51,42,636

Detailed Remarks on Prices and Methods of carrying out work suggested.

Rubble Stone for Base and Foreshore.—~The rubble for base and foreshore is to be clean, hard syenitic
rock from Pallivaram, similar to what has been used hitherto from that quarry. The price is gonerally taken 8t
R2 per ton deposited in the sea, but for the shore ends of the piers, for protective work, R1-8.0 por ton has
been taken, The ton has boen taken as 20 eubio feet, and this ia arrived at by frequent measurements and
weighings. The price is based on what has already been done in dopowiting 800,000 tons of rubble, the cost of
which varied from R1.8.0 to R2-4-0 per ton, the latter price being exceptionally high, The Yubble will be
deposited from large boats propelled by oars; also by being thrown from the piers and by being tipped by the
overhanging crane. No steatn hopper barges will be needed. The stones will vary in weight from 3 Jbe, to

300 lbs.

much as possible, but this dees:not materiaily affect the price.

The ocost of the concrete blocks per cubic yard has latterly been R8:90 in the yard, and the cost of setting ;
by meens of divers has been sometimes bolow 2, and sometimes n little above R2 per cabie yard, iocloding -

all charges. Therefore the price chosen in tho estimate of RI1 is fair,

Concrete Topping and Concrets in Bags.—This has been taken at R12, ‘as there will be more waste of -
cement in mixing, and the rBaterials will have to be carried aloug the piers for mixing in sitw, thus adding to

oheir cost before they are converted into concrete.

Iron Cramps.—Iron cramps are taken at § anna per Ib, fixed in the blocks with cement, The price is bne‘dA

on actual work done,

Preparing foundations on site of ruined work.—This is a difficult item to estimate, as we have no simi~ -

lar experience. We know that it will be very tedions and difficnlt. There was o time in the north pier work
when there was 7 feet oF excavation to be carried on in laterite rubble. This reduced progress to nearly s stand-
still, and took a very strong diving force. The amoupt of material to be shifted was more than equal to &
course of blocks. It was found to cost 134 per liveal foot. This prico has been selected as the cost per
lineal foot of preparing foundation in ruined work. It may cost twice as mnch.

Method of Setting Blocks in Sections III und IV.~It is supposed that for the actual piers two titan

cranes will be required, in which there should be some alterations and improvements. For depositing the blocks

in the wave-breakers other eranes should be used. of special design, with their overhang extending on each side - ‘

of the blocks. They should be capable of holding 30 tons with an overhang of 40 feet.

The blocks for the wave-hreakers should bo “ tripped * and not lowored by Lewia bolts.

Crane Roads.~"The roads on whick the seiting machines (titan or similar cranes) travel are to be conti-
nuous. They should be 70 b, Hat-Lotlomed rails, fastened by fang.-bolts (not spikes) to teak longitudinal
timbers 14 x 10”. These timbers to be fixed to the blocks and built in.

Crane for Random Rlockwork.~~The cranes or crane required for this work must be one with enormous
scope. It shounld be capable of carrying 30 or 40 tons at a radius of 50 feet, and should be on 8 circular girder
to *jib” completely round. Tt will be absolutely nocessary to deposit the blocks as far awsy from the ccotre
line as possible; otherwise thure will be no chance of retaining an sven and solid road for the crave to advance
wpon.

2. Concrete Blocks—The concreto blocks will be similar in composition to those made latterly for the dam-
aged piers, of which 12,568 cubic yurds are now on stock. The Mddras local cement may, bowever, be used as
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Construction of Random Work.—To within 15 feet of low water no donbt rubble stone may be used as a
irting to the outer slopes of random work. But above this nothing but heavy blocks should be used, except
purposes of leveling up. If the individual blocks at the level of breaking ses are too light, say less than 25
s, there is no stability in the random mound. At 6 feet above H. W, the work must be’levelled and concret-
up with bags, ready to receive the top course of blocks which must be brought up level enough to carry a rail-
¥, as well aa the crane roads,

Estimate of Plant.—The cstimate for plant is nothing more than a guess based upon the known cost of
ues, rails, sleepers, &c., as given by previous experience on these works. As the cranes are purchased as

iplete machines for a lump sum, it is not possible to enter into details except in communication with the

lders in England. .
Establishment and Contingencies.—It is believed that 7} per cent. will be ample for ¢ Establishment,” but

in former experience 2} per cent. was far too little for  Contingencies,” it is judged safer to make the charge
the latter also 7§ per cent., which it is hoped will be more than sufficient,

te by G. L. MoLmsavortH, Esq., Consulting Enginaer to tbe Government of Iudia for State Railwu&s, on the
two Reports of the Tlome and Madras Cormittees on the Madras Harbour Works,—dated 17tk July 1883.

In the following remarks I propose for the salke of brevity tf? term the Committee ajppoiiit-
by the Secretary of State in July 1882, and consisting of Sir John Hawkshaw, er John
ode, and Professor Stokes, the * Home Committes,” whilst I shall term the Committee ap-
nted in Madras on the 30th of April 1883 the « Madras Committee.”

The recommendations of the Home Committee may be dealt with under four separate

g — ‘ C .
* Ist—The raising of the beight of the break-water from 6 to 12 feet above high water

level.
2nd—The strengthening of the sides of the harbour.
- 8rid—The reconstruction of the elbows and faces of the harbour.
4th—The question of the entrance to the harbour.
deal with these seriutim— _ '
Ist.—I am of opinion that the raising of the height of the break-water is do;sn'a.ple, and
t it will countribute greatly to the preservation of still water within the harbour in times of

gh weather. _ .
It appears to me, however, to be unnecessary to raise the level of the break-water, except on

faces and elbows ; for, as I have already pointed out in my previous report on the ;\.!adras
rbour, the sides of the harbour will probably never be exposed to the broadsu?e actlon_of
fonic waves; and this opinion is confirmed in the report of the Madras Committee, which
o5 that « o matter what the direction of the wind, the unczasing swell on this portion of the
i rolls in with the crests of the waves parallel or nearly so tothe coast,” nor can it, 1 thiuk,
)therwise ; and the heavier the swell, the greater is the .tendency to assume the direetion
ve described. Moreover, if the proposal of the Madras Committes respecting the entrance
;dopt‘eﬁ, the porth side will be still further protected from wave action.

1 would theréfore suggest a postponement of the raising of both’sides of the harbour until
Jher experience has been gained as’to the necessity for the work. Th& raising may be exe-
«d at any#ime; it is not a work that presses, and does not form, an integral porticn of the
nstruction; and if it be postponed, valuable experience will Le gained as to its necessity
ing the- period of reconstruction. - _ . .

T think, howeves, the cost of raising the sides might be retained in the estimate as a con-
rency to which Goverument may be liable. ' :

The raising of the faces and elbows might be carried on simultaneously with reconstruction.

Oud.—The reasoning which I have applied %o the raistag of the sideg will also hold good

certain extent with regard to the strengthening of the sides by randvm blocks thrown

n on the sea-side to form a “ wave-breaker,” for 1 am induceg to thipk that it will not be
ssary to adopt so large a provision as that contemplated in the report of the Home Cora-
we. . :
In my previous report I suggested that the sides should he protected Ly throwing down
tional gneiss ruhble on the sea-side, and I ar inclined to think that this will sulfice. 1
ild at all events be disposed a? first to lay down pot more than n few hundred feet of
we-breaker ” at that portion of the side which is nearest to the “elbiow,” and additious may
sade to this at any time should it be found necessary.

I should be disposed, therefore, as in the case of raising the sides, to postpone the execution
ais portion of the works whilst retaining it ju the estimates.
3rd.~The Home Commiitee has suggested for the recoustruction of the faces and elbows
& alternative propositions, namelye—

{#) Replacing the fallen blocks in their original position, and adding random blecks as a

“ swave-vreaker.”
t

“t
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(¢) Constructing a new wall 60 feet in the rear of the original wall, and adding a © wave-
breaker” of random blocks, .

(&) Pepositing random blocks cn tie déhris of the oviginal wall.

Alternative (e) is recommended, (/' practicable ; but wome doubts are thrown Ly the Home
Commitiee upon the peacticability of the plan.  The Madras Committee also exprosses strong
doubts as toits practicability, which T must admit 1 share ; and even assuming its practicabi-
lity, the Mudras Committee considers that it must be attonded with very great difficulty and
delay, and should on that acconnut be rejected, narrowing down the selection to alteruatives ()
and {c}.

Alternative () is quite practicable, but the Home Comumittee points out that it will shorten

ke harbour (already very sbore), and that it will by undesivable to build on the unconsoliduted
rubibie,

in

wldition to the objections rwised by the Heme Comimitter, 1am_ of epinion that the

déiiie of the ovirinal wall, ireeoular s i ds, and beings in wiviaer of the new wall, weuld pro-
bably set upu very sciiong wuee aeliou of whick it s tpessible to pradict the results. In
some places the wall stands o s full weight, whilst fn other plars thers wie breaches, and the
only way of obviating » compheated wave action would be thuroughly to dismantle the old
wall and reduce it to an even surface; and (his would b» a very expensive operation.
Alternative (c) ““possesses” (in the opinion of the Home Committee) “ adventages, and
as regards construction is @ safe system fo follow.' 1t is objected to only on account of ne-
cessitating short walls at its extremities for entrance lights, and on the ground of admitting
through its interstices sorae disturbance inside the harbour.  The Madras Commitlee, however,
points out with much force thut these objections are not vatid. The entrance lisshts are not
needed, and, even if they were necded, conld be arranged for otherwise ; and the core formed by
the old wull would preveut disturbunce in the barbeur through the interstices of the random
blocis. '

The Madras Committee then, considering that there is *' no valid professional objections |

to the random block system of construction, give a decided prefercnce to alternative (e), and
with this opinion I entirely concur.

I thiuk, however, that the section proposed needs some slight modification. It is well
known that if o wave be deflected, its force will be far less than if it be allowed to break ; and
waves will be broken by any slope having an inclination less than 1 to 1; whilst fram that
angle to the perpendicular the wave will not be broken, unless it be nearly on the point of
breuking when it reaches the slope.  Now the section proposed averages alout an inclination
of 14 or 1} to 1, and on such a swrface the waves will probably break instead of heing deflected.
Nearly all the French Lreak-waters coustructed on the random bloek svstem have an averawe
slope of 1 to I, and I recommend the adoption of that slope in the secticn to he riven to t?ne

face and elbows of the Mudras break-wuter when reconstrueted.  The same reasoning holds

good as regards the rubble deposit, which is shown on the section, at an average slope of about
34 to 1. N
d The adoption of this slope would give a tendency to convert vertieal into. horizontal mo-

tion, aud muke tbe waves to break heavily on the break-water,  The lower portion of the wave
being restruined, the apper part would be flung heavily on the hreak-water. I would suggrest
that no additional rubble should be placed on the outside of the section, but that the blooke
should be allowed to fill up any defidiencies in the scetion ; thic would not entail any larger
expenditure of blocks than i3 at present contemplated, if the French practice of slopes of I to\}
be followed ; and the section would be safer from disturbauee,

I think thatdhe fact that the rubble has been displaced by the wave activn shows the
neccssity for extending the casing of lurge blocks to that depth.

I enclose typical sections (diagram Nos. 1 and 2) which T recommend as modifications of
those which accompany the report of the Madras Committee.

4th,.—The Home Committee sugwests the reduction of the entrance from 550 to 450 feet
in width, whilst those who have had actual experience in working vessels in and out of the
harhour constder that this will render the entrance “diffienlt and dangerous to a degree out of
all proportion to any advantage that can be gained by it;” and although from a study of the
comparison with other harbomrs, Tam inclined to think that a reduction might be made in the
width of the entrance, yet, in the face of so strong au expression from those who have had
actual expericnce, it would be prudent to defer any reduetion of the entrance, as I suggested
in my previous report, until further experience has been gained ; and I think that if two fixed
beacous were placed at each side of the entrance as proposed to be reduced by the Home Com-
mittee, the necessary experience wmight be praetically obtaiued before the time arrives for carry-
ing out the reduction proposed.

i

I
I
There is no doubt that even with this reduction there will be a considfe,‘l'\'ﬁ.ble movement
within the harbour. o
I have calculated the probable intensity of the swell in the harbour at different distances
from the entrance and with waves of different initial height outside the entrance. l'l'he follow-
ing tables give the results of my calculations— A

n
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Tuble No, 1. ‘

WIDTH OF ENTRANCE 6560 FEET.

%
o
HgiaHT OF SWELL IN HARBOUR WHEN fxin'xn.,
HEIGHT OF WAVES QUTSIDE Is ‘
Dist‘.ance from cntrance.
25 feet. 30 feet. 35 fect.
. 2
£t £t. fr. o
500 feet L. e 732 878 1024
1,000 ,, . . . . . - . . . 668 802 936
1,500 ,, . . . . . . . . . 626 751 876
2,000 ,, . . . . . . R . 592 710 829
2,500 ,, (bead of jetty) . . . . . . . 505 ; 678 790
|

Table No. 2.

WIDTH OF ENTRANCE 450 FEET.

HEIGHT OF SWELL IN HARBOUR WHEN INITIAL
. HEIGRT OF WAYES OUTEIDE I8
Distante from entrance. 25 fect. 30 foet. 35 feot.
’ £t. . ft.
BOO foet © .. - . - .« .. 640 7°68 896
1000, . e o 579 * 694 810
11,600 ,» e e e 587 44 762
2,000 ,, e e e e 504 603 7:06
2,600 , (head of Jetty) - - . - . . . 478 ¢ 5T 669

Thege results only give the swell caused by that portion of the wave which passes through °

. the entrance, and do not take into account the disturbing effect of any portion of the wave that
" ' may pass over the structure. .

It will be seen, then, from these tables that with a 30 feet wave outside the harbour the '

" reduction of entrance would approximately reduce the swell at the head®f the jetly inside the

harbour from 8-78 feet to about 574 feet, or in round numbers about one foot.

The * Madras Committee,”” however, has recommended the closing of the present entrance .
and opening of a new entrance in the north elbow, this entrance heing covered by a projecting
break-water curving out from the eastern tangent of this elbow.

The entrance to a harbour at right angles to the general direction of the swell is generally
congidered to be a very disadvantageous arrangement; for when a vessel is entering such a
barbour, half protected by the entrance, and half exposed to the action of a heavy wave, it is
liable to be swung round, and strike the entrance before it can recover itself : this is a contin-
gency to which modern vessels from their extreme length ure especially Liable.

The projecting break-water proposed by the Madrus Comittee will allow some distance
for a vessel to recover itself under these circumstances, but I think scarcely sufficient. Colonel
Trevor, the Secretary, suggests an increase to the length of this projectios, and 1am of

f
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opinion it should be inereased not only for covering the entrance, but also in onder to allow a
vessel to racover itsell if struek by a wave when half protected. '

I presume fhat the nautical authorities on the Madras Committee have satisfied them-
selyes as Yo the practicability of a ship entering the barbeur by such an entrance in stormy
weather ; but T think it would be destrable to refer this question to the highest nautical author-
ities in Tudia.

Supposing the entrance to be practicable, the change of entrance would doubtless add
very greally to the quieseence of the harnour; but I must confess that 1 am somewhat sceptieal
of the absolute saloty of vessels in Madms Harbour during a cyelone, even under the conditions
of having#raised the face and elbows and closed the seaward entranee.

Assuming, however, the fensibility of such an entrapee, 1 am of opinion that the form of
bréak.water proposed for covering this entrance requires some wmedification.  In its proposed
form it 45 open Lo serions objections, involving, as it does, a re-entering curve which would
never stand the blow of a eyelonie wave,

1 have, in my previous report, adverted to the confluent action of waves along the faces
and round the elbows of this break-water, and 1 anunex a diagram (No. 8) showing in black
arrows the action of waves on n break-water such as that propusdd by the Madras Commitiee.

Teowil Lo omeen by this disgram that the meeting of the conflucut wiaves along the face

with those colliag in direct from the zea wonld seto up a very severe aetion, snd the blows on
e eonenve surtace at A would be so severe that vothivg fu the sbape of & break-water could
withstand .

