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7. 'K

- will be observed (paragraph 3 . |
: : * \paragraph 34) that Mr. Parkes does not intend to
:;X;Otrﬁs ;’l:;ere si;;glgr:o off the straight portions of the breakwaters which were uninjured,

eed the foreshores

upper concrete blooks £ with heavy granite blocks and eramp the

almost intact on the 12thgethefi although however these portions of the work cscage(i“
épfnod t b diik Mmay continue to enjoy immunity

: - » 1 may be doubted whether the small work to them
ﬁgxﬁﬁoﬁ? ?drzvoulld i that, in case his present plan bebaccepted, at least the
Properly constructed apron with blocks 7, would not be desirable for one-

from attack for a lop ovember, and though they

~ third or a half of their ou

ter lengths
8. The proposals n

il 18, oW put TO8
followmg considerationg :—_qu Aorward i

Ked in paragraph 33 «
able probability that ‘“fé sgall hay

e to encounter 2 force of sea so much
at of the late sto .

W°“3d be grester than the 14 » e Sﬁ'ezlgth ¢ oo B

bt : .ﬂjdisturbe‘d. ¢ seaward fades and fluttened out it has not“:,

suited for building o gha oy C0 &0 1% in many respects even betier.

o it ;}g it t;laﬂ before, throughout not jess than two-thirds-" §

2W of the damaged ;
:Egp%; ;e?gﬁggﬁéh%‘;ﬁﬁt&nﬁms is eleaxgy t{‘;’:r:;g’l of the work.
into ;gmn T;::u ag;yda -b:ﬂ‘“?”f‘l t‘?ﬁt;of the om; whic
Yo 00ugh donbtlace 41 bamnd s _
K bt s extndd e e T 1)

.
U

 some peculirit;
- 5eas on the English copat’ 1
it has boen proved by g
low water is safe, 7
cyelone sea ” in M
‘the breakwaters, where 1
- was scoured away 6 or 7 £
reached down to 35 fee
12. From the act
which had originally
seaward bloek (N
sunk on an avera
foose material being

2 an offect T honld

- abnormal disturbances to much greafer dept
by the recor faet that, on the banks of iy

ffocted the bottom at a depth of over S0 faghy
reached to 160 fathoms, and at Lands end the lobste

~ course sand and shingle during heavy ground swells ut

s OISR S S .,w-*~-~----~-w~"‘e‘“ :

1t will be observed, chiefly upon th"e“"i

it is quite outside the limits of reason=

se has subsided on an average of 2 feet and

-1, 2, 8, and 4, remain
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o e e LS T, &
;S T,

S

s A A N A A 5 P A M B o AT i A M A R A A A A ARG R AINA AR i A At

* Pusric Worzgs DEPARTMENP,_é3RD Maren 1332, 'N‘" 789_WV

Ny i

It may in fact be iuferred that we are in the presence of forces
at present be sufficiently gauged, and the reasoning on which the m
uf reconstruction rests is incomplete. There is apparently i
Mr. Parkes’s contention (paragraph 24) that there is not the
for reapening the worn out question of the relative merits of ;

or of bonded and unbonded work,” 5 ‘

14. On the contrary there would seem to
question of adopting or rejecting the mo:
With a bonded wall, such as that proposed
the effect would be of a suocession of 1eA
faving page 2) precipitating themselves ove
communicated to the first aftacked blosks

Airey mentions also that gfound swells frequently break in a depgh of 10 fa i

be ample gro
thic system for
eeds but 8 i

‘ ‘advance which must go far to loosen ang eaken th
\g succeeding blow shaking the structure from end to end
b thickness of four blocks at the ends of the seaward arms
them quite as easily ¢ pparently as where there

156, Again, it must be clear that
form must in gréat measure depend on wheth
withstand the seour which takes place dow
due to the geheral eyelonic action before

Hatten the material of the rubble base as
16. With a structure ha

ho was given to understand by M
precisely - the same reasons, the ran
recommended itself to him. He will
;  India the results of the join inspection
i and himself, e o

. STl fhe < o Wiy

AV deficiencies aad allo
. shear légs could be
970 ton blucks i i
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o ‘ : From the Engmeer-m-Chwf Madras Harbour Works, to the See
AR - ment, Public Works Depart:ment, ted Madras, oth

i |  Madras Harbwr

I mavE now the honor to submit to you my report
> works caused by the storm of the 12th Novembm' 1881
restoration. »

2. Tt has been . delayed long
great difficulty of obtaining detaﬂed mensute
exceptionally calm state of the sea. Upon | the
grest measure our conclusions as to the
the damage. I have thought it desirable fo delay t :
T had obtmned guch facts as were 1 , not 0“37 to
posmve conelusions, but also to test beyO ibilit,
~ the conclusions which have been put forwi
knowiedge of the facts. 1 may here 1
eonmderatmn to various suggestl Mt'

Tur SECRETARY 101 THE
GOVERNMENT o
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: 6. Tut Brouy,—The storm is thus deseribed in the official Meteorclogical Report
issued by the Government Astronomer on November 23rd 1881 :— :

e i A-&{ﬁlﬂ!&a'fﬁtﬁMaa on 8aturday and Sunday the 12th and 13th instant. It RP?“;?‘“_‘;_
to have exhausted its greatest force while crossing the Bay before reaching the coast of Sml%aéh
~ India, which would account for the high and destructive sea, far beyond what might have £
- expooted from the meteorological indications accompanying its progress. The centro of the sto .
must have struck the coast considerably southward of Madras. The lowest reduced reading -
the baromoter was 2951 at 4 r.u. on Saturday ; and the strongest wind was experienced betwees.
M e and 2 A on Bunday, during which time it averaged 32 miles per hour in mlocl‘gs-
- equivalent fo a pressure of about 53 1b, per square foot, Rain commenced at 13 4.3 o0 Satu: ﬂg
~ and continued until 8 £.m, amounting in all to 8'19 inches—the twelith heaviest fall on reco _
At Madms sinee 1803. No single hour was extraordinarily excessive, but the persistence ,‘ﬂ o

wind end rain was remarkable, The veering of the wind was as usual for cyclones south fﬂ'd o

; M‘.‘ﬁ"mi hThe records of the anemograph furnish the following mid-times for each priméips:

 bomnt of the compass with the corresponding hourly velocitios :m .