Morcover, the achion of the wives would not ouly be wevere un the brenk-water, but, us
the cauflacut aetion would b duametrically opposed ta the diveet sction of the waves rolling i
at B, 4 very turbulent aetion of the waves winid bo sob uyp, whick would serivusly aflect the
passwre of o vessel into the entravee,

I have shown in red the modification T wauld propose for adeption in case an entrance ut
the elbow shonld be approved, the red arrows showiug the action of the wave upon it, which
would be far less intense than in the provious vase.  On the other hand, there is an undoubted
objection to the moditied form iu that vessels entering and leaving the barbour would be thrown
further into shoal water than in the form proposed ; but if this be an insuperable objection 1
asm of opinion that the ides of an entranes w the elbow must be abandoned, for a concave face
in-such & position is in my opinion quite inad missible.

There is another alternative entrance that might be worthy of consideration as offering
gheltor to the harbour withont the objectionable fuatures of cither of the foregoing alternatives,
This is shown iu diagram Na. 4 appended to this note, one of the faces being extended 8o as to
cover the existing entrance, and, hy demaolishing part of the other face, a sufficient width for
a free entrance may be obtained.

This would allow an entrance ih derp water, and it is doubtful whether it would be more -

. expensive than the plan proposed by the Madras Comunittee,
If thers should be a tondenoy ‘t‘: for the portion E F would be cquivalent to tilling in the
L’;P{;:ﬁ?:‘&‘é‘:ﬁ ;::::f us,zuc:t',ll'x.:;tf:clcgm present entrance. The portion P G in diagram No, 4 would
::nt?i gifvef Ltzz an:ra:’-};zt.a t‘o*:h'e x{fwrj;hc"::; be equivilent to the portion 1) C in diagram No. 3; and the
Chs extension oid bave 1o ha vmber  portion 1 K to be demolished would be somewhat shorter
longer to give au equalscover 1 the e than the portion of fhe elbow which it 1s proposed to demolish
e ss. 6 L .M, for anew entrance. Ouv the other hand, the portion F G in
diagram No. 4 will be in deeper water than the eguivalent

portion D C in diagram No. 3.

It may be convaaient to sum up my opinions ou the four suggestions of the Home Com-
mittee as follows:—= ¢

J2t.—T recommend that the raiving of the fuces and elbows of the harbour be accepted
but that the raising of the sides be postponed pending furthir expervience.

Gud —1 recomraend that the wave-bresker for the sides be only zarried out at first for two
or thres bundred feet from the elbows, and that its completion be also postponed uutil the
pecessity for it can be determinml,

ed.a recommend the adoption of the random bleck system un the debris of the original
wall, but T advise that the sections be modified w accordance with the typical sections givem in
diagrams 1 and 2 appended to this note.

4¢4.~1 recommend a postponcment of the reduction of the width of entrance uutil it cun
be ascertained by practien! experiment with fixed beacons that snch a reduction can be allowed
with safoty ¢ the shipping and with regard to the alternative entrance {rom one side, 1 advise
that the question be referred to some eminent nautial suthoricy in India, bearing in mind that .
a coneave face to the break-water is quite inadmiseible.
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.The settlement of the third point, namely, the method of reconstructing the face and elbows
18 the only one thaf presses for an immediate decision, and it is very desirable to arrive at a
decision on this point with the least possible delay, not only to enable the manufacture of blocks
to be recommenced, but also to prevent further disaster to the existing WorLs “from future ey-

" clones by protecting them with random blocks.

Note by Corover H. A, Browrrow, R. E,, Inspector General of Irrigation, on the above note,—dated 2nd
Angust 1883.

I detained this case, as explained ver-
bally to Secretary and Mr. Mblesworth,
in order to obtain information regarding
-— cws - the strength, duration, and effect of the
littoral currents. In respect to these see
what Captain Taylor says in his letter of
«————« * July 26th accompanying, Having ze-

_ gard to the greater duration and strength
. of the northerlyseurrent, and especially to

§

tities of sand carried up from south to north
by it, I most unhesitatingly advocate
turning the mouth of the harbour to the
north instead of the south. A current of
2" miles an honr movas 3 feet in a second,
just the velocity of the Ganges Camal in
its upper reaches, and I am very confident
that, with a northerly current of that
strength, a very awkward eddy would be
ated at W*
% The current setting genelatf‘-d ut 1 of
into the harbowr alomy sketch in the mar-
-, inner face of B D will ¢in, if the harbour
= tend toheap up the water ™7 .
within tho enclosrre and  mouth 18 made to

.generate a current seb- fane the south.
ting ont at E, G,

This will be very much increased if the

’ ('uxr b should ever increase to 3 miles an
hum ot 4} feet a second, aw it may casily
do When the: south-west monsoon iz blow-
mé atrou«*ly, pnd the danger to ships mov-
ing in and out svould then be considerable.

~ They conld’ not _hug the projecting face
™ N F D, as the Lurreni would be sctting

S stigngly on to it, and thus would be ex-
‘ / Y ~ tremely hke]y»to come to grief at E, as-

the steering would b2 very uncertain.
sited at A B, moves up to the end of the
at B. With the mouth opening to the
the outer side of the projecting face, and

would be constantly removed by the same
actiou‘ as that which now tends to cause

projection from the beach.
Eitract from letter from Carraxy J. H. Tavro, referred fo in above nots,—dated 26th July 1883,
The ‘currents on the Madra.s coast are sustained by the monscon, winds and prevailing
Jocal winds.
2. Thus, in the latter half of March, when the local long shatﬁ winds blow, the current set,
~to the northward steadily, and at a rate varying from } to 13, or Gﬂmv’times 2, according to the
" strength of the wind close inshore and as far vut to sea as the obsorv.mon of ooastlng vessels

projecting wall, a bar is sure to be formed.

north the sand would ‘simply travel along -

what is stated regarding the great quan-

Besides, when the sand, now being depo- _

erosion of the beach to the north of any

o reach. Thxs wind continues to blow in April and May, when it becomes mcrg‘ed in the south~

-




176 CONSTURUCTION OF WADRAS HARD UH,

west tnen=ovte wind widel Lsts R Septembers Theve S thesodvre, nperiod annuaily of six
and-a-hail months during whi-ira encrent rans to the northwand, o October there is little
or oo enrvent, bat on the werival of the north east mousion iu Novermber a current from the
north sets inond eomtinues throoch Decenber and January st abont 1he same rate as the southe
wost monsoon eaveent, 4 oo B or o exireme cases @ miles por loar. February and part of
Muareh no cirrent to be detectod, The euveont from the north thas ohaains for ittle more than
three monthz as oppesed tesix and half from the opposite Lrection, The ¢fteet, therefore, 1s found
tn be that the sand with wlhiteh the ~urfand =eq near the shore s charged travels in great quantities
from <onth to novth, and s aevested by any projection from the shore aad at onee deposited while
the elear water passing vound the ohstruction npon comtne awsin o ventaet with the bLeach
vaturadly takes up whatever saud b owan Gl and thas Goses erosion, Rome partiad restorae
Hof of 1vh.»: acti o roes on sdario e the north cast man-oon, bt vie althiade p"“p:)"li.,ll;ll<,‘ effert
oo demertoaed Fxiaptes of thi= ace U b Gouned at Covalong whiere there isa vocky pity at

the weeek of the Soshory Movwrdonn Chenaodes b Moddens Hacbonmr Wiorks, and at Pulicat
i »

and Avmeghon, Toothe case oF the hibeorr the wetion Bes adieindy led (o VOry grrent expeuse

fu protecti s theon oty beaci ow s the e e e eonstderable dae andd Bl of tide {o expose any

mischet tha DG g e sy el ebb e ilew wlneh oeeht repair suel mischiet
s the et Lo vere eocebing ared Che sand casy e b follows 1 my opicion that
dhere will alo v e dunger to any work oF the natues of ane upright widl the vadue of which
'l'v'l"'m‘l‘-‘- Lol RNy 3 e oo, wheroes at Maedeas wan e st and ehied eletuent
of foundation. We have, tn o one srgand tide throng v the vear wstead of (wo mlnu]

ones daily, w-n Foohond ol cloew b

ool oonate by Mas Morvawort nodoves T ddnd Avenst 18838

I 4“11'5«' HUNENY Wi?l] (,‘-n‘{nn("l ”i‘\x\\“;n\\' s o H,A' 'll -il-llli‘.ily ;Jl *‘li:-: oase \')f lurnin'_’,’ lhB
apenine to the north fnstead of the wontin bot 1o of opion that the sorthern entrance will
} U i
peopripee patber weeater pestooiration thou tha woie b bas Leen shown for an opening [or the en-

tranes to the south .

Lot of Comontrter anpornted e e 08 Nao 12500, dabed 30U Aprit 1883, and recassembled under instructions
snveved GO0 Noo2an2W o dated $2nd Neptensber 1SN o consider the opinion exprosend in the above,

The Committee seepssemblad undor GO, Noo 2662W, dated 22nd September 1883, to
consider e notes reeoivald From the Govepionent of Tdin on their former report, have the
Louour to subanst the foflowing remarks, /

2, The reeommendations mande by Mr. Moleawerth are sumarised as folléws e

@ Fired =1 vecommend that the rasme of the facos and elbows of the harbour be accept-
ed, but that the ravsing of the ~ides be postponsd pending further experience,

¢ Seeoad.-~1 recommend that the wave-breaker fur the sndes b only earvied out st first
for two or three hundeed foet from the elbows, and that its completion Le alss pestponed untfl

the neeossity for it can be determined, ;

“ Puird.—~l recommend the adoption of the rundom block systemn on the débris of the

ariginal wall, but T advise that the sgetions be modified in accordance with the typieal sections
civen in dingrams L and 2 appended to this note, ‘

& Pourth.—1 recommend a postponement. of the reduction of the width of ¢ntrance uoti}
it ean be secertained by practieal experiment with fixed beacons that such a reduction can be
allowed with safety to the shipping 5 and with regand to the alternstive entrance from ene side,
1 advise that the question be referred Lo soms cmiuent unutreal authovity in Indis, Learing in
mind that a-oneave face Lo the break-water 1s quite inadmissibie.” )

And an alternative proposal for covering the eutrance to the harbour was  made, which
subscquently Mr. Molesworth amended ia accordunce with a suggestion by Colene! Brownlow.

3. Cowsidering these recornmendaiions in order, the Committee would only remark with
reference to (1) that it sppears to them no  disadvantage thut the sides of the harbour should
be kept fow, as the tops of the waves which would spill sver into the harLour would be clear
water which would mix with the otherwise stagnant water within the harbour and cause an
outward flow to sca through the entrance,

4. With regard to (2) the Committee ace satisfied that the wave-breaker is necessary to
the whole of the north side. 'The circumstances of the north and sonth sides are very dissimi.
lar, while the latter is comparatively sheltered during storms and 1s causing an accumulation of
sand on the Sea-side ; the former is exposed to the tirst effort of the storm in the north-east
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monsoon and is not protected by apy outside bank. The necessity for some further outside
protection is now apparent, for, although since the storm of November 1881, some 5,000 tons
of large gneiss rubble have heen tipped as foreshore, yet the centre joint gontinues to open,
although the work has not been heavily attacked since the above date. DBearing this in mind
the Committee would recommend the construction of the wave-breaker on the north side us
one of the first things to be done.

5. In the Despatch of the Secretary of State which was communicated to the Committee
with G. O. No. 1259W., dated 30th April 1883, it was stated that the views of the Home
Committee should be accepted as closing the discussion on the principle of restoration to be
followed ; the Committee therefore framed their estimates according to the sections Which were
designed by the Home Committee. They would only remark with reference to (8) that ex-
perience has shown that the rubble base will not stand at a slope of 1 to 1. .

6. As regards recommendation No, 4, the Committee feel very strongly that the northern
entrance suggested’ by them is the only satisfactory arrangement. Attached to this report is
a letter from the Master Attendant, forwarding the opinions of some of the commanders, of
the large steamers using the port, the best nantical opinions that can be obtained. It will be
seen that all agree in considering the present entrance should be closed, and that the northern
entrance proposed would be the best that could be designed,

7. It appears tp the Committee that there can be no question regarding an entrance on
the sea-face with a protecting arm to the south. Colonel Brownlow has adduced arguments
against it which have been accepted by Mr. Molesworth, and which may be considered conclu-
sive.

8. An entrance on the sea-face with a protecting arm to the north is, in the opinion of
the Committee, open to serious objection, and is not to be compared with the proposed entrance
at the north-east corner. In the first place the sea would still during the north-east monsoon
set into the harbour and create a swell which one of the principal objects of the Committee’s
proposals is to avoid.

Secondly,—An entrance on the sea-face would curtail the deep-water space within the
barbour which counld be taken the fyllest advantage of with a northern entrance.

Thirdly.—Such an entrance would involve the very difficult task of dismantling and
removing the strongest and most deeply founded portion of the whole northern wall, whereas
the entrance proposed by the Committee only entails the clearing away of that portion of the
worlk that is already shaken to its very foundation and is now the most ruined part of the
whole structure. ' '

9. As regards the form of the protecting arm or horn, the Committee would observe that
the slightly curved form proposed by them was adopted after due consideration, as will be seen
by reference to their first report ; and while allowing the objection raised by Mr. Molesworth
to any re-entering angle on the face of the work, they consider that the arm might be made
sufficiently strong to resist any action that may be expected. It would in fact be possible by
increasing the block protection on the concave side of the curve to make the outward face au
almost direct continuation of the face wall at no very serious additional cost.

10. The proposed shape of the protecting arm to the northern entrance given by Mr,
Molesworth, would tend to force ships ‘entering and leaving harbour: into shoul water, and any
such tendency is to be avoided, though during the north-east monscon whin there might be
some difficulty in entering, it 1s to be noticed that the effect of the northern arm is to create
an dutward set from the shore to the extremity of the harbour, which would make the lee-
shore less ta be feared than it proverbially is.

11. The Committee are, however, willing to leave the question of the direction and shape
of the projecting arm for future consideration, and would not object to some modification of
the curve they have proposed. The construction of this arm will be the *last part of the work
ta be done; the eastern entrance will have been closed and the northern entrance opened before
it will be proceeded with, and the final settlement of the question may therefore, if desired, be
postponed. The Committee, however, consider that the more nearly the entrance cun be made
to approximate to that proposed by them, the more satisfactory it will be found to ships using
the harbour. «

J. O. HASTED, Cslonei, R.E.

J. H. TAYLOR, ILteut#nant, R.N.R.
T. E. MARSHALL,

F. N. THOROWGOOD, M.Insr.C.E.
N. St. B. BEARDMORE.

C. BOWEN, Major, R.E. Sccretary.
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Lixtract paragraphs 1 to 8 from despateh From the Seeretary of State for Ll a4, to the Governrent of India,
forwarding o 2nd Report by the Howe Commitics on the proposed restoration of the Madras Hurbour
Works, - No. 23 P, W, duted 24th April 1881

On receipt of Your Exoelleney's Public Works letier No. 59 of 15tk November 1883,
which forwarded a correspondence with the Madras Government relutive to the engineering
merits of the schewe proposed for the restoration of the Madras Harbour, 1 caused the subject
to be aguin referred to the Seleet Committee who hud been uriu‘iuully appointed to consider
the subject, and requested that T might be furnished with their viows on the modifications of
the plan recommendid in their report of 23r] Jannary 1853, which had been suggested by
the Committee appointod by the Government of Madrs,

2. S John Hawkshaw hus, in the accompanying repert, furaished me with an expression
of the juint opinion of himself and hig colleagnes on the recommendations of that Committee,
and, after giving my careful consideratiom to the same in Couneil, 1 have come to the conelu-
sion that the opinion now expressed must Le accepted a~ the final decision on the questions
rajsed.

3. The entrance to the harhour will accordiugly be retained in its original position, and
miy be nareowed as recommended.

o The side plers must be raised to the height of 12 feet nhove hich water level, as
originally recommended, and it loading places are previded in the runger sugeested 1oside
the harbour and near the piers, the necessity for raising them still higher will have to be
vonsidered.

H. With regard to the wiethad of re-instating the work, Your Execellency will pereeive that
the Committee have not pronounced detinitely in favour af any onc of the three systems
wentioged 1 thetr orginal repert,

Sreond Report by the Home Compmities on the praposed restorution of the Madras Harbour Wnrks,ﬁdnf.é
London, T2th Mareh 1844,

In ohedience to instruetions contained in & commniention from the Indin Office, duted
6th of February last, copy of which s annexed, we bave read und considered the papers
forwarded to us, andshave now tie honour Lo report our opinions on the wodifications sugr-
wested by the Madms Committen, of the plan we fust year recommended.

The chauge suggested by the Madias Committes requiring the gravest considerntion ix

their proposal to make a new entrance to the Harbour at its north eastern elbow and to stop
up the existing entrance.  Their vbject in making thi propesal 18 to secure stiller wator inside
the Harbonr, a thing desivable in 1tsait if attinable with due regard to other considc-rutions,
and they stute that the work remodelled iu this and in ofher respects as they recommend
will enst mnch the same us the works advised by us in our report of the 2:rd January 1583,

The Madras Committee arrive at this conelusion of equatity of cost by leaving ont from
their project the wave-hredker on the south sidie, and the eoncret. enp on both sudes of the
Harbour, and appsar to have assumed, though we are ut o lows to Know why, that we did not
attuch any very indispeusably construetive value to this portion of our recommendation.  They
seem o have looked at our proposal to mise the prers by a conerete eapping muinly as a questica
ef waves spilling pver them into the Harbour, though the observation in our report was that
raising the plers to tha height we advised wonld add o the sccurity of vessols within the
Harboar in rough weather, and would greatly strengthen the work.

We cannot approve of Durther expensive works, the tnoney for whicli is chiefly to be found
by redncing the .qtn"n;:th and eficiency of thase recommended in our report, of January 1883,
which we now sce »o reason t: abate.

It follows therefore, tn our opivion, that the proposal fo form a new entrance and to stop
up the old one must he treated as an additional expenditurs to that previously contemplated
by us.

We have consequently estimated the cost of making the new entrance and of stapping up
the old one ; and taking the overlapping arm, us the Madra. Committee shogw it, to be 600 fopt
alougg, which, in onr opinion, would be the minimum length required, we make this additional
cost to amount to £127,000. [ consulenmug the propriety of iucurring such further expendi-
ture, the [vllowing observations should be Lorne in mind.

The danger to vesseld within the Harbour in a eyclone wonld arise from the winds as well

as from the waves, probably more from the former than the latter, and we think that prudent
coramanders, on those occasions, would prefer getting out to sea to remaiuing inside the
Harbour.

[f the piers at the sidex of the Tarhour were left ar low asg is contemplated by the Madras
Committer, they would in ey-lones be nearly, and might be altogether, submerged, and vessols
Iving in the hurbour would be flouting in a receptacle brimful, or nearly so. of water, and
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»xposed on the north and south to the full force of the cyclone. Insuch case, with submerged
piers, vessels breaking from their moorings would in all probability be lost. '

Though the piers raised to the height we -have recommended, while sfrengthening the
swork, would afford some additional protection from the wind, we do not assume that even then
it would be safe to remain in harbour during a cyclone. Mr. Dalrymnple, late Mastor Attendant,
Madras, who has had lengthened experignce of that coast, and who faveured us with his views
o the occasion of our former enquiry, was of opinion that nothing short of 18 feet above high
water would be high enough for the piers, and we consider the height of 12 feet, which we
have recommended, to be quite low enough. Hereafter, in special cases, should vessels be
required to lie at loading places inside the Harbour and near the piers, sereens or wills, say b
féet high, increasing the total height above high water to I8 feet, could be erected, and might,
prove necessary-to give further protection from wind, * ' .

In large harbours it may almost be taken as an axiom that in proportion as you seck
greater stillness inside you have to obtainit by rendering access to, and egress from, the harbour
less easy, .

On the occasion of our enquiry last year we were informed that a new entrance to the
Harbour had been suggested at the scuth-east elbow, and we then considered the question of
changing the entrance, and reported against it.

Though the Madras Committee sny that the strongest winds are from the north-east, and
though winds blow twice as long from that quarter as from the south-east, they now prepose
a new entrance fully open to those prevailing winds.

It is, perhaps, more a nautical than an engiueering question, hut we fear that access and
egress through this new entrance would, in cyclones, be very difficult, the difficulty inereasiné
just in proportion, as the entrance was made to face the north and diminishing as it faced
easterly. Even with the north-easterly kant shown on the Madras Committee’s ;lan vessels
could not make or leave the Harbour without being exposed to waves striking them ’ou their
beam, and tending to heel them over, or to carry them into shoal water on shore, or to cause
them to strike against the end of the northern pier. ‘

With regard to the new/entrance there is another consideration of some moment, Th’
present entrance could not be stopped up until the new entrance was made, and there wou-ld
therefore, for a considerable time be two entrances, and during that period there would neces.’
sarily be greater disturbauce in the Harbour.

With regard to the methods of re?in.s’mting‘ the work, the Madras Committes appear to
prefer the random block system. This is shown in our report of 23rd January 1483 by
Cross Section No. 6. Though we did not give it a preference, we stated in that report, ghnt
1, possessed advantages, und was a safe system to follow.

In framing that report we had to deal with a work which had been much more damaged
i some places than in others, the extent of damage at some poiuts nof being very clearl
agcertainable, nor capable of being determined until the work of restoration shc;uld b iy
progress ; and hence we devised different methods of restoration, . o

Besides the objections we pointed out to the random block system
weighty in themselves, weo were also influertced to some extent by difﬁcul{ie
in that system. .

On this subject we beg to remark generally that, referring to the three methods of recon-
struction shown in our previous report, viz .ev -

1. According to Cross Sections 1,2, and 8,

2. According to Cross Sections 1,2, and 4,

3. According to Cross Sections 1,2, and 5, "
we consider that any of them may be adopted with safety, provided they are in no wise weaken-
ed by diminution of their dimensions or otherwise,

In considering the matters now. referred to us we have had interviews with Mr. Parkes,
who has explained to us his views, He sees soma diffienlty, aswe did, in carrying out the
system shown on Cross Section No, 5, and seems further to be of opinion that he should prefer
to adopt Cross Sections 1,2, and 4. With regard to this question, we think you may be
guided by Mr. Parkés with the clear understanding, so far as we are concerned, that nothing
is done to weaken any of the works recommended by us, whichever of the methods be adopted,
and that the piers be not built to a lower lovel than we have almady‘n.dvised. .

The ouly question remaining to be dealt with is the important one of change of entrance.

We have already pointed out that the change of entrance would add £1%7,000 to the cost
of what we consider to be necessary works. We think also that in cyclopes there would be
difficulty in getting into and out of the Harbour through th'e p.roposed north-eastern entrance,
snd if during a cyclone captains were not disposed to remain in the Harbour, and could not

not  perhaps very
s of manipulation

y 1
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get their vessels ont, it would be a serious matter. We have also mentioned that if a new
entrance be formed, the Harbour will for some time bLe left with two openings instead of one,
and will consequantly be more disturbed,

We are still of opinion that the present entrance might with advantage be reduced to
450 feet, having walls vertical, or nearly so, on both sides of the entrance as we always con-
templated, and see no reason to alter the opinion given in the last paragraph but one of our
former report of the utility of the Harbour, if completed in acrordance with our recommenda-
tioms.

[t must not be forgatten that whether the Harbour wers completed with the present or
with 1 ned entrance, there are now no suflicient facilitios within it for loading or unloading
vessels; and 1 further expeuditure is to be incurred, itisa question whether it would not be
better to inenrit in providing such facilities at or near tho base or shore end of the Harbour
rather than in muking a new entrance,

After giving the fullest eonsideration to this question, we cannot récommend the con-
struction of the proposed new entrance.

In conclusion, we beg to eull attention to the fact that in all the estimates we have made, .

whether in this or our previous report, we dealt with our own prices in English money only,
aud oar prices were in no wise mnoditied or increased (as Mr. Parkes scems o have inferred),
by adopting his ratés and converting thom into sterling inoncy at the mte of two shillings to
the rupee. The conversion of our estimates into yupees must, therefore, be mads at the current
value of the vupee, whatever that may L.

JOHN TTAWKSHAW,

JOHN COODE.

(. (. STOKES.

Extraci. paragraphs 110 12 from a lotter from Coronrr J Snaw 3tewarr, RE., Secretary to the Government
of Mudras, Public Works Dapartment, to the Secrotury W the Government of India, Public Works Depart-
went,—~No. 2, dated Ootacamnnd, Yth June 1881,

I am direeted to acknowledge the receipt of your letter Jdated 17th May 1884, No, 198M.,,
with which i3 forwarded eopy of a despateh and enclosures from ler Mnjesty’s Secretury of
State for ludia, respecting the proposed schemo for the restoration of the Madrs Hurbour, and
in which you request that the Government of India may be favoured with an expression of the
views of this Government in the matter.

2. The thres points specially dealt with in the papers vow under acknowlodzment are—

(1) The position of the entrance to the harbour, together with its shape and width,

(2) The section to be given to the sea-fuce.

(3) The officer under whom, as chief exeentive authority, the restoration of the
harbour 1= to e proceeded with,

32 With respect to the fimt point, I am to state that His Fueellency the Governor in
Cownetl still remaing steongely of opinaon that the entranee shoald be placed at the north-eust
angle of the harbour, yn frem 7 to 74 fathoms of water, as recornmended by the Madrs Com-
mittes, and that it showld bave a width of 700 feet,

4. A= bearing ou this point 1t appiars to this Government that suflicient, weight bhas not
Leen atlached to the unanimous opinions of nautical experts on the spot, coptes of which were
forwarded to you with my lefter duted 1ith October 1843, No. 2562 W, 1t i= admitted by
Sir Jobn Hawk<haw's Commitiee that the qnestion of aceess and erress throngh the propused
new entrance is “owore a goebeal L o engtucering questinn” That it is emphitically a
nautical question scarcely admits of donlt; and ou this point Lhe nautical nuthorities who
Lave been consulted are stngularly npantmens. I aletter, Juted tih Mayv, No. 4354, copy
of which aecorapunies this, and to whicl spoctad attention is solicited, the Moster Attendant of
Modrus siates: Al eomnuuders of vessels who have heen considted, and that ineludes
pearly ail that have visited Madias since the accident, approve eutirely the glteration from
every point of nautical covvenienee””  Captain Faylor udds ;I submitted some of the chief
vpintons, bt conld have ¢allected hundreds, all giving wstimony of the same natnre.”’

5, Lawm directed to again solicil attentiou ta those opinions ; and, in doine o, to pornt to
the fact that they ropresent the views of experienemd men, comnandioe the lirgest steamers
visiting the port—amen whe Lrve knowe this coast and these seas for yrars, and who have
watehed the progress of the karbour works fromw the beginning. 1 thers be any more compe-
tent nautteal anthority, thoronghly conversant with the romewhat eomplicated loeal conditions
and with the nature of cyclonic siorms, I am to sate that His Excelleney in Council carnestly
reguests that the question at issue may be veterred to such authority before it is irrevocably
dm“,idb‘d.

v »
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6. In further connection with this point I am directed to observe that Sir John Hawk-
shaw’s Committee appear to have misapprehended the circumstances from want of the necessary
local knowledge. In paragraph 11 of their last report, they state that quring 1853 they
considered the question of forming a new entrance at the south-east elbow, and reported against
it; and in paragraph 12 they continue: ¢ 'Though the Madras Committee say that the
strongest winds are from the north-east, and though winds blow twice as long from that
quarter as from the south-east, they now proposesa new euntrance fuily open to those prevailing
winds ;” the argument being apparently that, 1f a southern eutrance cunnot be entertaiued,
& fortior? a vorthern entrance must be objocted to still more strongly. .

7. With advertence to this, I am to point out that the Madras Committee did not say
the strongest winds were from the north-east, but < the heaviest scas yet observed have invari-
ably been from the north aud the north-cast.” Asa matter of fact, thc wind does not at

. Madras blow from the north and north-cast for more than four months of the year, from Octo-

ber to February, the direction of the wind during the remaining eight months being more or
less southerly. The dircction of the wiund, however, seems to have little effect on the swyell,
which rolls in with the crests of the waves parallel, or pearly so, to the coast line, with the
vesult that seas enter the present month frecly, und do wot disperse before reachiug the shore
at the base of the harbour. Those seas would be deflected from a north-east entrance by the
proposed prolecting horn.

8. A further objection to the north-east entrance raised by Sir John IHawkshaw’s Com.-
mittee is (paragraph 14 of the veport) thut ¢ there would, for a considerable time, be two
entrances ;” but I am directed to state that this Government do not attach much weight
thereto, inasmuch as the old entrance could probably be closed and the new one opened, during
tlie interval between two stormy seasons,

9. After most carefully considering all that has been urged against the proposed new
entrance, His Excellency the Governor in Conncil adheres strongly to the opinion he has
already recorded i favour of it. Ile considers that the retention of the castern entrance will
involve the loss of the greater part of the advantage which Madrug might otherwise confi-
dently expect to obtain from the harbour, aud thut it will also, in all probability, invelve
heavy and ever-recurring outlay to repair storm damages. Aud I am directed to add that this
opinion is in no way contingent upon the decision that may be arrived at with respect to the
necessity for providing the south arm of the harbour with a wave-hreaker. If such provision
can be dispensed with, as recommended by the Madras Committee, the new entrance can prob-
ably Le opened within the suin (£450,000) named by Sir John ITawkshaw’s Committec ; but if
otherwise, this Government are of opinion that the additional outlay, estimated by the same
body at £127,000, must be tncurred in view to the efficiency of the harbour and the securily of
vessels lylng thercin, : )

10. "The question of whether ships could safely ride out a eyelone in the harbour may, 1
the opinion of this Government, be left to be decided by the commanders of such vessels. In
most cases sufficient warning is given of the approach of a eyelong to ecnable vessels to
get to sea, if they desire to do so; but it is impossible to entertain doubt that a vessel in the
harbour would have-a much better chance during a cyelone if the eastern entrance were closed
than if it were open. It should, moreover, be remembered that the main object of the harbour
is not to provide a refnge for vessels during the brief period of cyclonic stbrms, but to secure
smooth water for landing and shipping operations in ordinary weather, and to protect t:lle,
jetties and other appliances necessary thereto from the destructive effocts of a cyelone to
which they are liable so long as they are exposed to the direct influence of the sea from the
east. Every convenicnce of this sort was wrecked in 1881 ; and unless ¢he proposul to close
the eastern entrance is accepted, it will be useless to attempt their reconstraction.

1. Respecting the proposal to reduce the width of the present éastern ertrance to 450
feet, which is renewed by Sir John Hawkshaw’s Committee im paragraph 22 of their late
report, T am directed to observe that this too is more a nautical than an engineering question,
and that the weight of local nautical opinion has been recorded strongly against the proposal.
Upon this point [ am Lo refer to paragraphs 25 to 27 of the Madras Committee’s first report.
With that opinion on record His Excellency the Governor iv Council must continue tg object
1o the proposal. ' .

12. With respect to the second point dealt with in the papers under acknowledgment,
namely, the section to be given to the sca-face of the harbonr, I am dircoted to state that His
Excellency the Governor in Council grestly prefers the third of the methods of reconstruction
quoted by Sir John Hawkshaw’s Committee in paragraph 18 jof their last report, namely, the
random block-work system. Tts adoption wus strongly recommended by the Madras Com-
mittee ; and as Sir John Hawkshaw’s Committee consider that it may be adopted with safety

it is hoped by this Government that all objections will now be removed. .
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-the capping and wave.breaker are to be added for wind profective

- on this point that—
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Note by ¢, L. Moveswonrn, Esq., Consnlting Enginecr to the Government of India for State Railways,—
dated 19th April 1884,

The joint report makes no allusion to the notes made by Colonel Brownlow and myself,
and thera is nothing in this report to induce we to modity the views I have expressed b my
note of the 17th August 1558. ]

2. In that note I proposed a postponement of raiming the sides antil further expericnce
had been gained as to the necessity for the work, and Tsill think that course should be pursued
Nothing would be lost aud much might be gained Ly such a conrse of action, as the work oi:
reconstruction of the faces and elbows is that which is the most pressing,

3. Iv"the report it is stated—

“The danger to vessels within the harbour in « eyclone would arise from the winls as well as the waves:
pro‘mbly mere from the former than the lattor : and we think that pradent vommanders on those oceasions would
prefer getting out to xea to remainiug in the harbour.”