; e x

NWhy W.of o vl
e “‘:va_l

B

ocity ?9 miles, | BNE at 13 ax.; velocity 83 miles.
NN i) do. 29 do. | Bast ot 24 am. i do. 25 do.
otk o 2 2 . do. | NBER & Hax: do 18 0
CNNE. fitei do. 27 do { BB st Thaw; do. 14 do
NN i do, 30 do, | SBE at 94ax; do. 14 do
ity . o 81 4o, t South at 10§ am.; do. 18 do.
7. The Ast nomer here alludes to the fact, to which I have myself frequenty

~ had oceasion to advert, that there is no relation between the force direction of ¢
- wind in the neigh ourhood of o ‘circldnle and those of tge Lga f;:}xlriaohgr_::ay accompsny b
~ The sea is raised, not by the wi 0d which may happen to be blowing at the time at sy
iven gpot, but by an j atmospherie disturbance at o distance, that is in the contrd.

1t of that atmospheric disturbance (which when
any place will lie between north-east and east
1L proceed, propagated by laws which, so far as W
to those by which the atmospheris disturbanee
£ the wind at Maﬂ?ﬁsﬁg =

. MADRAS HARBOUR
 SKETCH SHEWING SITES oF







 lateral force of the waves, and generally one eourse, but som
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therefore exposed at once to the previously unknown destructive action of a sea of
nearly maximum force. .

17. The design of the work as execated 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 dispensed with, but additional strength
was given to the parts that were retained. The latest additions to the section were
based on the experience gained at Xurrachee, At that place the first heavy sea
showed where the greatest impact of the waves fell, and that part was strengthened in
a way that has been quite smccessful in a subsequent experience of nine years at
Kurrachee, and for five years was successful at Madras, but it failed under a sea of
greater force than had previously been experienced at either place. To prevent &
recurrence of the damage additional strength must be given to the vulnerable part. «
But it must be understood that all such precautions are necessarily tentative asto
their sufficiency. 'We may feel confident as to their being right in principle, but the
force ¢f the sea cannot be estimated in figures, and we are unable to say, when 8
work has stood successfully, what margin of stability it possessed, or when it has
failed, by how much the destructive force was in excess of its stability. The strength
of an iron girder or the capacity of 2 water channel may be definitely calculated in -
figures, but the stability of a sea barrieris a question to be decided by precedent,

guided by judgment and experience.
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. 8everal blocks were
forced out in this way, but in no case was any block forced to seaward. The tendency
was met by inserting a stone joggle which locked the top course to the course below,
and prevented 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 no evidence of its existence Was
given by the action of the seas which preceded that of the 12th November last.
. 18, Aogngwled%%o of tlfmistifenﬁaney, however, forms a clue to enable us fo f-?‘”
process of destruction of the Madras piers, The waves rising upon the sea face
-must have fallen with terrific force upon tJ?e1 top of the work on thge hgrogoni' side, and -
the blocks were tilted off, probably two courses, and possibly, in some cases, '
' g alone yielded to

 or two casos even three courses were driven after theblmksm

Generally spe there is a course RS BN e i 1 B ‘
]mrbou:r | ‘iﬁ&—;ix o Fii gy mnm l! »Iq "mng on tlnd m» o é &
2 20‘ B -, L g “

_ ek S LR S R
in its prosent state. 5 s e Dyl soiien . mym‘”’“‘“‘“""’k
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are necessarily hypothetical, but there is enough which is matter
vation to justify the assumption of the remainde o ROEBOHEE!
. thirds of the damaged parts blocks 1 and 3 have been traced by
with slight exceptions to be undisturbed. For the greater
5 may be traced from the surface and somefimes |
i disturbed somewh:; én tl:n;iy &W&ﬂ{n ¥
; then generally tilted by riding on the tenon 02 14
b o are reg.-esented by an apparently confused
755 access to-2 and 4. There is, however,
PRRES o e the very improbable suppoesition of the
~fall of the inner wall towards the harbour. 1
« slope of the rubble is unencumbered with block
second, where the sea wall is gone and
short length in each pier, the harbour W
which, if anywhere, scour under the
extreme end of the north pier, the 1
wall is standing exceptionally well,
There can therefore be, I thin
more probably 6 and 8 toge!
The rubble foreshore on the se
harbour side. It is almost eve:
times below the level of the

slqmeap:

i of the two piers, a length of
- have been difie lti |
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end is lifted 9 inches from the rubble bed, the block itself being tilted towards the
sea. The upper blocks are | h

e u : yingin confusion on the sea slope of the rubble. = I do ?106
see how it is possible to attribute these results to any other action than undermining
of theh‘{oundat1on blocks, T e portion of the pier where this is evident is a length of
:gmszta ;;gdu_!;d?l‘ (%00 gogettﬁ but it is probable that whenever the upper blocks have fallleﬂ

3 it 18 due € Bame cause, although the f i 'k mselves
56 haccmsibla, The o use, aithough the foundation blocks the

ton of the sea appears to have be xceptionally severe
atb‘g lxs 5pot, for the origina] sandy bottogxp' S i Ay
rubble,

18 scoured away 6 or 7 feet outside the

9 . :

have‘ii.en 'gz}fgg :18 2 Pportion of the South pier, also on the curve, which appears 0 {
Y 5 11 & o ilsvery sumilar manner. At these two places the breakwaters |
sovailing Ts 1 sngie, one on the right and the other on the left, with the !
Iiave boeff © oL the waves, gng here the scouring action on the bottom appears o |
ot more violent than where the waves fell more directly on the face of the