4. T entirely agree with this opinion ; in fact, wy views have been n]rcn:ly indicated in my
note as follows ;—

“ I must confess that T am somnwhat seeptioal of the absobite wafoty of vessels in Madras Marbour during a
cyclone, even under the conditions of having raised the tare and elhows sl closed tho stvward entrance.”

5. I may go still further and express my convietion that the cappine wonld afford ne
protection against wind worth mention ; and that even with this [ consider it would he an act

of madness for the commander of any vessel to remain in the harbour during a eyelone.  If

| ' purposes only, and not for
cous!,mcf,wc purposes, I think lh.mr.u»mtrm'trm will be aowaste of oney, il is practically
admitted that vessels cannot remain i the harhonr durinr o vy eloun,

6. The report alsy states that with  the northerg sutzanee proposcd by the Madras

Commilteram
“veossels conld not eake or leave the harbons without beng sxoomed o wves steiking thom on the beam, and
tnding to hesl then over, or (o carey tharn into <hial watep g shore, vt caiso them te wtoke against the

end of Uhe narthern pier,

7. This ageres with the opinion 1 have slrew

t ly expressed in my note in the following
erms :—

“When a veswel is cotering such n harbour, half profectod by the entrane
of o heavy wnve, it is liabls to be swun round and striky the YR
contingency to which malorn vessels, from therr axtecmo length, are

a and half exposad to the action
 before it cau maver itacif. Thisis s
speanlly liabjo, ™

. Tlfo' rt:port, however, -m:\kn:. no allusion tf” the alteroative 1 suzgested in iny note (as
shown in diagram No. 1) with the view of meeting this dithculty,

8. The whole quostion, however, i, ax the report sugrgrests, ““ruare a naatical than an

enginecrsg oo 5 T pgesine that the difienl v ws consulerod by the naotical authority in
the M,ulr:.x.-z (,nrmfntw?, and that i wag preferred to face L diflicnlty rather than to iucur
the risk of nareowing the entrance. 1 would, therofore, repoRt my previous recomrmendation

“with regard to the alternativ® entrance from one wide,
eminent nautical authority in Indis, baring in mind th
missible. ™

T woulid alvise that the queation be reforred to some
Aba concane face lo the break-water is quits inad-

10. No allusion has been mude in the repart to the suggestion 1 mady in my pote of
modification of the wection originally proposed by the Home Committee, althoyeh 1 ;»(!ilnwd out
ot I

that this gection @<, inmy cpinien, apen to the very serivos objiction of tending to break
vather than to efleer the wane, wad thee 8o sot up a very destiuetive wave setion,

FL We koow an hittle of the possible ultimate torce of evelonie waves that | am very

strongly of opisiou that every cndeavone should be made to misiise the wipe antion om the

srucinre.

2 Wi N i matio : ; iui
] 12, ‘“ rtb regard to .tlnm qrestion I ounuex some exteaot from the opiuton of Mr. Scott
Ragsel, the hizhest authority on wave aotion.

S, It will b seen From those extructs that the breaking of the wave is “a formidable

thing to attempt,’" and that the limiting angle for reflecting nowave 13 49” or a slope of 1to 1 .

whilst the section proposed by the Howe Committes has a #lope @reater than 14 to 1 for the
blueks and nearly 4 to 1 for the rabble, whicl is elearly within the hmits of wave action.

Ab Tuis useless to argue thay flar slopes huve stood the effects of the wayes at the
English ports, tor most of those ports are so land-lorked that they are never exposed to any
wave action at all upprouching that of u cyclmee wave,  They have, in fuct, to deal with little
more than the ordinary “ oscillatine ” or surface wnvea, which, a3 the extract shows, are not
the “ deadliest enemies with which break-waters huve to contend.”

‘original wall which—
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15. The Alderney break-water, which is more exposed than the majority of English break-
waters, has been constructed with slopes of 2 to 1, changing to more than 4 to 1, and it has
suffered severely. o

16. The French engineers have acknowledged the soundness of the principles laid down
by Mr, Scott Russel, and their more modern hreak-waters are constructed with slopes of 1 to 1
on the seaward face. e

17. T am of opinion, therefore, that this‘ slope should be adgpted for the Madras break-

water.
18. The report considers that Government ‘“may be guided by Mr. Parkes” with refer-

_ences to the adoption of Cross Section No., 4 ; but it makes no allusion to the difficulty to which

I bave drawn attention in my previous note respecting the irregularity of the débris of the

“being in advance of the new wall would probably set up a very serious wave action, of which it is impossible
to predict the resalt.”””

and such an action ought, in my opinion, to be avoided. “
“19. The report, moreover, states that Mr. Parkes sces some difficulty in carrving out

* Cross Section No, 5 (random blocks) ; but, as it has not stated the precise character of that

difficulty, T would suggest that its exact nature should be ascertained with the view of ob-
taining from Mr. Thorowgood a report as to the practical value of the objection, and whether
this difficulty may not be overcome. .
20. In conclusion, I may say that I adhere to all the recommendations I bave previously
made in my note of the 17th of August 1883, ‘

Note by Cooner W. § Trevos, R. E, Secretary to Government of Iadia, P. W, Dept.,—dated 21st April 1884

1t strikes me that the distinguished authors of the joint report are under a very serious
misapprehension as to the character of a cyclone. They talk of vessels going into and coming
out’of the harbour during a cyclone, as if such a feat were easy of accomplishment with a
sufficiently opeﬁ entrance. As a matter of fact, it would be simply impossible for any vessel to
make head against the wind and sea of these storms. If they wish to get out of the barbour to
ride out the cycloue at sea, they must leave it at the first premonitory signs of its approach,
which are generally unmistakeable. Ouace the storm has fairly set in, the ships then in the
harbour must trust to their moorings and to them only for safety.

2. If the force of the waves rolling in from seaward be effectually broken by the break-

‘waters, and the water in the harbonr be no rougher than the wind acting on its limited area

could make it, I for my part fail to see altogether what special risks ships attached to secure
moorings, with their top hamper lowered, would run from the wind alone.

3. 1t bas been my lot to bein two cyclones in Calcutta Snd one at sea. The first
cyclone in Calcutta did immense damage to the shippiug, owing entirely, in my opinion, to the
defective moorings. Numbers of ships broke loose and drifted up and down the river till they
were sunk by collisions with others or were finally lodged on the banks. A larger number still
were sunk at their moorings, being cut down by the drifting vesseld,

4. Before the second cyclone occurred the moorings had all been renew;d, and though it
was quite as severe as the first, the shipping scarcely euffered at all, though almost all the»
boats, as on the previous occasion, were destroyed. Wind alone won’t sink a ship properly
moored and in good trim, though heavy breakers without wind may. 1f then the breakers can
be kept out of the harbeur and proper moorings provided within it, ‘every seaworthy ship
should be able to ride out a cyclone in perfect safety.

5. What is wanted, therefore, for the Madras harbour is—

Ist—A form of entrance which will not allow the heavy rollers from the bay access to
the interior in any weather.
2nd—Sufficient height and strength of break-waters effectually to do the same.
3rd—Good moorings for the ships inside. If the entrance is also such that vessels may
safely gu in and out in ordinary monsoon weather, I do not see that anything
more ia either wanted or attainable. But to achieve so much, I would not
shrink from expending £200,000 or £300,000 additional. ~ Safe harbours are as
much a want of the country as improved internal communications; and as the
Government grudges nothing spent on the latter, it should equally little grudge
| expenditure on the former, which are practically only places for the transfer of
~ goods from land to sea carriage, and vice verss, en route to their ultimate desti-
nations. - ‘ '
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Enclosure to above note, being extract trom remarks made by J. Scorr Rrsser, Esq., M. Inst, C. E., (Vol. XIX,
page 653, 1860),

» hd * » Now, in deep water, there were not only the osrillating surfuce warves to be encoun-

tered, but also those which he had termed waves of translution, forming whas were called rollers at the Cape of
Good Hope, and, when on a smaller scale, known as ground swell.  These were a much more troublesome class of
waves ; it was mainly with them that the engincer Liad to deal in places open to the Atlantio: and after a storm
of sore duration at sea, they became the deadliest enemies, in the cases of deep water, against which break. waters
for harbours of refuge had to contend * « & & o )

To reflect or send back the roller was the most eflectual plan.  For this purpose, nothing more was necessary
than a deep perpendicular face of perfoct masonry, and so long as it stood firm it was faultless, and the water
inside was sgooth us in a mill-pond : for the retlection really converted the whole effect of the rollor on itself into
a sitple pressure of water. When such a wave was reflocted on a perpendicular wall, it merely produced a
hydraulic pressure equal to that due to little more than double its own height, * #% ® & & Ay
inclined wall, he had ascertained, wonld reflect a roller or deep wave nearly as well as a vertical wall dowa to an
inclivation of 48%.  This observation was of valuo, becanse at 43’ large blocks judiciously placed would not move
out of position, even although a considerable hreach was made in the wall near them.  He'had carcfully watched
the action of the sea when approaching this slope, and his opinion was favourable to the trial of n wall of heavy
rubble blocks fairly laid, so as to form a tolerably cven face or slope of 45°, when the nature of the materials
and the local circumstances would permit.

When any approximative attempt at reflection of the wave, by walls not too remote from the vertical, had to
be abandoned, recourse must generally be had to brenking the wave ; tAis was u formiduble thing to altempt on
a deep-sen roller, and it could only be dune by oppusing muss to mass.

Frow Lirereyant J. H. Tavior, B.N.R., Master Attendant, Madras, to the Chief Secrotary to Government,
Madras, enclosing eight opinions from nautical men on the question of the entrance to the Madras Har-
bour,—No. 43564, dated Madras, 6th May 188t

1 must beg leave respectiully to apologise for addressing Government on a point of which
I have no ofticial knowledge, but the reports of which have renched me from sources that seem
reliable. L bear that the restoration of the harbour of Madras is to be carried ont with the
omission of the one great alteration that will alone give any resl value to it—I mean the
closing of the eastern eutrance.

2. Smooth water, upon which the whole comfort of the interior and the only chance of
improvement in ioterior arrangements depend, will never be obtained, and Mudras will be
condemued to perpetual inferiority as a harbour, after so much will have been spent upon it. I
would, with deep respect, but all the urgency that language can convey, implore His Ex-
cellency in Council not to accept such a conclusion until, at all events, the sense of the commu;
nity has been sought, and its concurrence obtained. Every recurring storm, or presence of
cyclone-wave in the neighbourhood of Madras, will repeat all the injuries that we witnessed on
the occasion of the sex of November 18%1. The ses that came through the east opening on
that occasion destroyed the newly commenced low-level jetties, wrecked all the lighters, and
vommitted general havoc on the beach among all classes of boats, before the walls showed any
disposition to fall. His Excellency the Governor may poerhaps remember that I waited upon
him about 11 o’clock to report upon the weather, and that T reported the walls secure, but the
datonge above mentioned committed. Tt was on my 1eturn to the Leach that 1 was an eves
witpess of the very commgncement of the work of destzuction.  The strongest portion of the
wally, 1.2, eash sidz of entrance of Tour blocks wile was the first to o, unmistukeably owing to
the wea aud ourrent rashing ronnd them and attacking on two faces at onee.  IF this fearfui
blunder is not remedied now that an opportunity provideutially offers iteell, the last chance of
a useful harbvar for Madras 1s thrown away.

3. 1 know Mr. Thorowgood cordially endorses these opinions, though dilicacy towards s
Chief interferes witlt their expresaion ; but no seutiment ought to be allowed o interfere where
sich cuormous public interests ure concerned.

4. T am also wld that the east opening is adhered to fron uaatieal reasons.  This ia entirely
epposed to tuct,  All commaunders of vessels who have been consulted, and that includes
nearly all thut have visited Madras since the accideut, approve entirely the alteration from
every point of nautical convetience. 1 submitted some of the chief opinions, but I could have
vollected hundreds, ail giving testimony of the same nature.

5. The public are now committed to a tax upon the understanding that they will have a
sufficient harbour; but I distinctly dave to assert they will never huve one worth the name, or
worth anything like the amount, unless smooth water is secured. Then all the conveniences of
a harbour will scon follow, and few ports bo in a better position than Madras. If no lesson i®
to be learnt from the destruction before us, correction for the fault will fall upon the innocent
publie, who, I respectfully submit, should be invited in some way to express an opiniof: upon a
puint of such vital importance to their future interests. The guestion s not one of engineering,
where the judzment of such men as Sir John Hawksbaw, Siv Joun Coode, &c¢, is unassailable,

.+ wigh, with many thanks,

<

CONSTRUCTION OF MADRAS HARBOUR. 124 185

but is one of observation and experience in a perfectly novel situation. Observation convinces
all who weve witnesses of the former accident that the east opening is a fatal defect, and all

~ experience teaches.us that the sand on this coast is not to be depended on for a single season
for the support of regular work like the upright wall.

" 6. Public feeling will, no doubt, be strongly excited when it is generally known that the
anxiously expected harbovr is only an unsatisfactery compromise, and that without any appre-
ciable saving in money, they wiil be called upon to abandon the prospect they have had of

. doeks, jetties, and countless advantages which the plan of the Madras Committee would bhave
sectired to the port. -
7. T have marked this confidential, but of course that is only to secure the first consider-
ation by Government. The facts will soon be patent and open to public coniroversy. 1 can
“write in officially if desired, and append the opinious of all my department,

4 R .

From LiroTENANT J. H. Tavroz, R N.R,, Master Attendant, to the Acting Chief Secretary to Government,
. . Madras,—No. 8607, dated Madras, 4th S8eptember 1883.

"1 bave the honour to forward, as desired, the opinious of the nautical men upon the proposed
‘olosing of the east entrance of the harbour, and opening one to the north. The opinions are
+all strongly in favour.of the plan, and are all by men of great experience and good position.

I could, of course, continue the collection, but the result would be the same, while much vala-

able time would be wasted. There can be no doubt that the change would be good in every .
- way, and the smooth water thus obtained; and the security offered by a wall, as recommended
by the Madras Committee appointed in G. O., Public Works Department, No. 1259W., dated
$0th April 1883, would be of incalculable advantage to the port, and admit of immediate beach
improvements for landing and shipping. - B

*

. From A. B. Barrow, an., Commander, P. and 0. 8.8. Paramatta, to the Master Attendant, Madras,~—dated
: . 1st August 1883,

1 have read with much interest the reports of the Loeal and Home Committess on the
recgustruction of the harhour of Madras, with which you were good enough to furnish wme,
having had considerable personal experience of the port for upwards of thirty years.
On the particular poiut upon which you wish for my opinion, namely, the closing of the
present entrance to the harbour .and the opening of one in the north-eust angle of the north
- -a¢m.'so far from seeing any objection to it, I think it will be n positive advantage, as in my
* opinion it will be equally casy of ingress and egress with the present one, and will give a larger
-.aren of deep water Tor mooring large vessels, and will, I think, under all conditions render the

water inside the harbour much smoother thamsit ever is at present. I return the reports, here-

-

From J, 8. Mcrray, Esq., Commander of the P. and O, 8.8, Skannon, to the Master Attendant, Madras,—dated
. 5th Algust 1583, N

- 'L bave read with much intercst the papers relating to the Madras Harbour, and having
clogely studied the plans, I have come to the conclusion that the plan proposed for its recon.
attuction by the Committee of June 1883 is the very best that ean be undertaken, and that,

hile:giving larger accommodation for shipping than ever before, it will ensure what was
c 't 10 the old scheime, viz., shelter and protection in eyclonic weather.®
-For obvigus Feasons the new entrance must be to the northward; and there can be no
% guestion about closing the present one. _ :

/¥ would venture to suggest that there should be no stint in the protecting arm for the new
ace, and thwt it-should be carried out more northerly than westerly. :

- _

W. A. Borxirt, Esq., Master, B.I.S.N..Cb.’s‘s.s. Dacea, to the Master Attendant, Madras,—dated 10th

,_ : August 1883, . ’

'~ T have looked over the plan for reconstructing the Madras Harbour, and think it an excel-

ent idea closing up the present entrance, and having the new one at the north-east corner, and

hen'the wall of the break-water is built higher, wo ought to have perfecily smooth w;é'er

harbour ought also te be able to give accommodation to several more steamers, and I don’t

: why it shonld not be able to give protection to ships in case of a cyclone; in fact, the

| I,gggem; plan is the first which has caused me to believe in the utility of « Madras harbour.

2
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From . G, Stap, Lay., Cswmander, 8.8, Kaisers-Hind. to the Master Attendant, Madras,—dated J4th
Angast 1883,

T have looleed over the plans for the reconstenetion of the Madras break-water, and most
certainly think the closing up of the present cntrance the very best that conld he done, and the
only plan by which smooth water can be Tooked for inside the harbour, which would then have
greatly inereased accommadation for mare vessels, aned with perleet safety.

The northern entrance would be quite as easy of ingres< and egress, and to steamers
preferring putting to sew on an approaching cyclone have perhaps loss dithienlty in'gvttiug out
than Lhryu;h the present entrance, with possibly a gale of wind frem uorth blowing tull on ber
hroadside.

.
From R. 8. Tvexeg, Esg. Commander 8.8, Buoldans, to the Muster Attendant, Madrss-~dated 15th August
1382,

With reference to your request for my opinton regarding the pmpos:‘d alteration in the
Madras Hucbour, T am of a most devided opinion that the only way in which cmooth water and
tnereased accotnmodation for shipping can be obtained i by closing the present entrance and
making a new onc at the outer eud of the north pier. I cannot see why an entrance there
should not, at all seasons, be as accessible as the present one.

The arm to protect the northern entranee, 1 think, should be curved Zike an arm towards
‘the shore o protect the entrance from the uorth-cast sea as mneb as possible, withont interfer. s
ing with the vavigation.

My cxperience of the coast iy twenty yours in the British India Steam Navigation Com-
pany’s sarvice,

From J. Dorr, Esq., 8.8, ke of Sutherland, to the Master Attendant, Madras,—~datad st Septembor 1883,

With regard to the reconstruction of Madras Harbour, I bug to state that, in my opinion;
to engure despateh in working cargo, and alzo safety in epelonic weather, it is absolutely neces-
sary that the present entrance should be closed, and a new one opened 5 from local circum-
stances this must be at the north side, with a protecting arm.  This would give raom for more
vessels, and if the break-water be raised, as proposed, give safety in a cyelone, vessels often
being untit to go to sea on short notice given.

From G. N. Hector, Esq., Master, 8.8, Curthage, to the Master Attendant, Mudrus,—dated 4th September 1888. .

I am obliged to you for a pernsal of the pluns now under constderation for the reconstrue-
tion of the Madras break-water. : ,

The proposed alteration of the entrance from ity present position to the north-cast angle
of the northern arm commends itself to my judgment., .

The advantages gained by this change will] 1 think, be—

Smooth water inside the harbour.

Increased moving space.

Less Liability to accident to vessels entering or leaving the harbour.
Probably less difliculty to vessels putting to sca in Lad weather.

Despateh from the Secrctary .cf State for Tudin, to the Government of India, r.cplying ter certain objections to the
proposed plun of restoring the Madran Harbour Works,—No, 36 1. W.., dated 25th September 1884,
Your Excellency’s Public Works letter No. 32, dated 4th July 1584

Madras Harbour "Works, bas received my consideration in Council.

2. Your ExceHe.ncy forwards a communication addressed to you by the Government ot
Madra.s., toge-tbezj with a let?er fram th.e Chairman of the Madras Chamber of Commerce,
reiterating ob_]ectwns‘tn certain features in the plan of restoration of the harbour works -
settled by the Committee to whom the matter had been specially referred in this country, andl .
you state that you coucur generally in the views held by the Madras Guvernment. :

3. It is recognized by every one that the chief objects which have to be kept in view ig
carrying out the works of restoration are, (1) the structurl stability of the pier walls, (2) the:’
selection of the best position for the entrance, in view to praviding a safe and ensy ingress and
egress for ships, and (3} the security and accommodation to be given to shipping, especially.
local eraft, by obtaining stiller water within the harbour, C

4. It is to the position of the entrance to the harbour advocated by the Committee, and to ;
its mpposed unfavourable effect on the stillness of the water within, that the objections tlkﬂl\;“
by local upision appear to apply, and T have unxionsly considered shat course I should follow &
io consequence of thus much to be regretted divergencs of judgment. ' 1

» on the subject of the

. .difference, and when I thonght there was reason for deing so, I have not scru
_the dimensions given by the Committee, and to introduce some additional precautious.
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5. The engineering questions discussed in the correspondence now forwarded to me have

* been so recently imvestigated a second time by Sir John Hawksliaw’s Commitiee, the enginocer

members of which are regarded among the greatest living authorities on works of the de-
scriptionbir'l question, and whﬁvere in possession of, and carefully considered, all the views
befdre expressed by the authorities at Madras and of vour own professional udvisers, to which
I cannot find that any argument or stateraent of fact have now been udded; that, without un-
derrating the value of locat knowledge and opinions, T bave felt that it would be useless again
to ask the Committee to reconsider their recommendations. )

8. It appeared to me that, after consulting the best authorities available on the subject,
no cheice was left to me but to aveept their decision on the question raised, the whole of which
are of an eminently technical nature, aud trustw.rthy opinions en which ean only "be formed
upon prolonged and extensive experience such as that possessed by Sir John Hawkshaw and
8ir J. Coode, and in my despatch No. 23 of 244h April Jast, T informed Your Excellency fhat
this was the couelusion at which I had arrived, aud I am not now able to see any sufficient
reason for changing it. .

7. In the accompanying report® which Mr, Parkes, in communication with Mr, Thouow-’
good, has made on the subject of future operaticns, he ex-
-presses conaurgence with the conclusions of the Committee.
He points out that the large vessels.should have no diffienlty in” getting out to sca when a
severe storm is threatened, and that of the approach of sueh storms timely warning ean he, and
in fact always has been, given, while, as regards the smaller craft, he is of opiniou that the pro-
vision of floating docka or basine, which he shows might-be formed on the land reclaimed on
the south side of the harlour, would protect them from danger. Nor is it anticipated that, in
ordinary weathet, the quietude of the water within the harbour would be better secured by
chaunge in .the entrance. These suggestiohs arc in conformity with the views expressed in the
report of $ir John Hawkshaw’s Committee, and, if acted upon judiciously, appear to offer a
means hy which to accomplish the object squght without changing the position of the entrance.
Mr. Thorowgood, who is in full possession of Mr. Parkes’ views, and of the reasons which
have Jed him and the Committce to adhere to the eastern enwance, has already started on his
woturn to Madrus, and will be able to furnish the authorities there with any addRional parti-
culars. they.may require, and it is to be hcped that couflicting wiews may be reconciled by
turther discussion. Meanwhile, the plan of operations which Mr. Parkes has proposed will not
preclude the further consideration of the position of the entranee of the harbour for several
months at least, and possibly for auother working season, and his plies (hould be followed
generally, on the nnderstunding that if any additional facts or urguments are adduced bearing
on the question of the entrunce which appear of sutficient weight to justify the step, a further
reference to enginoering authority in this conutry may become desirable.

- Pwo titin cranes. 8. In the meantime,'the machinery noted in the margin
One crana travelling wavo-breaker.  has been ordered, and will be despatehed to Madrus.

9. With regard to the estimates which form the appendices ta Mr. Parkes’ letter, 1 beg
that they may be examined, and that [ may be duly informed whether they are such as may
be accepted. ' ¢

* Dated 21st August 1884

.

Report by W. Patkes, Eaq., Chief Enginecr, Madras Harbour Works,e-dated 21st Aungust 1884,

In the concluding paragraph of my letter to you, dated 5th July last.,.I stated that I was
preparing a report, in which I proposed to deal with the various questions which have ace
cumulated in the last two years, aud which would include a~more detailed explanation and
estimate of the proposed works of restoration, together with a cJaseified statement of the oper-

-ations carried on, and the expenditure incurred dpiring the period of the. °general suspension of

work. I have now the honour to submit that report. . : o
2. I will begin with the proposed works of vestoration. = The general charaeter and extent
of these works will be as laid down in the first joint report of the Commistee, consisting of

8ir John Hawkshaw, Sir Jobhn Coode, and Professor Stokes, dated 23rd January 1883, which I

‘.‘aécept 88 my implied ingtructions. But the proposals ¥ am about to subniit are the result of a
. carefu] reconsideration of the existing state of the works, based-on. records| of later date than

those laid before the Commitice above mentioned, and aiced by personal gonference with Mr,
Thorowgood. The details of the new work have been independently designkd, but where my
conclusions differed from those of the Committee, I have carefully investigated the grounds of

to -increase

8. There are on the other hand one.or two features of the Committee’s plan of which I ‘

= ‘T‘-,fthink it only right to state that T am not myself satisfied of the necessity, but I have included

z1
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ty own design and estimate in deference to the opinion of the Committee. They are
the exeention of which no immediate provizion ean be made, and if 1 feel it my duty
ture time to raise the question of their beinw earvied into exceution, it will be iv con-
' sume slaofivite confirmasion of my preseut doubts.
1 the wcoompunying general plan of the harbour, (o a seale of 200 feet to an inch, the
s ave shofvn i red, and on the sheet of cross-sections the character of the work at the
ointa is shown.
munenciny with the shore end of the north pier, and noting that the numbers
che distanes 1u feet from the point B, the first eross-section from 200 to 230 show
pn regiered tooa special wealk peint. Tt is stply vhe continuation of o lorm of
which was applied 1o 1377 a3 tar us 290, and was so far very offective.  There was
e no vecasion fo carry 16 further, bat the rabble fureshiore has since been worn away
wn of the sea, and reqaites fecding wul protection.  This is shown, not only by the
being rather bare i front of the wall, but also by the fuct of the gentre Joint having
encd o littie, which indicates a settlement, It will be seen by the section that the
aure 1 only two blocks high at this part, so that it is fouuded at a depth at which
of the sca ie considerable, and a wile sloping foreshore s the only profection.
¢ site of this special protection the superstructure is three blocks high, and founded at
wvel.  The proteetive work consists of a rubble bauk 50 feet long und 22 feet wide at

d tapered ot at either cod for a larther length of 40 feet.  Ou the top of this rubble
ie blocks, euch 8 fect X 9 feet x 6 fret, and weighing 50 tons, will be built, during
i three months, when the wind and seu may be expeeted to be invariably from the

The northerly seas of the next north-cast monsoon will wash down the rubble
the conercte blocks will drop nad form a faciug for the submerged foreshore, as was
with «inplar work o 1477, As this work can be done with appliances now on the

it is of importance to carry it out during the present season, aud as it way fairly bé
included 1w the sanetion already given for the protection of existing works, Mr.
has been instructed to proceed with it. Two thousand and five hundred tons of

2%8 culic yards of conerete blocks will Le required, and the cost will be about R7,500.
e above work will occupy the length from J80 to 290. In the remainder of the
nn 0 to 400, all that is required is to fill up the existing foreshore with a little addi-
e ax may be required. This is in accorlance with Scetion 1 of the Committec,

101 the line of continnous protection by random blocks will eoinmence, hut from
it will be of gradually inereasing dimensions, from a siugle block laid ngainst the
¢ owall at 400 to a mound, 26 feet wide at the level of high water at 900, Within
1 the depth of water 13 such that any waves of sutlictent heioht to bo formidable will

Broken actsrle e wowave-breaker, ax such, 19 oot requived, Al that is roquired
don achinst the seour of the foreshore.

900, where the depth at high water is 25 fect, and from thenee cutwards, the dimen-
he wave-breaker are intended to hbe such as to prevent the blow of the wave from
h its maximwm force on the superstructure. What these dimensions should be are
ainnble, so far as 1 am aware, by uny vecognized rule, whether based on theory or

1t is a matter in which cach eugineer must use his own judgment, and mine,
he Lest gata [ ant acquainted with, would give rather ereater dimeusions than those
the Cowmittee.  The difference so fur ns cost is eoncernied is not very yreat. - If the
were made by inereasing the quantity of concrete blucks, the inerease of cost would

Iakh and 4 half, batf made (as T thivk wmay Le done without auy infringement of
ial principles lud dJown by the Comnmittee) by forming the terior of the mound of
le, the inorease of cost would Lo only haif a Jukh, 1 think I am justified in asking
nment to synetion this modification of the design, so that it may cover my own ¢on-
' the required conditions of stability, but I shall, of course, be prepared to submit my
s-to further consideration if it iy considered desirable to do so.
will bee understood then that the following dimensions for the wave-brenker are
excess of thoso shown by the Committee, hut the exoess is ohtained by forming &
lurge rulble against the face of the wall und covering it with blocks. This large
be deposited immediately before the blocks, so that it may not be cxposed to the
o sea before being covered with bloeks.

900 teet. then, as befure said, the width of wave-Lreaker at ineh water (taken as
hove De Haviland’s mean sea-level) will bo 20 feet, and the width will gradualiy
28 feet at 2,200 {sev sections at these points).  The bloeks will be allowed to form

slope to scaward, cach blagk heing sinply carrted out by the wave-breaker crane to

d distance and dropped into the sea, till the mound has reached the, required Leight,
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If future storms should draw the mound down to a flatter slope, more blocks will have to be
added to maintain the designed width at high-water level. The slope of 1} to 1 shown on the
sections is that at whieh 1t is anti cipated the mound will be ultimately permanent in form, but
this, of course, caunat be guaranteed. .

11. The point 2,200 is the limit to which the existing work can be utilised as a built
stiucture. Since the storm of November 1881 the upper blocks have been tied together with
pieces of bent railway bars cemented into them, and the top has been levelled with concrete,
Nothing more will be done till, as a final operation, after the whole fangth of the piers shall
have been completed, the capping of concrete, iu mass about six feet high, recomraended by
the Committce is placed upon it. .

12. From this point forwards the system of construction will be in a certain sense
reversed. . Instead of placing a new wave-breaker in front of the old work, the old work will
be treated as part of the wave-breaker, and a new wall constructed inside it. By this arrange-
ment the old work will be utilised to the fullest extent, while in the execution of the new work
the elements of uncertainty will be reduced to a minimum. It will be a continuance of the
system of work hitherto carried on with much success as an executive operation, and of which
the cost is well known. Some modifications and some special works, however, il have to be
introduced, which to a small extent will involve new conditions.

13. The mode of passing from one system to the other is shown upon the plan. The old
building is standing complete to 2,200, and from that point the new building will com-
mence as 4 complete scction, but in order to form a continuous line along which the setting
machines and the blocks and other materials chn pass without interruption, it is proposed to
build a wall 12 feet wide for a length of 160 feet back, starting at 2,040, This wall will curve
away from the old wall (the rpace between the two being filled in with rubble and concrete)
till sufficient spuce is guined to build the section to the full width of 24 feet.

14. The new building will be of the same general character and dimenrsions as its prede-

, cessor, but there will be some modifications of detail. The original building consisted of two

icdependent walls pluced in contact, but not tied together. It is recommended that for the
future the blocks shonld be bonded together, so as to form one wall, and in this recommenda-
sion I concur, The unbonded system has great advantages in eomparatively shallow water, in
which the waves have little effect on the blocks themselves, but much on the foundations, while
in deeper wuter the action of the sea on the foundations is less, but that on the Wlocks them-
selves is greater, and this fact turns the scule in fuvour of bond for the outer portions of the
piers, At the same time the bond rather increases in some respects the difficnlties ingeparable
from a compressible foundation, and new difficulties are introduced by the special circumstances
of the case.