24, : § o :
of the ibo&am(:ﬁ):: 2 tghe telole of the aotual damage to the works is due to one or other
give increassd s » aﬁ 1 thivk that, i the origipal seetion . were amended 8o as to
be plased i its sability ndep s ok P13008 shown o' exist, ovory manfiaencs o
SeCtion 88 carried ouf i . cven a much heavier spg than the recent one. The

ont w : v i
effoots oPthe il se‘issa Perfectly pooq one to withstand o moderate sea, and the

y l‘ad}cal alteration. Such material

- wWorn-ouf uestim of t

unbonded work, Break Ty
‘ StOOd.*if Veul}f? much more ‘Massive
ples of thatrzgongj;gncugnq i : e

 aware that ag;eatdeslhas ee;slaz}tllm;;)os?zltd ttilxl:t u?;i
L som eXpressed about

15 good a bed us the g

of settloment of the stand-
was. @dfmothﬁl;n prousses
~ granite rubble ia sy, s right to add that
| g:l_?er parts of t?é work e

fice Speedgfmﬁm‘if i
ation it Wasdﬂmleqm

blemish, and thongh mm@"x e breal
no gh 0 18tter for gy, 'y, B080I
greater in appeurance than iy L T0085 acoyy
same time jammed them so e A
e

- late ses, it oceurred,

ve given ahove though it 1
vo. . The evi], however, is really
i Wl:l;h Jbroke the blocks at the
7o Een pieses aro really

tive for thestabihtyogﬂw .
subjected “to the same ‘amount

i ‘

. those broakages, but the mumber would

possible by any means entirely to prevent ;h mﬂ?e blocks ’]gngar before su
have been reduced if it had been possible to eeph ever, the concrete is undoubted
them to these severe strains., Be this as 1t mgfﬁe;wd Sa broken blocks show
of excellent quality, as even the fracturede::nﬂ int out, this evil will L.Dtﬁ‘
the restoration of the work, as I shall pre thesg | ll;:-’eak&gﬂﬁ have contrib
But so far there is no evidence to show thﬂt Tl Ged
Wway to the failure of the work. i dbﬁl
vidence of

27. SussipENCE.—Another point thn‘h; g::l; %’l':zll f;:';i‘;
is the subsidence of the structure, ,b“t'f’:;ﬁ high¥ S :
It is quite certain that a rubble bank 20 f o thet the affadt of g
of 30 feet of concrete, and it is eqqaiiy,eﬁt S ity SolOR, b
Water must be to cause the rubble to sgnk‘méb Row tha el T
the necessity of adding to the top if it amf zm Ay uired
: no harm done. 'We have the exporience oi-. ;{iher e
.  involye loosening of the superstructure, an R
s the foundation to a still lower level is a su :ctmn i i ot i
= piers standing entire have settled under mtgi e
outer ends, gradually diminishing to ilo gthgo L i
being inversely proportioned to -th?. en L :
~ damaged portions, which of course are _fl‘-’f“V: f:: o
ascertained. There Wmay pr?bgbl§ be a ‘
decrease ag time goes on, but it is, 1 repea :
_ are the settlements due to this thqnlar :"&:‘m bblo
due mainly to the natural consolidation of the. e
- aggregate to from 2 to 3 feet, the lmax»nntjuv
- was 4 feet. The further setblgxg;enﬁ dyg 0
_ into the sandy bottem.. .

: 28.  RucoxsrrucrioN.—In th
~ to keep in view the two weak points,
. harbour wall. The requ
~ the waves before they rez
 weak points themselves.
?)PP




| bble base and blocks 1, 2, 3, and 4 are
’gh; x:;d 8 are new blocks similar to the old ones,
h;g}; instead of 8 feet, s0 as to make up for th

and o being of the same dimensions

availablé ; b is a thin block inserteq
water level, go

S ol 2 pon it in a bed of S
gether mitc one ock of 3¢ to s i i i
escape for the falling wave. 115 " o80t. The top of ¢ is sloped off to gi

81 gave way .
: iy protect the toe of the outer wall from seour and ulti-
ﬁ:ﬁmﬁ?ﬁ; be placed at 88 low a leve] ag practieable, so as to avol

It is & noticesble feature in the
scanty slope of rubble and Boy@e .
; 011'1*31_6 contrary, where the sea wall - :
: c o0 BG4 "Arest approach to a clean breach
Ppened to be Particularly full, “he evidence is at pre-
ot ) Lo e el alig i ) forcat o000 8 8} cle-
of the footing, therefore, is simply ¢ substitute a surface
bble, Preserving ag nearly as Possible the level and slope e
AT From the outer end of the bhlook the slope will be con-
b0t to distarh Biaes %‘%“Z&‘Lﬁ?"ﬁz’%’ so¥irable whers 46 biooks ke 1 s sgher)
ot 51 LAY T L8 FRUNG 23 S = g t G i
random blooks fa 'll’i,,f]".rvpﬁicea; - omemom 50 3% 0 make pm@egtlve,mqunds o -
32. DBesides thege actual additions 4, Biellenl . e
Ritherts, et g? 0TS0 of the old seotim o Y e v i objonh, SuingE.
therto. urattainable, o comuect "0 top blocks fogether. pou Iongitu]]dinauy and
transversely, so % make all the Porfion of the section which s onl of witer info s
monolithie mass; but it is mposuble to Qg this in new worle efficiently in conse-
Fould soter amy aoiacLL, (o Lioh tho sruotane s Aoy VO slicienly in conie:

‘guence of the

8 wo oguld, omeney, 5, Ssqual setloment
¥ill be mao) g uilding on an old
bt inequalitios in

A e o

2 e By
generally in g servweabl'e state. 9
except that they will be 9 feet
e 2 feet of subsidence. a, ¢
as the old blocks, the latter can be used so far 88 3
for the purpose of bringing the top of d above .

that ¢ may be set u cement, thus making 4 and ¢

, If it were level Iike the fop of 8, the effect would be
;mply to tragafgn the Yuinerable point from the top of 8 t% the to of ¢ as s ahows it
b‘l{; ;ﬁ‘: fact the pier heads Where the &

tructure was increased to three and four
he harbour stif 0 T

 Ypon the work, T havem
- Bupported by the special ex

~ What was shown to be insufi

~ officient state, they might be
. ;‘:"}fﬂmthat many are br

; i the detached blocks

than hitherto, which will lend support to one another in a way that s
could not do. : o , ; it 5 e