15, It will be seen from the sections that the ncw rabble base will be deposited over the
inner slope of the cld, and upon that slope some of the overthrown blocks are lying. Al the
blocks which lie nnder the line of the new building will have to be removed;” either bodily or
by blasting, for if they are allowed to remain, they will cause in%qinalities in the settlement,
which will be highly injurious to the superstructure above, 1In order t4 avoid these blocks as
wuch as possible, 1 have inereased the distance at which the Committee proposed to place the
mew pier from the old one by 9 feet, and this will also plgce the ling of new building mor¢ clear
of the old rubble. ' ‘ . a

16. But even with these precautions of removing the old blocks, and increasing the
distance from the old work, there will still be a greater liability than there was in the original *
work to nnequal settlement. The sea-side of the new building will still partially rest on the
old rubble, which has been consolidated by four or five years’ exposure Jo the sea. The new
rabble will be in the same position as the old wae when first built upons that is, it will be
liable to be compressed to the extent of a foot or 18 inches within a few hours after the weight
of the blocks is placed upon it, and to a slower settlement subsequently extendiag over rhbnths,
and pei-haps years. This latter slow process of eeftlement, however, is not iujurious to the
work. But the first is s0; it subjects the blocks to great and irregular strains, and is, I think,
the most froitful canse of many of the original blocks having been broken., The evils would
be materially aggravated by the fact of one side being more liable to settlement than the
other. ) o

17. It is, however, possible maierially to reduce these evils, if not to prevent them altoge-
ther, and it is progoscd to do this by subjecting each length of bed after it is prepared by the
divers, and before the blocks are set to u compression rather greater than that of the blocks
themselves. This will be accomplished by placing in front of the work a pile of iron (0ld rails,
with the interstices filled up with cheap cast-iron bars), covering the same area as 8 row of
blocks; sund baving a weight rather greater than that of the blocks. This compressor ” will
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he moved forward in wdvanee of the building by the titan. 1, after its remaval, it is [ound
to have compressed a bed unequally, the hollow parts will be fitted up with saitable flat pieces
of stone hefore the blocks are set.
15, T proyost to introducy another departare from the origmal design, which will also
drorgish the eviiy of settlement. T the ovimiual wark the fonndation blocks were 6 feet
high, and above this there woere theee eourses of bloeks, rarh 8 fect Ligh, the whole beng
4% feet wide, It ix intended vow o use blocks 6 feet bigh and 8 feet wide, of which there
will be five courses, e ‘umn(r the fonndation conrse. FThese blocks will be tronger than those
4% {eet wide, and Jess lalde to break. 'There 1s alzo the ineidental advantage that the tron
comurossare would have to be advanced in stages of 6 feet instead of 4} fect, and this would
accorit better with u faic rate of progress of oue row per dny.,
o 19, It will be seen by the cross seetions that the foundation eoursa consists of two
blocks of equal length (each V4 feet), the upper courses of blocks of 14 and 10 feet alternately
breaking joint. Thus, the foundation course will not Le londed.  The reagon for this is that
there would be a practical difliculty in manipnlating both the 16 feet and the 12 fect blocks
that situation. 1 poivted ont these diffienities to the Committee, and obtained their concar-
vence to this small departore iromn their recommendation. The tmportsuee of bonding s
greatest in the top course, and diminishes in descending, In the hottom conrse it is practically wif.
20, The blocks will be farther lacked tooether by means of 4 projection on the top of
one block fitting tuto a eorvespanding recess in the bottom of the block above.  This prneiple
was adepted in the original worl, and was certainiy suceesstul in preventing the blocks from
shding on oue another, as they had been fonnd to do at Kurrachre and elsewhere. o the
present case a connection of a sunitar kind will be made between the ends of the 11 feet blocks
oo gne side with the ends of the 1k [est bloeks in the conmses nbout sud bLelow on the other
side, which overlup them, and there will also be hullows and projections on a somewhat similar
prineiple in the bucks and faces of the two top courses, thus giving additional ties throughout
the whole width, A further tie will be given by wmeans of u bent rail cemented into the two
blacks of the top conrse in every row, bur the crany which is shown in the Conmiiblee’s see-
tions iu the seeond course from the tnp may, I think, be dizpensed with, in consideration ol the
additiona] ties provided by the projections and hollows in the blocks thewselves.  The eramp
could be only very imperfectly fixed, as it would be constantly in the wash of the sen, and the
necessity of fizing it before sebting the top course would be a serious vhstrnetion to the work.
21, There will be un interval of about 45 feet between the face of the new wull and the
buck of the old one, and iu this space the greal bulk of the overthrown blocka are lying. The
remainder of the space will he filled up with random blocks to form the wave-breaker, of which
the remains of the old work will formt the sca slupe.  Any of the old blocks of “the twe upper
courses that remain in place will be removed to the body of the wave-bLreuker so as to leave the
sea-(ace fairly uniform. The two lower eourses of the sea-wall at any rate are very nearly
perfect, and wili forin a continuons toe to the slope of the wave-breaker very wmunch as shown in
the average section from 2,600 to 3,500,
e 22, There are uow in stock 800 blocks which will be available {or use in the wave-breaker.
They are unot of the best form for the purpose, but they will be used in the under-parts
where this is not of consequence.  About 6,000 udditional blocks willbe required to complete
the wave-breakers; and there will be mnfm‘mly B feet x 9 feet x 6 feet, and weigh 30 tons
cach. :
25. The same system of work will be continued to the pter head, but the new built work
will be curved round as shown ou the plan, &0 a8 to avoid a great mass of {ullen blycka among
which the “titun ™ js lying.embedded, and also to obtain an entircly new feundation for the
additional 50 feet of length requived lo obtain the narrower entrance. The old pler head is
standivg with the Jqwer conrses almost perfect, the interval hetween the ends of the old and
the new work will be built up with a solid wall of concrute biocks, and the cnclosed space behind
filled in with random bloeks.  The last 200 feet of the new pier, including  the portion facing

the enirance, will be made 338 leet wide, instead of 24 [vet, and will be founded 12 feet lower -

than that within the harbour, or 34 feet below mean sea-level. Its toe will Le protected by an
apron of concrete blocks laid on the foreshore.

24. The work at the south pier will be generally similar to that at the north, except that,

in consequence of the advance of sand, the protection works need not be commenced so near
the shore, and there is no place requiring special protection lke that proposed for from 200 to
.250 at the north pier. There has Leen some advance of the sand since the date of the latest
survey (1882), and' in execution rather less work will be required thanis shown upon the
accompanying plan and sections, but for the present I have thought it better to base my esti-
mates on the latest complete survey,
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25. According to this then the protection by concrete blocks will commence at 1,007, and

will gradually increaso up to a high-water width of 20 feet at 1,300, where the depth at high
-water ig 20 feet, It then continues with the width gradually increasing to 28 feet at 2,550,

up to which point the cnstm;z; pier is perfect

26. At 2,550 the new .pier commencéds, heing connected with the emstmu- work in the
same manner as at the north pier, and is carried on to the head with ounly such yariations as
the different cirenrastances 1equile. The line shown on the plan passes between the overthrown
blocks and the titan. The titan is not in this case encumbered with blocks, aud can be re-

- moved by blasting if it should be necessary to 8o so. ‘The new head will be conneéted with the

old ove in the same manner as at the north pier. The difference iu the form of the two heads
is rendered necessary by the different positions of the fallen titans, but there is no ob;}ectmn to
it, as it will be scarcely noticeable from’ any accessible point of view.

27. I estimate that the above works will requize 8} years from the re-commencement of
block-setting in June next, or till about the end of 1888. The estimated cost is R15,90,051,
inclnding 74 per cent, for establishment, and 2% for contingencies, but this estimate does
not give a basis for determining the total cost of the harbour as completely restored, without
taking into account the PXp&Ddltlﬂ'e gince the storm of November 18%1, and the relation
of that expenditure to the previous outlay on the one hand, and to the future oitlay on the
other, I shall show (in para. 42 post) that a sum of K2,96,334 bas been already expended
on works and materials included in this estimate,

28. The total expenditure up to 31at October 1881 was R5‘3 172,082, including R1,53,945
expended in the purchase and partial fixing of moorings which were the subject of a &ifforent
sauction from that of the harbour works proper. It also included the value of certain mate~
rials which had been acquired for the completion of the work and are still available,

29. Between 31st October 1881 and 80th April 1884, R9,08,088 have been expended,
and regular monthly statements, purporting to account for the details of this expenditure, have
been regularly submitted to Government, but as, in conformity with the inflexible rule of the
Public Works Department system, all charges are referred to heads for which there is a corre-
sponding sanctioned estimale, the accounts would show that expenditure has gone on increasing
for works to which no addition has been made. It is obvious that the present form of the
accounts can ouly be viewed as provisioual, and that any real cxplanation of the expenditure
must be based on an entire re-arrangement of the statement.

30. At my request Mr. ’l‘horo,wgood has made such a re-arrangement, of which I append
a copy (Appendix A). From this it would appear that the total expenditure may be classed
as follows i . ‘

£

1. Actual work, and purchase of materials for work " . 443972
2. Purchase of land threatened with erosion, and compenntxon for land washed

away . . . T . "2,58076

3. Establishment, snd salanes of foremen under agroement . . . . 206,041

* e .
9,08,088
g — 1
o . .

But as the first and second of these items were incurred under the superintendence of the
harbour works’ staff, thoy should bear their fair charge for the cost of such, which I place at
10 per cent. for the first, and the sum of R8,650 (the actual salaries of the pcrsons employed)
for the second. With these correctxons the items would stand thus—

‘ . . ‘o £
' 1. Aotual work, &c. . . . . . . . . - vo - 488,369
3. Purchaso of land, &o. - . . . . . 2,64,725.
3. Establishment. Cost during snspennwn of vork . . . . 1,54994
' o .+ 908088

v s SR S

31. Now, I would submit that the last two of these items, although falrlv debitable to
the harbour snderiaking, are not fau'ly chnfgeable to the works, and should be kept distinet in
any statement of expenditure. I shall have occasion further on to explain the eircumstauces
uander which the outlay woder the second head was incurred, and T will ouly now eay that it
ought to appear in a statement of gain and loss of land, in which there is a credit as well ds a
debit gide.  With rega.rd to the third, I need only say that to add it o the item of ** Establish-

‘oent” in the aecounts of either the old or the new works could only mislead. I submit that

it should appear as an item by itself.
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32. There remains tn ‘be ‘accounted for the sum of R4$,43,972, or, including cost of
management, R4,88,369, littla more than half the totul of the oficial statement. This may
be classed under four heads, as ‘under—

P R
A. Stoue revetment for protection of shore nosth of harbour . - . . .. 113618
B. Expenditure debitable to the original design . . . . . L17.769
C. Exponditure consequent on the storm of November 1881 . . . . 39,509
D. Expenditure in anticipation of the restoration works . . . . . 173,076
X ' 43972

“~33. The first of these items is part of a total of R2,04,627 expended gn this objeet,
and hitherto charged to “ Contingencies.” I think it might fairly be placed in the same cate-

gory as the purchase of land, for which it is simply an alternative, but, at’any rate, it should .

bedkept apart as an exceptional item of vxpenditure.

34. Iten B cousists of R75,029 expended on levelling and chmpmfr the injured por-
tions of the piers, and this would bave been done even if the remaining portions of the work
bad not been damaged by the storm ; R15,328 is the expenditure on moorings in the month
of November 1831, previous to the storrn. The remainder of this item, H27,412 covers
116,013 expended on an extension of the town sewer at a spot more than half a mile from
the harbour, and chargeable to the harbour funds on rather questionable gmunds. This leaves
11,399 for various small contingent expenses.

35. 1tem C consists of R16,485 expended in clearing away the wrecks of the two hop-
per barges sunk in the storm, and this has to be reduced by more than hall of & sum of

R12,835 (the proceeds of a sale of the recovercd materials of the burges and some other

old materials not easily separable); 17,308 expended on the recovery, removal, painting, and
tarring and stowing away for future use of mooring materials ; and R5,221, repairs to private
property dumaged in the storm,

36. Ttem D cousists of H37,230 for new conercte Llocks, 858,079 for various repairs and
renewals of plant and machinery, and H27,767, the net increase in the value of unissued
stores and materials sincc November 1581.  The expenditure under this ll,(}m \D) are charges
against the estimate for the restoration works.

37. I have appended (Appendix B) a statement of the totnl expenditure from the com-
mencement of the works to 30th April lust, classificd under five principal heads, which I would
submit for adoption in future accounts. The following is a summary :—

Sanetioned Eatinate. Name of Aceount. . Expenditure
& 4
243,505,043 . . Oromal desige . . . . 56.87.810
2,00, . PR | l Mcorings L0689
. 1. Cost of cstabhchmt 't dunng suspension hf wurl\s . 1,354,994
? IV. Gawmn and lows of land . . . . - . 484114
V. Restoration works . . . . . . 246,834
” Total as per oflicial retarn . . 67,831,871

38. The first of these, I would suggest, may be considered a closed account. The official
statement of expenditure up to Mlst October 1881 has been amended by the addition of such
subsequent works ag are fairly debitable to the design, and by the removal from it of Lhtu‘ge
which must still be%kept open, some being transferred, as shown in the Appendix to Account
1V, and svne to Acceunt V, :

39. The second (moorings) must be kept open, but no further éxpenditore will be incurred
tili the restoration works are further advanced. An amended estimate, thoogh- not a very
large one, will then have to be submitted.

40. The third (cost of establishment durmg suspeusion of works) I would suggest should
be treated as a closed acconnt. A liberal allowance has been made for the ]eg-xtlmate cost of
supermtendeuce of such works as have been going on during the general nuspenmon, and the
sum of R1,54 984 is the remainder.

41. The fourth (gain and loss of land) I shall explain more fully further on, and show that
it should be treated from henceforth as ont side of a Dr. and Cr. aceount.

42. The fifth will be absorbed in the regular accounts of expenditure on the reetoration

works, and will appear uoder the proper heads. Sanction is asked for an estimate of

P45,90,051, against which this amount of 2,968,332 will be the first charge. The estimate
itsell, in the form wheeh 1 subuat for adoption, is given in Appendix C.
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18. I beg now to return to the subject abovenamed, the gain and loss of land.  This sub-
ject has been treated in former reports as the ““ sand difficulty ” and the “ changes of the coast
line,” but the two latter deseviptions are now imperfectly applicable to it, while the first reore-
sents the resuli which is now most promineut. -

44. Tt will be remembered that from the eommencement of the works it beeame manifest
that there wore movements of sand up and down the coast m epposite directions in the twe
monsoons, of which the movement from south to north during the sontii-west monsoon was the
greater. This movement being obstructed by the harbonr piers, the vesult was an annual ad-
vance of the shove Jine on the south of the harbour, and 1n anoual retreat of the same ou the
uorth, The plans shew the former 1n its successive steps for the last seven years. ’Eup‘n blue
line shows the most shoreward position of hiwh-water wark for the vear. i advances every

vear frow about Muareh to abaab Qutober, and thew revreais from Qetober to Mareh.  The rate
of inerement decreases with tor vegulavity from year to year, as the length of shove to be

covered and the depth of water (o be filled inerease. 1t is clear, on the oue hand, that there
is no indication of a Hmit to the advance, and on the other that, considering the decreasing
vatio in the rate of advanee, the time when it will be injurious to the harbour is still very. re-
mole. The.area of land gained from the sea up to the present time is 70 acres.

45. Withiu the harbour there has alee been an advance of the shore line, but this took
place almost entirely during the years 1878 and 1877, when the north pier formed the culy
barrier to the northerly movement, the south pier not having then advanced sufficiently %o
arrest it. Siuce the latter year there have been some variations in the positions of the high-
water line, due to local causes, but no persistent anuual Advance The avea of land gained
within the harbour is 18 acres.

46. To the mnorth of the harbour the result i 1s, as might be anticipated, the reverse of that
to the south. The preponderating vortherly movement of sand causes an annual erosion in-
stead of an accumulation. But the progress is much less regular. This is due to two causes,
the one natiiral, the other artificial. The natural cause is this. The sand within the influence
of the waves is subject to two distinet movements,—the alongshore movement due to the oblique
stroke of {he wave {and this is greatest in moderate weather), the vther a transverse movement
which is om or off shore according as the wind is off ur on shore.  Thus, the off shore wind in it-

‘self accumulative all along thc coAst acts with an accumulative alongshore movement to the

‘south, and an erosive movement to the north, and the on shore wind of the remainder of the
year, erosive all along the coast, acts with the erosive alongshore movement to the south, and
the accumulative to the north. Hence the forces are'in both seasons acting in concert to the
south, and iu opposition to the north, and the result is much greater irregularity in the annual
changes where they are in opposition.

47. The artificial cause of irregularity is that whenever erosion is mamfested protective
measures are naturally at once taken, aud these counteract the local erosion, even if they drive
1t to some other locality. As a whole, however, the protective mansares appear to have been
efficient, for while the gain of land to the south of the harbour has been, as alrcady stated, 70

‘acres, the Joss to the north has been only 41 acres, and this is, of course, entirely beyond thé

limit of the profective works.

48. For the above reasons the conelusions to be drawn from the xeoords of eroston north of
the harbour are much lcss definite thau those drawn from the records of thé accumulation to
the south, We know that erosion is going on, but both the rate of it and the locality for the
future are’ very uncertain. Nevert.belesn I think a provisiona] settlement has now been made
upon a tolerably satisfactory basis, and I would ask for a confirmation of it.

49, To explam the present state of the question I must go back to the early stages of the
work. The part of the shore affected extends for about two miles northward trom the
north pier. For three-quarters of a mile there was a made road along®the shore, and on the
landward side of this road stand in succession the Madras Railway Company’s Royapooram ter-
minus and offices, the Biden Seaman’s Home (these are shown on the plan), some merchant’s
godowns, a first elass bungalow and compound belonging to the late Honoutable J.: G. Cole-
man (lately purchased bv the Government), and a cluster of small brick-built pative houses.
Beyond this, there was na regular road, but the shore was occupied by hut villages, with few
permanent buildings and timber yards. A little inland are five second-class bungalows stand-
ing in compounds having 8 depth of some 400 fect, beyond which is a good road parallel with
the shore. . To the northward of the last of these bungalows is a native vxll.tge with a bazar,
but few permanent bmldmga, and beyond this, agneult,uml land.

50. As the north pwr sdvanced into the sea in 1878 the first cTects of erosion were felt
opposite the; ra.llway terminus. These were lmmedla*ely met by the deposit of stone and bags
of eoncrete, apd hrﬂe incon¥enience resulted. As the pier advanced further seaward, the local~

. 2 A
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ity ot erosion was thrown tucther to the northwzid, and the pretective works asstined the form

af a continunus store reveiment between the voad and the sea, and upon this had been ex-

pended up te 3kt Octabor 158] the soos of ROLOUO. It extended to a poiut 3,450 fect
© from the nocth prer, and little beyord Mr. Coleman’s property,

5). The starm of Novewber 1831 showed, as had been anticipated, that this revetment
required an addition of stone, as the first was worked into the <and by the action of the sea.
Some of the buildings cloza to the road were damaged, and were repuived at the expense of the
harbour works, but, on the whole, the resuits of the storm were not serious so far as the reveg-
ment extended.

52. But the question was now prominently presented.  How far is ths protective revet-
ment, to be earvied 2 Tt was effective as far as it went, but eostly, and it beeame evident that
it “would be pos<ible to spend more in protectine the land than the land itself was worth.  In
the early part of 15982, therefore, while at Madras, 1 investigated this question, and satisfied
myself that, though the revetment was fully justifinble as far-as b had gone, for up to thay
potut the evil of erosion would he even greater than the loss of the value of the Tand, this would
not be the ease much further on. 1 therefore recommended that the existing revetment
shoulil be strencthencd, and that it should be extended unorthwurds sufliciently to make :

fair junction with the new hue of shore, but that bevond that no further protestion should be |

atterapted. A1l the lund abutting on the shore for some two miles northward should be
purchased by Government, so that no further uestions of compensation to private owners
shonld arise,

53, These recommendations have since been eatried out. The revelment has been come
pleted and extended at a cost of RL 3,618, and 1R weres of land have becn purchased,
or its Joss compensated for, at a cost of Ji:l,-’;‘.{,-l?-’n, and these sums, together with the
ROL,009 spent en the original revetwent, and the cost of munarement, make np the s of
R4.82, 100 which T pnt forward 1o paragraph 37 as the debet side of the ** Gain aud Lioss
of Lund Account”’ ‘

Bt 1 have vow to show on what the eredit <ide of thiz acesunt will be bused, nnd winle
1 allow thad the great bulk of this is =6l in the fuoure, vet T suboet that the Laiger the opoen-
ing of the seeount i+ delayed the oreater will be the dilicalty iu estatli-uue .

55, 1 have wmentioned that 140 acres of Jand weve purchased 3 of theee 1 live been
washed away, so that 99 acres remain, The vents of these ave collveted wnd under present
orders nre to be credited to the harbone werks funds, Theee st any rute should be pliced i
the new aorgunt, ’ [} :

3%, Fhen thers have Leen wained withen G hiabour hmits, az stated n paragraph 49,
1% aeres of hindl A creat vart of s o been wlihzoad, and tve Givge godowus have Teen erocte
ed upou it by the Marine Department for port vevenue purposes. The vadae of - the aceommaon
dation thns oiven should be eredived to e same account, either by the et beine transierred
o the ALwme Department at e tair value, or by an annual pavient proporiioned to the use
apade of e fand, s prrment would vo donbt fnevease frome yoar to vear.,

37. To the senth of the hurbour 70 acres have been pained. The Comundssaniat Depurt-
ment kave appropyiated mr advaitasenns site, Whiteh, five yoars nge, was in the e, on whieh
a b;;ﬂ({:hg-, 20 fuet, };.', Y20 Lol has been crecied. Anoiber wiie has ey u;-p.mprmlcd n o
stmdar manscr by the Muriie Departipent, on which was erce tol a oahod for horses tanded
from ships, Other Leildiogs of the same and will no doubt follow, for the situation is u
valuable one, and thongh it is 0o deubt gratifying 1o see it aulized, it s sewewhat ineon-
siztent that the oatldy by which it has beeu zequired shioull be debited to cne Department,
and the returas erafited to another,

a8, The above are Government sppropnations, but private wndividuals wee nlso protiting
by the new site. The dealers whose timber yands north of the barbonr ween purchoed at 2
high pricgeout of hurbenr worke funds are ceeupying the pew Leacit south of the havhour tor
the swur purpose repdsfree, or if rent s pmd, i1 net eredited to the barbouyr works aecounts,

54, 1 s wall sware that iF reveune were eallecied Droin the sourees § jave indicated, it
would make b present bot a small show o compari<on with the expemgdiiture, bt it e cevtaio
that it wonbi wgee, and 1L ds also desirable that the pew Jand sheuld be reenguized as a
property Which hus Leen aequived by the Goverament, ab a cost of neady five lakhs of rupees,

and that seme conbrel should be exeveised aver s ocenpntion. 1 wonld wdd that 3 am about

Lo puint aut o made aof utilization of a portivn of a site which would ultimaiely add materially -

to ithe value ol ibe whola,

£0. 1 would vow bew to ralovit some remarks or the fulnee ntilization of the barbour,
which, althougiryher van only be followed up by definite recommendatione for iinmediate
zeliot to & small extent, are, 1 thiuk, especially called for at the presout time, because the
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‘subject has been lately under discussion from another point of view, A proposal had been
made to alter the position of the entrance, with the view of obtaining stiller water in the
harbour, but as this proposal was not approved by Sir John Hawkshaw, Sig John Coode, aud
Professor Stckes, on reference to them by the Secretary of State, it may now be considered
at an end. Itis only necessary for me to say that I concur iu their conelusion, and T only
refer to it now as giving a suitable occasion for pointing oiit what may be doue for improving
the accommodation of the harbour with the entrance in its present position.

61. The main points to be kept in view are— o

I—~The safety of ships.

II—The facility for loading and discharging cargo boats alongside the ships. *
J11—The facility for loading and distharging eargo boats at the shore,
I1VA—The safety of cargo boats and other local exaft in bad weather.

62. With regprd to the safety of ships, I think it is now generally understood, though
it'may be momewhat inconsistent with the popular ideas upon the subject, that a hgbour may
be very useful, even though it may not be a place of absolute safety in the heaviest storms.
If Madras were a terminal port, such as London or Liverpool, or even Caleutta or Bombay,
the want of absolute safety would be a seriods drawback, but Madras is essentially a port of
call, where ships only remain for a day or two, and are never dismantled. A steamer’s fires -
are never let out during her stay in the port, and no sailing ship would ever be admitted,
unless in very settled weather, without every facility being provided for her leaving at an
hour’s notice, and in any wind. To be caught in a cyclone at Madras, therefore, is no more
than to be caught in a cyclone in mid-ocean, provided always that the ship can get to sea.
This then is the provision that is wanted, and not a safe mooring in the height of the storm.

63. Now it must be remembered that the dangerous storms in the Bay of Bengal never

- come without notice, but oceasionally, indeed frequently, the notice comes without the storm
following. This is a source of inconvenience, because precautions have to be taken upon the
nolics, before the actual advent of the storm, when they would be too late. Hence it bappens
more often than not that when ships are sent to sea they return without having met with the
expected storm.,

_ 64, But this is an inconvenience which may fairly be expected to be lessened as the indi-
cations of storms are better recorded, and the actual conrses of existing storms are more per-
fectly traced. Even as it is, however, the inconvenience is not an intolerable one,
be taken as an infinitesimally small deduction from the real value of the harbour. During
the last two years there have not been more than four or five occasions on which ships have
been .wa':ned to sea, and not one on which they would have been in adtual danger if they had
remained at their moorings in the barbour, mutilated though it be. Yet, during all this time,

every single steamer has come into the harbour to load aud discharge, aud paid dues for doiug
80, . .

» -

65. I-t must be admitted that, in oue respect, a ship is worsh off in the harbour -than
anchored in the roads outside. She must put to sea at an earlier stage of the warning for bag .
weather, as t}le confined space increnses the difticulty of manwmuvring the ship with a rising wind
and sea, setting probably from different quarters. But this is an evil which will certainly dimi-
nish with more complete mooring and warping appliances, and mdtre local, experience on the
purt of the marine officers, and it does not touch the question of the ultimate safety of the ship
It has sometimes heen asserted that the barbour is a trap from which escape would be impos-e
sible. It might perhaps be so once in teu years if the commander of the ship, and the whole
stafl’ of the Marine Department and the Meteorological Ubservatory, were simultaneously to
neglect the most ordinary and well-known precautions, but, under existing conditions, such an
idea is inconceivable, :

66, I'sabmit, then, that the demand for absolutely safe berthage for ships in the height
of a eyclone is based rather on sentimental than on practical grounds. The harbour introduces
no new element of danger, All that can be snid is that, while it gives many new advantages
aud remedies many evilg, it leaves one evil of very rare occurrence untoudhed, It 'is right to
add that I do not think even this one evil is irremediable at some future time, but at present
the circumstances of the port would not warrant the necessary outlay.

67. With regard to the second point, the facility for loading and discharging eargo boats
aloilgside the ship, the advantages of the present over the old system are obvious. Under the
old system the ship was anchored at amile or upwards from the shore to a single anchor, so that
she swung with her head to the wind or the eurrent, whichever might be the strouger, and
rolled ta the swell which generally comes from a third quarter. A more * uneasy * position

" for a ship, &ven in ordindry weather, it is difficult to imagiue, and all around her, while subject
1o these conflicting disturbances, the cargo,boats had to crowd.  These boats again were sab-
o 2al
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jected to yet another disturbance, the wind wavas, which would scarcely atlect the ship exvept
indirectly by coustantly driving the hoats against her sides.  Under these circumstances eargo
had to be transfemed to snd frow the boats. Then the boats had to be rowed out and back by
manual Iabour (11 men to a boat carrying two tons) over this mile, and throngh the sarf.
The whole operation was one of little danger bhut of great cost, both in the labour employed,
the damage done to goods, and the detention of the ships. ) :

68. Now, eampare this with the present system.  Thue ship 18 now brought to within &
quarter of a mile of the shore; she is completely oat of the current, and, being moored head
and stern is not affected by the wind; her head faces the swell. The wind wuves which
tossed the hoats outside the harbour are much reduced, so that the latter are far more manage-
able. I mention these details to show that the advantages afforded by the harbour are by no
wmeans confined to a reduetion of the of-shore swell.  Even it this were disregarded altogether
{and cven those wha ave loudest in their disparagemont admit some reduction), tho advantages
which regmin ave sutlicient to explain the reason of the notorious faet that ships are eager to
enwer theﬁrbnur. Of course, it ;s (nlly admitted that the more the swell can be reduced the
better, bat to make this one object paramonat 1+ altogether to misvepresent the ease.

69. With regard to the loading and discharging cargo bosts at the shore, the advantage
gained so far is simply that due to the reduction of the waves, whatever that may be.  In,
itself it 1z not much, but the stiller water enubles improvements to be made wlich would have
more cffect.  The existing serow-pile pier was mude for open sea-work, and it has inconve-
niences which are inseparable from such work.  The prineipal one of these is ils great height
(sbout LS foet) above water.  With constant smooth water'a height of 6 teet woull be suffi-
cient, und vbviousty much more convenient. '

70. A few months before the storn of November 1881 two new low-level jotties were
actually commeuced, with tho intention that they shonld for a time supersede the screw.pile
pier, which was itself to be altered and adapted to the new circumstances and again brought
into artion when required as an auxiliary to the new jetties.  The storm put au entire stop to
this scheme, ot uny rate till the harbonr s restorod, and af it is then rovived, it must be with
eousiderable raodifications,  But this seheme was afler all ouly the best under chicumstances
then existing., New circumstanies have wince ariseu, and avother scheme must be ‘adapted
to them. . .

7). Such a scheme may be foand in the modification in the system of working the existing
pier.. The complaint firet. made was of the greut heirht cargoes hind to be lifed, but, in reply
to the obviens suggestiop that the employment of steam cranes would remedy this evil, the
further complaint was sturted that even if the goods were liited more quickly, they conld not
be remived from the pier on the extsting lire of railway,  Now, the pier is 40 foet wide. It
contains-four hnes of railwny ot 3 feet 6 inches gange. Upon the swe width six lines of metre

auge coald be placed. These two additional lines of railway would relieva any concotvable
_amaount of block.  All that is wanted, therefore, ta #reble (1 think 1 rany safely say) the presant
_. gecommodation of thespier is to expend R30,000 on threc or four stenm craves with a

quick motion, a suflicient stock of narrow-gangze troeks, and materials for two oxtra Hnes

of raibvay, It is no part of the present duty of the harbqur works stalf to work out

the details of such g schemé, bat 1 have vo hesitation in snyin;; that some such would be a
sperfect solution of any existiug or probable difliculty in the landing and shipping of goods at
» the shora, - .

72. The last point which I named in paragraph 61, the safety of cargo boats and otber
local craft in bad weather, s, in my opinion, the most important of all.  As I Lave already
shown, ships have ag8uge at sca, but this is not availuble for local ornft.  If they canuot safely
ride at anchor they must be bauled up on the beach. This necessity obviously limite the size
of the craft to be employed. Masula boats carrying 2 tons can be beached even when loaded.

The carge boate carrying 12 tons, which were introduced after the serew-pilz pier was built, can-

be beached empty, and were {ormerly so placed in safety during the two bad-weather seasons of
the yeur; but for ghters of 60 to 100 tons, which are essentinl to an seonomical system of
landing and shipping cargo, for a steawm tug, for a foutivg derrick for lifting heavy articles,

and for othier craft for which a demnnd is sure to arise, beachivg for purposcs of safety is not

practicable; safe loating berths must be provided.