33. The section thus modificd would have the foél(t))wu;gaiggltme%@e i
stability over the old seetion :— First, it Wouldhliu;;empp%:wa (a)g;' o Vot o
whole. Second, the vulnerable block No-:&;VONU 7 (c) byr its:fiéngitudih
third heavier than itself, (4) by a tie to bl,ﬂfh e e 1l would be pro
afforded by the cemented joints. Third, ek T must repeat that it is im
from undermining by an apron of concrete bloc ti;;'e' : e
to show the sufficiency of this ulx ﬁgurei,h as]imitsfﬂf
quantity. But I think it quiteutside the h greater than that
shall have to encounter a force of sea so muc tS': i ;
the strength of the new section would be greater

34, Uxiysugep Pormions.—I do 1‘105-.,?_1"??3& egmttba
should be applied to the portions of ﬂ?;" Rlzméédﬁﬁh:g
have shown no sign of weakness beyond ".’»"?’} 3 il s
foot of the sea walls. These should be Veﬂb‘ ety
It would be desirable, however, now thatthe gl
beating, to tie the top blocks together wa%m e o
for the new work, This would give addi mmmma‘m‘ o
of the next heavy sea coming from a point I_no‘a northerl
last, and the cost would be small, as (here are u gre “
Value for any other purpose. e hh

35. There is one further additional “ﬂ‘:ﬁt{; :V p—em
the curved portions of both piers, Thm v fo' seaward,
fact that if there should be an eaning over ! g g
would open out like a fan, 1T

cause will he effectually p
Would propose, as an additic
form a groove longitudinally along
round the curves, in which a strong chain ea
buried in conerete. The whole s
56. T would beg to call attention t
récommended is intended

fo preserve what exporienco hi

by radieal changes of plan, whi
nitifmatn'suémss will bo bes :

of restoration, T am met at
Yards of conercte block ‘work

roken ones, and will have




Ve
& - H R .
: G5 i Ao s ay estimated by
10 £ Voo _ difficulty, but there are oecasions gi‘?"_“;ii:: ]3;2 ia;{h her broadside dir
' ’ : o v the Marine Department) when & (x)p- such occasions it becomes
- ~38.. 1 have therefore divided my estimate into two parts : the first part 18 . thé i obliquely exposed to the Wlﬁd‘ he% head to swing to the wind. 23
A _ restoration of the work to its former state, exclusive of the small portions of W g off the stern moorings and & 0;{ and ghippingrc' 0es will be more dHnC
original design remaining incomplete, and the question of ultimately completing which, Lot will then roll to the swell, h'nthmgébroﬁg wind from one dire and a !
~ should remain for the present in abeyance. The second part is for the additional Wor u sometimes even prevented. Wi ﬂa’ . SN ,
. - of strengthening recommended, Thes first part is also presented in two alternatives—# ¥4 from another, the ship would rol ver{ual_'
maximum and a minimum—the former amounting to a little nnder 9 lakhs, and the i extreme cases that she woxrlld.bg m?;lf :
: latter a little over 6 lakhs. The sccond part is based on the prices at which the Wort by sending her fo sea. i Ty uli
has hitherto been carried on, and may therefore be taken as reliable. Its total 18 & b suggested that there would be 8 ety
little over 9 lakhs.  The total cost of placing the whole work in an efficient state may. L berth as that just deseribed whllgdﬁ‘a 1:-! n
thereforcflll)c b?ken‘as Iying between the limits of 1Gdand 188akhs, and I thinkfthriee This difficulty could gx:g gza;:;);r eat aiearhﬂ‘ poriod
years wi required f i : o o bl srations for 1%8 v taking the ship out of the harbo SR : :
Gotlation. q rom the time of recommeneing building operati . ‘i- Thepofﬁcers of tho Mirine Department are.

only be effectually eured by clog:pg_:lﬁg i:eaetxl; ;a?i
opening facing southwards in the-sog h 1)& E
this proposal, 1t is not because I qucstmm,;hiéh - 'ﬁmati
it premature to dispuss a question upon A Li¢
taken for the three or four years that w

39. The second part of the estimate (that for new works) is the amount which

Wm};"d i beck added to the original csti(mata if we had had )the data necessary for

: maﬂufxg provision agamst the force of a eyclone sea. The first part is the pe alty
D hout o, lgnorance on_this point. But I may remark that this is not altogether

‘ ‘?ro outits equivalent. If the work had been carried out in the first instance in itS

stronger form, its completion would have been delayed by two years, and for those

two yoars the harbour wou A i S b Wi I
- the daged pies, 0 Peenina loss efficient/stafe then HSNEN T

ill be required for

- - - ﬂlrea
portions of the piers. During those & &
and the bearing of this one partlwla:h mluggﬁf %
ment of the advantages afforded by the et

A Pimsnxirimrxcxmci oF ' : ke t rbmll‘ ' tion of a harbour or no harbour, bu :
o : tHE Hanpovr.—Indeed the business of the hal ; a question of a harbo ng harbour, B &
e proceeded with scarcely any change in eonénqt;leuﬁe of :he ?{Zident‘, and althou h of shelter, and the value Of»th?_ 1_’,1“-‘".@-‘“‘?‘1“”;. v then
steamers have the option of saving the payment of oxtra dues (levied according 0 ; ~ experience of actual work, The proposa: i e

e
« present admittedly inequitable system of charging ou the register tonnage instead of
A : e, St , ge ins .

: ’pa.:;he eargogs landed and shipped) by anchoring oﬁtside, theyg?nvariably submit to the

%}; vailg:e and.oome m. The injury to the harbour is scarcely felt during fine weather,
focts will be. bulle of the landing and shipping operations are carried on,, Jts evil .

; i eﬁo‘mh » felt in moderately rough weather, when more sea will come into the

Pt | ongh even then the damaged piers will be better than none. e
g &l With the view of ascertaining what is the amount of benefit at W‘mtv

- afforded by the harbour, T obtained, by the courtesy of the Collestor of Castoms 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 sceident to
~ the harbour works, and of the number of tons of cargo actually landed and shipped

-+ within the harbour during the same time. The fotal register tonnage of sailing vessels

-+ was 15,302, and I have not ascertained what quantity of cargo was landed and

confirmed by experience) a8 ¢
45, 8o far as carrying

by an immediate decision, BOT G0 & 1

the beginning, any materially cheaper p &

= more expeditious—than thath.f advancing 58
the inferval between them as a ]

- 'opening in such a pog;iﬁion
one of the Titans, removing the
rubble, The materials, of course, ©
_ entrance, which would be carried
- that in which the new openil)

~ available if the alteration be ul

! v : ; A6 e o expini

 shipped by these. - Thoy all lay outside the harbour. ‘The register tonnago of steamers | Havm e
it TAR R A s S8 Jirtn our. . Lhe register tonnage oI BISEH "1, it state of the worls an
Wwas 146,374 and the quantity of goods landed about‘:g)%.tons,;and of these hipped i . :Pl‘es';nt.:;f:q Of;hﬁ L i

000 tons, making a total of 28000, As the whole of this work was done at

5

wxate of boatchire less than that chargeable in the roads of half a rupee per tfm,g“
- sum of 18,000 rupocs represents tho proper carnings of tho harhour during the
 first three months following the storm, 1 put the matter in this way rather than by

£ ialost oy

o gwmg the dctual amount lovied as dues on ‘the register tonnage, because the latte

~~ An urgent indent shoul
~ with such modificatior
_ altered circumstances

_ immediately on

. +does not represent the amount®f business done in the harbour, and is i
pending arrangements for a more direct and equitable mode of making’
he half Tupee per ton also will be wuised, shen. the barbour and:

" s .20 s fomalete, fo one rupeé, and of course

S

b sir

“’" trance facing the .
erly seas, which are more freg
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6. Tue Sror¥.—The storm is thus described i 1 ' 5
: : . scribed in the official Meteorological Repo
issued by the Goveroment Astronomer on November 23rd 1881 :— :

“ A eyclone visited Madras on Saturda 1 ¥ ; :
% ; y and Sunday the 12th and 13th instant. It appears.
;21 }lxil;vewﬁ éﬁus’(e:lil its groeatest foroce while crossing the B}ny before reaching the coast of Southesn
- %ed - w;};1 d acconnt for t!:e }ngh and destructive sea, far beyond what might have
> xlx):tchnve !t‘;'u er :Illleteorologzcal‘mdmmons accompanying its progress. The centre of the_storm
- ba.rometspr 299. oonst considerably southward of Madras, Tlhe lowest reduced reading ©
b g Wwas 29-51 at 4 p.m. on Saturday ; and the strongest wind was experienced hef Wt
equi;'aient . AM. on Sunday, during which time it averaged 32 miles per hour in velocity,
o eoutiuueda pr&slsgre of about ai.lb. r square foot. Rain commenced at 1§ a.M. on Baturday
N o:xiSOB P.M., amounting in all to 819 inches—the twelfth heaviest fall on reco
s gty o No smglcf hour was extraordinarily sxcessive, but the persistence of bot.f
r Ty as n;murkable. The veering of the wind was as nsual for cyclones southwﬂl‘d' : "}
mint o resords of the anemograph furnish the following mid-times for each principa
po ‘e compass with the corresponding hourly velocitics :— :

N.\§ 1{{, W. ::' 3} P.M. | velocity 20 miles. | EN.E.at 1} am.; velocity 33 miles.
NNW. at 6& BN oder 29 do. | Bast at 24 am.; doo <25 do
I;:;n:th . :i 7& o] 88 o E.S.E at 4% ax; do. 18 do.
NNE 8! PGS ode 97 Ao, 8E. ‘at 74 am.; do.. 14 do:
N E 3 b loi PN don. 30 do. S_S.E. at 9; A} do.: 1} do.

B frm; do. 31 do i South at 10} am.; do. 13 do.”

7. The Astronomer here ulludes to the faet, to which I have .' ntl
3 ‘ ' myself frequently
:‘ggdf’ciﬁ‘*:}lgnnt? ﬁ}voert, that there is no relation be,tween the force andydirectioq of the
eiadiadn wﬁ;{g urhood of a eyelone and those of the sea which may ascompany S
e gt o % flot by thé wind which may happen to be blowing at the time at 38¥
& ({3 'oi o ¥ i(tlumt,ense atmospheric disturbunce at a distance, that is in the centre
sgh %ron - and from the site of that atmospherio disturbance (which when the
lace) the ; l? nOPth-wast at any place will lie between north-east and east of. that
g e BeA ¢ 1sturbance will proceed, propagated by laws which, so far as we know,
ave no similarity whatever to those by which the nfmazphoric .di wate ftself s
propagated.  On this goeusion the maxinium velocity of the wind at, Madras was 33
- e; s’ hour ; on vecasion of the great storm in May 1872 the velocify ‘was 53 miles
per hour ’blm l;éay 1874 it was 49 miles per hour; while in May 1877, when the
z‘;’:ﬁ etelikwk work of the north pier had advanced about 500 feet, the %””
mﬂesnlizf 'hgui? Sovere as in last November; though the velocity dthawxnd -4

b

-

8. 'The testimony of all observers is to the effect that the se
must rank Wlth those of the great historical cyeclones, though
o~ evidenoe asg-to.wl_lether it was actually as heavy or heavier. nfi

i Government. Architect, a very intelligent and close observely “RE 0 the other hand
to the rocent sea being considerably heavier than that of 18 ' torms, give the palm to

the officers ‘of the Marine Departmont, who witnessed both FlOC g of the sorew
that of 1872. A rough fest is afforded by its ® i 1872, in 1874, and

; action on the
G i b 2eduss the TS SRl it B0 SgILIs thert by

- doubt was the case over tho area of the harbour geert s i
ARV W SMC N80 BVEL uD. ! the harbith © ... » in over the piers as well as,
the co which would be caused by W%&#%&athﬁ"ﬁn& in which the ﬁr'::

thro trance. The end of the pier is
Hraale 4t tho ‘eu J‘he end of the pier 1# ]

and the he here was s 1o dmﬂit Eh., M“MHY raised,
’ b agiar i o R e
G other places the evidence ig alsp

g = ey inginee r, is the only person who d
Ar. Bhoomya Saenna, BUDC0 7 Gest ‘monsoon at Kurrachee, e(mm 3
with that raised by " succession of them was more rapid,