73. I bad certainly formerly anticipated that craft of this description might have safely
lain at avchor within the barbour even in the worst weather, but I am unot prepared to resist
the impressien to the contrary which was produced by the efleéts of the lato storm. It may
be that that impression will be removed or modified by further experience of future stormsy
when the break-waters are more eflicient and the opening for the entrauce of the waves reduced ;
bat for the present I will assume that, on the threatening of a cyclone, the present sred of the

/
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wrbour must be cleared by the sea-going ships going 5 sen, und the local craft in another
lireetion, What iz this direction to be ? '

74. The 70 aeres of lund gninexf to the south.of the harbour and deseribed in paragraph 44
f this report seem to sngeest an avswer to the question. - It will be seen from the plan that, in
March of this year, the high-water linc outside the harbonr was nearly continuous with the
wo-fathom contour inside. Two years hence it may be safely predicted that it will be some-
hing like 100 feet further out. Now, a dock or basin, 1,000 feet long, 300 feet wide, and 10
eet deep at low water, with au opening throagh the pier into the harbour 60 feet wide, covered
w o jetty of conerete blocks running novthwards frora the pier for 300 feel, would provide
ccommodation for the whole of the local craft, and would cost, including a stream dredger tor
he excavation, about 14 lakh of rupees, and for an additional half lakh the area of the basin
ould be doubled. ’

75. T do not suggest this for immediate execution. Craft too large for hauling up on the
seach should not be introduced till the harbour is somewhat more complete, but I point it out
n geueral terms, as the direction in which the harbour may be extended and developed to a
rreat extent. The basin would be, in the first instance, 2 mere place of shelter, but a hoat
vharf would soon be established on its landward side, and the frontage would become valuable.
\s the high-water mark advances seaward, the basin would be widened, and in course of years
ts seaward margin would be so near the deep water in the barbour us to suggest the possibi-
1ty of a ship entrance. With such capabiiities in the site which has been added to the harbour
seoperty, I submit that T am justified in anticipating advantages which will go far to compen-
iate for some disappointment in the dogree of stillness obtainable in the avea of the harbour
tself, and an equivalent for the five lakhs expended in protecting and purchasing land to
she north.

76. Tt isright to state that the wdea of the necessity of DLoat shelter is by no means new.
't was urged years ago, and among others by the present Master Attendant, Captain Taylor,
1g the real want of Madras, and, jo the visits I bave paid to several other ports of India, I
wave found that the cost of landing and shipping cargoes is less dependent on the condition of
‘he ship’s anchorage, as to exposurg or distance trom shore than upon the power of emploving
argar or smaller eargo hoats, aud this iu its turn depends on the fucilitics for pivine them
shelter. Dt it must be remembored that st Maliag a beat barbour woutd have been i

practicable on- aceonnt of the moverment of savd along the shore uniil works had been
wrried out far encugh iute derp water 0 stop the sand and at the same time to form a
ship barboug,

77. T may farther suggest that this boeai barbour wouid form the mest convenient ALCERS
t‘,o 2 line of water communicntion with the Buckingham Capal, aud the extensive system of
inlnnd navigation in eonneetion with it.  The distauens is sboul a roilg, and the i‘ute;mediate
ground is almost entirely unnecapied. :

78. Asthe furegoing report has doalt with a variety of subject.g, it may be convenient if I
conchude by & eoueise résna s of 1ts suntenis. v i P

Parvagraphs 1 10 26 ure devotad to a deseription of the propozed works of restoration.

Paragraphs 27 (o 42 contaiu au sualysis of the expenditure gspeciaily since the stprm of
Nevember 1851, and paragraph 37 coutaing my recommendation as to the spportionment of the
{dems of expenditure to five several heads.

Paragraphs 42 to 59 deal with the question of gain aud loss of land by the accumulation®
wnd erosion of the sand on the coast.

Paragraphs 60 10 75 deal with the utilisation of the harboury 82 to §5 having reference to
the means for eusufing the sufety of ships; 66 and 67 to the transfor of eargo between the ships
1id the boats ; 68 to 70 to the loading and diseharging of boats at the shore, with a sugges.
tionin paragraph 70 for an immediate improvement of the system of working on the screv;pile
pier; 71 to 75 to the safety of earzo hoats and other local craft in bud weather, with a sugges.
koo in 73 and 74 for the future utilisation of the land gained to the south of the harbour by
the formation of a boat harbour, :

Paragraph 76 suggests that a communication moy ultimately be established between this
Karbour and the inlaud suuals. ‘

79. In the Apperdices will be found she following tem ,

A —~My. Thorowgond’s re-arrangement of the accounts of expenditure from Octoler
1881 to April 1884, .

T~ Abstract of expenditure from commencement of works to 30th Aprﬂ 1884,

C.—Estinute of restorution works as recommeudsd, with statsment of expenditure
in vespoct thercef to 3ith Apri) 1384,

.
4



Analysis of expenditure between 3st October 1881 and 30th April 1884, by Mr. Thorow-

}:””d'—.

CONSTRCCTION OF MADRAS HARBOTUR.

APFENDIX A.

Maowas IHannoun,

Total expenditure shown in aceounts, 30th April 1384
Add revovery on sale of plant and materiuls

Total
R
Total expenditure, as shown 3lst October 1881 . BR, 72,082
Add for work done in Novewber 1vb g, south pler rubble . . 1260
58.73,283

Add furthoer for recoveries om
piers (o1 which R 206 1s accounted for) . . . , 300

“ conercts blocks” 10 north and south

Total difference to be accounted for

Lrependiture.
L3
1. Additions to existing pier works:
Councrete topping, clumpig, wnd r.tilvrny.a 1
North pier. . . . . . . . . 41,08N
South pier. . . . 27,080
Rubbl: foreshore and repairs to »uxf buul\s -
North picr . . . . . . . . 3,561
South pier
2. Recovery and destruction of hopper barges
3.  Recovery and painting mooring gear, exclusive of cost of four pontoon
boats (128,465) . .
4. Rubble stone revetment, nmth hemh . . . . . . .
5. Repairs to buildings, damages by BoR . . . . . .
6. New conerate hlocks
7. Repairs and ronewals to machinory az ul plant, tr(u)afuwd from mhel lmudu
as below :— ¢
Uoncrets blocks . . ) . 19,U82
Setting blocks . . ! . . . . . RAL1O
*Revetmert, north beach . . . . . 1,804
Munrings ' . . 2,000
North péer, repairs . . . . . . 2,489
Soath pier, ditto . . . . . . . 1,633
Nosth pier, foreshore . . . . . . . 1,760
South pier. qditto . . . . . . . 4,552
Pontoons (item ) . . . N . . . 8.5
7a. Actval chirzes under ¢ Gevernl Toois” between Novewber 185] and 30th
April 1884, us shown o Accounts . . .
. ° Total to this poiut . . . “
L
5. Establisbmgnt tuken at 73 per cont. on the above total
9. Conlingencies (including intercepting drain) .
9a. Police, conservaney, and lighting  ~ . . . . . . .
10,  Compensation puid for land washed away
11. . Purchase of land north of harbour
12, Establishment on m:mx 10 and 11, estlmate at R.Kal) a month lnr 1“
raonths {nearly 27 per cont.) | . . . . R .
13.  Taking total Estnblishmeut charges, as shown in Accounts, and adding
charge for establishment during suapense, transferrad as Lelow, deduct
from this tolal itews § aud 12, and there rewaing estfxbllshmcnt during
8““4penﬁt‘ . B . » . - N
K
Total ehargo to 301h April 1884 . . . . . . . 510,809
31t Qctober 1881 . . . . . . 351004
159,805

R

67,6906

12,2385

67,8]1,871

58,73,683

9,08,288

75,02
16,485

18,003
1,134,618
§.221

0,44

87,230

50,935

7,141
,3,73,6065
28,010
27,250
3307
62,181
2,035,494

6,659

1,68,074

CONSTRUCTION OF MADRAS HARBOUR. ?rb]

'y
Add from— B
North pier rubble . . . . 1,766 s
Setting blocks . . . . . 8819
North pier, sea damage . . . . . . 4,918
Sovth pier, rubble . . . . . . 4,652
South pier, sea damage . . . . . . 4,032
Concrete blocks . - . . . . 19,082
' Revetment . . . . . . 1,860
: 42,929
202734  ———
ToTaL . . . 8,064,331 s
Add to this—
Stone lyigg at quarry . . L . . . . 4,859
Stores on hand . .o 23,108
Payments for moorings in al:couuts of l\ovomber aud Deccmber . 15,328 ®
Ttew No. 34 in account sheet . . . . . . . 162
——— 43,257
9 08 288
- L]

Note.—The above is the basis of the statemant forming Appendix B, but the items have been farther re- -arranged
to some extent, which aceounts for some differences in the figures, though the total amounts will be found to agree.

W. PARKES.

dbstract of Expenditure from commencement of work to S0tk Aprid 1584.

] APPENDIX R.

Mapras Harsoup Woeks.

' Estimates.

Sanctioned, B56,50,000

Sanctioned, ,, 2,00,000 .

Submitted for sanction, R
1,564,994,

Description of Work.

Expenditure.

(1) Origiral Design. R
L
Expenditure to 31st October 1881 . . 1 . 57,18137
Ditto in November 1881 . . . © e 1,500
Supplementm y protection works . . . . 75,029
Contingencies . . 27,412
Recovery of wrecks and repaus of storm damsge . . 21,706
Establishment, 10 per cont. on R1,24,147 - . 12,418
-
LR

Deduct (transferred to IV, and V) —
To IV. Revetment . . . . 91,009
» IV. Purchase of land . .. . . L4000
» ¥ Concrete blocks . . . . 40,281
» V. ‘Stores . . . . s 65,609
— »],98 350

Net expenditure on original design . . . . 56,57,840
L
II. Moorings.
enditare fo 8lst October 2981 .. . . . 1,63045|
itto in November 1881 . . . . . 15,388
Snbsequent Expenditure . . . . 18003
Estabhshment. 10 per cent. on R33 133 . . . 3,313
Expendityre to 30th April 1884 . . 1,980,589
II1. Cost of Establishment.
During suspension of works . . . . 1,564,894
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Estimates. Description of Work, Espenditure. . v Expenditure
. : . to 30th
e = — S U S Rupees. Rupoes, April 1884,
. l ® ‘ ) A Rupees.
% S i IV. Gainand Luss of Land. ‘ South Picr.
. ~ R
Gainrd 88 acres; lost 41 acres. ) Rubble stone in foreshores and hage— _
’ Protection : Revetwment previous to October 1881 . . 91,000 o Ordinary deposited from break-water, 675 tons at R1.8 . . . 1,013
~ Submitted for immeliate - subsequent v ditto . . 113,618 - Ditto deposited from boats, 169,517 tons at R2 . . -1 38,39,034
sanction, K 500,000, to | Est 1l)h~hmonl 10 pereent. on R 1,13,618 . . . 11,362 ' Large ditto deposited from bredk-“ ater, 13,038 tons at R1'12 . . 26,317
be subject 40 recovery by | Purchase of land and compensation . .z . . 2,58075 A N
renfs and valuo of land Ditto  transferred from I . . . . . 1,400 . : . R a.
utilised, Establishmeut expenses . . .. . . 6,650 ' . .
N — ) Concrete blocks for bl_uldmg— .
Total to be carried to debit of account . . . . R 482,114 Making 62,113 cubic yards at . . . . . -9 0| 469,377
: | Setting 2,062 w on - . . . . .20 4,124
F. Ezpenditure to be charged ugainet Restvration Works. ' ’ » gg';gg » » . . . . . - 2 8 73,205
» = ” . . . .30 62,427
- Condrate blocks, transferred from I. . . . 40,251 Conerete in mass for ﬁﬂmg 500 cublo )a.rda at . . L1000 5,000
New ditto, made since October ]‘431 . . . H7,230 .
. Repairs and renewals of plant and machinery = . -, 58,079 Wave-hreaker— .
Consuwable swres on hand October 1881, transferred : . - Blocks, muking 57,066 cnbic yards at . . . . 9 0] 513,594 . 63,755
from L, ; . ; £5,669 . Depositing dlttu, 57,060 cubic yards at . . . . .1 0% sreee v (0%
Ditto, lmlmm- of ditionw and iwnvx sinca October Apron blocks, 1,667 cubic yards at . . . -9 0 15,003.
. : 1ome L, N L1] Setting ditto, 1667 onbis yurdsat . 0 . 1 1 14 g 6,668
, Establishient, 10 per u‘nt on R l,/.l‘HG . . . 17,308 ' Concrete in bage, 742 cubic yards at . . . . .12 0 8,9()4
. ——, v Cramps, 275 each . . . . . .10 0 2'750
Total 0 be carried to debit of account . . . A . 2,986,384 . Conc:ebe capping, 19,200 Ollblc ynrds at . . . . .10 0 1,92:000
! ‘Total exprniditnre to 3uth April 1854, ua per official retvurn . ’ . 6;4'.81,571 . —
: ' Total i
. e _I_; SRR e Ll o e e *‘_'_.: E R ’ ola fOl' south pier . * * ‘ * ere 17:76’482 R
215t August 1584, ) W PARKES. . M . : e,
. ' aterials in atore to be debited to works during pro
R , Establishment, 7} per cont. . . . 8 p. gresxf : ) u3.436
‘ Contmgtmcnes, per cent. . . . ) ) : i 3,1},594- 17,308
APPENDIX C. , Lighting enttance . . . . . . . ; oo l,gg,ggg
Mavras Haruour. . .
flstimale Of Resio ralion W ur'l:.v. : ' c 45,90,051 | 2,96,334
T - - | I 'N‘ i . Ell;e'lil(uro T
' to Jta -
i Rupcen, Rupcon. April 1/n4, .
Rupess, <18t lugust 184, ) W. PARKES.

‘ - Pa’e!im"narics. ) ' ! ’ N ' » » % % H ‘ \Mmf‘( G’» hw
New machinery from Enzfm] . . o . LT LOR0 “ Cil, ’ 2‘“\‘“&" ¢ p t? ' .

Repairs and renewals of old mathine ry .. RN . . . 73,479 e 58,079 ) . ;w
Alteration and exteusion ug' block gwunda 10,000 ‘ . r{‘ 3] ‘

Railway materiale . . . .‘ .‘ . 71.0046) '
~Totsl prelitwinaries . . . < 3.27,529 ) ~
- P
@ l\ortb Pier.
o Bubble sione in foreshores s,nd base— '
Ordinary deposited from break-water, 5.532 tons at R 1-8 . . 8,297
Ditto from bouts, 1822680 tons at # 2, 9,84 520 ‘
Large ditto under wave-byuker from bzenko-wuter, 14, 757 tons ot R1- 12 26,812

R a.
Conerete blecks fot huﬂdmg_

Muking 58,116 cubic yards at . . . . . .9 0 52304

Betting 2,062 ,, " . . . . . .3 0 4,124
" 35,245 , P 88,112 i
» M 809 ” 4 . . . 30 62-"27

Concrete in wass for filling 500 uubxc yards at . . .10 O 5,000

Wave. breakm-—-

Built blocks, 288 enbioyardsat . .. . . . 10 o . 28%0 ‘

Ordinary ditto, 70849 cuhic yards at . . . . .9 ul 637641 63,756 -

Depositing ditto, 70,849 cubic yards at . . . . 1o 70,419 :

Apron blocks, 1,667 cabic yards at VAR . . .90 13,003

8ctting dltto 1,867 cubic yarda at . . . . . . 4 0 6,6G8

Concrete in bngs. 742 cubic yards at . . . . .12 9 8.004

Cramps, 380 ach . . - .10 0 8,300

Coucrete capping, 22,400 cubic yuds at . . . . .10 0 : 2,244,000

Total for north pier , ) .

el . | 2050381

P e 3 VBT : : -
: Woverameut of Indis Coutral Priating Oficec—No. 108 I'. W, L.~3s .05, —200.
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