5 su ;e B L i
o was 10 feet. Mr. Chisholm estimated
Madras,* and at both places indepe 3;'2‘1* ‘

 effects preduced on the underlying

o over tho breakwalers at about 20

3

10. Mr. Thorowgood did not consider this sea to be so heavy to all appearan
as those he had witnégsed at the mouth of the Tyne, and he 18 conﬁrmed" by Mr
Underdown, the Foreman Diver, who was also engaged o the Tyne works.
11. I do not consider however that these comparisons are of much value. é
have given them because they are sure o be made by others if not by szse}‘i‘,’f
my own experience is that the appearance of the sea gives very lrj;ﬂo indication o
real force. = P -
19, Eywscis o SEA ON FOUNDATIONS.—When we coma {0 COMPEe EHR
however we are led to & more definite conclusion. The best test for pr purpo
of the force of sea is its power of undermining foundations. Itis
general practice of Engineers at home that a depth of 15 feet below lo
safe. At Alderney, where there is evidence of a power of sea gmgﬁ:r in
than at any place I know, foundations at that depth have never be: né'd
Wick, where a mass of concrete and masonry of 2,500 tons was moved
sea, and the height of the waves was ostimated at 42 feet, fo :

depth were untouched, and no action was found below 10 feet.

tioms T have ever heard of as being undermined were 11 feet be
the Tyne, but at Madras the walls were in two places for a short
at 22 feet below low waler.t MRt e
13. This is an effect I should never have antic
account for it by the supposition that there 18 50 C
disturbance to which the apparently heavier s on
‘nalogous. There is nothing improbable

area, and by 'a long 8 friction 0¥
the North Atlantic storms are cyclonic in thell
extend over o larger area, and have a less intensity,
14, But however this may be, it is ce
foundation which I allowed, more for
of security, was really required for
resulting from undermining on
eastern face of the pi
a serious amount of

The most im
sk wnr watr

r are nol g
15, FErveors OF SEA
‘i9 of a tofally different.
structure. The results
work of insufficient s
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therefore °Xposed at once to the previousiy unknown destructive action of
nearly maximpp force, : - |
g, €o8ign of the wek %6 exobuted at Madras ‘was the result of 3 careful
1nvestigation inty the cayiag of damago to previously exeented works.  Much mgtegth"
that ppeared fo he Superfluous iy them was dispensed with, but additiounl"&trcnﬁ_‘ .
Was giyen to the Parts that wepe retained. The lutest additions to the section We
aséd on the LXperience Bained gt Kuriachee, At that Place the first heaﬂ;&»m:_
showed wheye the greato impact of the waves fell, and thdt part was strengthen at |
a way that hag been quite Suceessful in g subsequent experience of nine years of
urrachee, ang for five years waq successful at Madras, but it failed under a 9::1; e
Breater force thap had pi'eviously been experienced at either place. To prev ki
B oorrence of the damage additiona] Strength must be given to the vulnerable pat
But it must bo uderstood that g}l euon Precautions are necessarily -te?tamf)e : the
: e1r sufficiency. We 3y feel confident as to their being right in principle, bu a
orci t;lf the geq tannot be estimated ip figures, and we are unable to say, “Zhegag
g?ll‘d {’;5 Btﬁﬂdﬁuet?essfally, What margin of stability it possessed, or when s
P bow much the destrugtiye force was in excess of its stability. The strength
of an iron girder or the Capacity of initely calculated 1
figures, b?ltifthé'ﬁfabﬂify '-bfpa Zaqbaizyeit?r chanmzl. m:y %e dgﬁnilézdyby precedent;
gmdeid by Judgmen gment and éxperience. i 1.0n e L
8 Theskbai. . . ‘ A,

o drive thep into the harbour, i
Was met by .thu ay, but in 10 case was any block forced to seaward. The tend_l??? ‘
] e P & 2 stoue joggle whioh lockéd the top course to the course belo i
. ¢ prevented if frop, sliding.” T; Drecaution was quite susemnetis 1 Kurracheo, and |
3 mmg@;ﬁ; :ﬁq:nng the same ghjeet having been from the first ﬁ:m:s

» oy e ey " wa PP
8iven by the action Zfith: :;scomphﬁely met that no evidence of its exis T

which Preceded that of the 12th November last. L
 the' process of qaeere tion of 11 ndeucy, however, forms a clue to enable us t oy
- Must have fallen with te R of the Plers.  The waves rising upon the sea

" vermific forog upon the top of the work on the harbour side, an
Jplaced i sy, 70 SOUTc, and sy, . soms e

bourses, bein, sea wall then standing alone yielded o

i D A

G..euerauy i)

el The fo
5 P

are necessarily h:
vation to just g
thirds of the damag

slight

second, wh

ope of the rub
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end is lifted 9 inches from the rubble bed, the block itself being tilted towards the

sea. The upper blocks are lyingin ponfusion on the sen slope of the rubble. T do not
* see how it is possible to attribute these resuits to any other action than nndermining
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 inacccssible. The action of the ses appears to have been exeeptivnally scvere
at this spot, for the original sandy botfora is scoured away 6 or 7 feet outside the

rubble. ‘

93. There is a portion of the south pier, also on’ the curve, which ap eﬂl’:e s
have been acted upon in a very similar manner. At these two places the break ﬂf .
form about the same angle, one on the right and the other on the left, wi S
vailing line of the waves, and here the scouring action on lhe. bottom fappf»‘;* S
ave been more violént than where the waves fell more directly on the face .

work. : .
24. Resmepes.—The whols of the actual damage to the works is due to one ot oth:;
of the above causes, and I think thet if the original section were amended so 88 ey
give increased strength to the two weak places shown to exist, every confidence !!the
be placed in its stability ander even a much heavier sea than the recent one;ad e
gection as varried eut was a perfectly good one to withstand a moderate sea, ke
effects of the heavier sea show no grounds for any radical alteration. Buch m: tg} :
as there was was good in quality and properly disposed, but there was not enoug 3“_
say the prineiples of the design were goo th; _

fo

1 oF perhie SN pia con'eog:ﬂie slightest justification for re-opeming the .
is ‘ ust: = e R

but not carried far epough. There v .
worn-out guestions of ‘thge relative merits of rapdom and placed blocks, or ‘of;bqnm
unbonded work. Breakwaters of random ﬁfbcks or of bondedfm&p:lg‘ i
stood if very much more massive than those which have partially @g’d’ B
seourity would have been due to their greater massiveness, nob

eiples of their construgtion. g
: 95, QuaLrry or MarEriss.~1I have suld hat

u m!; tha?::m deal has been said aboutnm iUl
i:bble base, and some d&nbtahge_ bee;;:;» e g
:;jzgm?m?nymdlm lad tothmkw £3 conts
~ there is not the slightest groun
 late disaster. The trouble
by the weight of the o {8
'"mam o bo set. a higher lovel than is
_ in execution, and it has tutx_ﬂ:%?{! id

¢h many were
as the granite
‘ t; of the stand-

broken.

A A e 0

b ;

Lave bocn sttt sl fo promast thoo brnkag
een reduce it been possible to keep the block & e
tl;em to these severe strains. Be ghls ae,it.may,phowem?ﬁ lﬂager hf&om
o eellent quality, as even the fractured surfaces of the broken blc
o reszﬂrattlllon of the work, as I shall presently point out, th
80 Iar there 1s 1o evidence to show that t
way to the failure of the work, é ot Wist thow breakngea

.21, SussipENcE.—Another point wﬁiﬁh
is the subsidence of the Bttnetu;cp?, but in.
It is quite certain that a rubble bank 20 fee
of 30 feet of conerete, and it is qquaﬂ%t

 ater must be to canse the rubble to sink into the sandy be

the necess(?y of adding to the top if it sinks below

no harm do




The rubble base aml blocks 1, 2, 3, and 4 are generally i

6, 7, and 8 are new blocks sumla.r to the old ones, except that MY’W‘H
hlgh instead of 8 feet, so' as to make up for the 2 feet of subs
and d being of the same dimensions as the old blocks, the latter can be |
available ;  is a thin block inserted for the purpose of bringing the “’P of
water level g0 that ¢ may be set upon 1t in a bed of cement, thus making
together into one block ¢

escape for the fal

simply to transfer the Vu}n«m'able pmnt :

by the fact thaf @ pier heads where the strucwre was iner

blocks in mdﬁ; &e« one ext ﬂ;e ha.rbour still gave way.

ﬁhﬁﬂld‘*be plaqed at as low a b
formed by t.h,s sea 15331{
ed parts of ¢
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: .. , __ ‘batbour entrances;® to the probability

< Peana- .- ESE s ““that when accustomed to a small ent
Sunteeland ... el n 4 small entrance
Aberdeen ... 7 + e it will be_found less formidable than
S hi wilo ;  anticipated, and also to the fact that from
; Mol ARpREICIOR: 20 difficulty has been felt with the present open-
ing of 550 feot, 1 heliove 400 feet, will be found & sufficient width, but the
axact width should be settled after the observations suggested m %;r;) 4 shall
%mve })6(‘,1_:[ completed. 'With such a width, 1 believe no x‘v-‘zwe of als).ize .to f:ause
inconvenience would exist within the harbours except durin | heavy 1/ nes
when 1 believe heavy swell would roll in through any entranci o b

L

t B LR et |

LA el ot et

i D o KA RN

mxn :f. : ﬂ;} As rog.ards the position of the enfrance, as the decision cannot be
acte upo?. until pl&l'lt has arrived from England, and the damaged walls have
l::,n re;pmr;zd, there is time to consider carefully whether any aiteraﬁon shall
made, after making eareful observations on t:he set ' ‘ '
: st of the waves and |
through the year. I feel certain that . ke
ug e f an entrance at the side should mot
near the outer line of surf as the depth of six fathoms, proposed b hnm.be 28
Atkendant. T £ S h e
Hon o wall 3 | 1t is hardly necessary for me to do more than refer b
sign of the ha.rhour W&HS Th" . 2= A er neﬁy {0 the de-
il . They cogsisted, in the normal section, of a base con-
22 ;;i' : ta 1;1 ?le mound, 78 feet wide on top with slopes of 1 to 1, and raised
s eongete(;,h?% foet below low-water line, on which stood two equal walls
- ks, each 12 feet wide, touching each other but not connected or
mb“ndh inck’gﬁ‘ﬂlﬂr 5 ‘ % Each wall consisted of a series of columns of four blocks each ‘
s eollmg , b;;g tly _‘backward at a slope of 3 inches per foot, leaning against the
blocks i‘xium*éa & mﬁ,’ ‘_’ml pressed against by the next column in front. The upPe"
each column were connected . :
: , by tenons, made on the blocks, to the

columns.  Each hlock %
by 4} in thickness, cxr,,t ured 12 feet in depth of bed, 8 feet in heights
41, and the normal Teight f“g t.?%}i‘fOnndation blocks. which wore 14 by 8 b¥
block in depth near the ge:él e wall was 29 feet, which was fndsesied by one .
i for o short distance only. Each block weighed

about 27 tons, of which
i ey tw  rore
times, set 3 month after (m:plw m};rﬂrﬂaﬂd cement, and they were, b

50 thafi, the weight of & block
mound was composed of
of boats, and the nori s
the southern ‘oue for the & oz
the Scll4 o oty serhteg
T8 TS work has bosh s
procodontedly low oost, being.
withi the follgwdg 7 ¢ - Daing:

a}er,. is under 16 tous. The rubble
sizes up to 2 or 8 ewt., deposited out

(:mgp;ﬂ.ti ¥a

755 i tenst admisible width, ‘but, looking fo the width PETTR e

one next below it ;! . ,
was no bond Orlte(’)m was an #ssential feature of the design "that there
 connecton. Interaly or ongitudinally between the vaEHS.

Tﬁ_}: specific gravity of the concrete was 2'3!

: the clbow was of laterite, While
2 is composed of greiss: from thenee %0 |

£ 166 per foot. if the compk
tional 40 lakhs, an outside estima
work will have been constructed at a W It 11 _
9. A comparisan shows that the cross section of the origi
slight compared with most othek breakwaters, and in its protot
Kurraches work, the vertical walls, which were of the same width,
three blocks high. Moreover, the sea at Kurrachee strikes the pier at
angle of about 65 degrees with the. line of the ~work, and gives on
oblique blow. The breakwater there has not‘rec'eived any M&W :

monsoon of 1874 S ,‘

10. T would next ofler somic remdrks on the charact
The Master Attendant reports there wasnowmd to spe:
men could have put oft outside the harbour; furthm‘

west, and that the cyclonic centre was fo nor
it afterwards ¢ pecurved.’ ' L
It appears, however, -the
that the centre was souphward of eas
tho const considerably southof Madras;
being at fisst north-north-west, and 0
to north-west, and was never to the
direction of the heavy sea at abou
centre to have been always o gouthwi
registered by the aneniometer Was o=
wind, as compared with 53 miles i 3
up during the night of the 11th
- place hefore noon of the 19th, but th
the nearcst approach of the et it
up to about 2 in the morning of |

record at Madras of 1t
There is every reason

_advaneing north



Wﬁxd‘bemg ﬂmn'toﬂw
0 - Co’s stémmer Clyde, which arrived from

southward th ‘
efnﬂmvmg dsy, had ohserved indications of a cyclam to the

northward of
‘her; and had slowed down to lot it pass,

s, and made careful enquiry 8s 50 the
and at its mouth, and found the de?‘h’
on the latest Marine survey-—
i 1\0 change has been recorded in the depu
s I tmk i fonstruction of the piars, nor, from the few sound:
sea bottom outside the ent:a};P:r htO :3;]‘ any decpening or scour acting on
* by the littoral eurrents, It appears

are too weak to ac
t on th
to displace the rubble mound. | RO hetalin, et o Lods, weuld, sy

the sea waves or gmtmd ¢
been hitherto considered a maxime
base has been acted on hoth by bein
;he ¥ settling to some extent into the sand,
sand at the toe of the rubble| mound
z};tuctnm caused by the Blow of ;ﬂ'ﬁ it
B i . el »and at the pier heads 29 feet, bel
e hega it which rubble can be moved by
Y beavy storm M wWaves must he greatly exte

b umg out of the ;
used - e ﬂ}e mound just outside the vertical

0f translation of the wam

w}nch was Wldened ‘ outA to our
the sea.

end are httlc L‘s‘; (hspl:u,ed ’than in the nt)rrhern pler ;
18. The uninjured parts of hoth piexs stand now at an equal helght above
the level of the sea, and, as regards the manner in which the fallen blocks tie,
it is remarkable that round both clhows the blocks have fallen Outwardb as
well as inwards in about equal proportions, while, in the faces or outer straigh
portions, they have generally been thrown over into the harbenr, and the outer
blocks have been the least disturbed. Th13 pecuhant} has been a}so fﬂund at
Kurrachee, on oceasions of damage during conttruction. e |
19. The ruble mound has not been much &ffected on the harbom'" side
but on Lhe sea side it is dmwn out mto . Inng slopc', ﬁﬂc@f&l’lﬂg &Bd n .

the same hel.,ht fmm wluch the ﬁrst '
move. If this hypothua}s he oorrect, i
failing in the same manner as there
rows of blocks, part of the oufer 10

21. The process has no doubt

(b).—The action of air bet:
wave, and tending
been intensified by &
Iaid on top of the
and which prevent
has been bm}cen up,




the undermining of

s 10 be prinecipally due to

ie

ul wati 1 $:3.1 1 3
ST > rubble mound on the  sea
side, as here the blocks bave chisfly fa)

L ]
and the rubble mound

| 3
HAE Deen most spverslss
28 most s!}\t‘ié.‘:;‘. acted on

ide walls is, T suggest, due

>

g Fiovor 43 3
:,é;-'f.‘:xl}%“ the I';")‘.'-,‘ onil

being protecied to sonie extent

DY tBe more Nl?f_iﬂ’:uq_‘} DOT

A4 14331 " i
2% The a0t 6f Yatowiti b or. 19 i
L ahd 1o dirbi oL laterite hay ng heen used for the base has been critieised,
ity 10 GoOUDE o1yl G
1 10 aoubtat would have heen etter had the harder stone ] celusively
I betier haul the harder stone been exclusively

28 YOAKONS geeiomerd fam ferg S 4
1] BEHL 10 T use are the greater facilitics for getting @
nplv and 444 o : : ; : 3
t¥s and the fact that ; G T T 11 niot be
xpected the rubble mound would not be

® It 3‘21’»*»\(;;{_.;» ”" ;L 5:"- tuture U‘}‘H‘w i u'rm?;! 'llﬂ{t the gneiss (},\Z‘i:}l‘lﬁi‘.’”ﬂiy;
walle ik v ot it M, of ﬂf‘:‘f principal causes of the fall of ¢ ;‘
W e cted the still standing north wall, whieh Sm’;"'f
s B BAve setiled more than the senth wall which stands on gOES

: e A o i § s AT
18 porth side wall.  consielilis

Wy the harbour, Mr. Chisholm is decidedly

i the harbour even after the damage

iy . The tide gauge shews that the level of the water in fthe

f‘“”i"vm  was considerably paised. prokably by the wator gontinaally poured in

"y the waves over the piers, so that it esased to register the Dheight on the

“({L The mse amounted possibly S0 2 or 8 feet, and ZAve rise t0 & current

setting ontof the harbous wicith of s'uﬂibj‘f"t strength to carry wreckaoe

out to sea.  This, no doubt, made the waves in the harbour more hollow and
dangerous. ‘ »

As the height of the pier ahove the ordinary sea lovel 1\ 18 feet, this Would

give the maximum height of wave in the harbour as near 16 feet above seq loyel.

(('{'\\',T:“ 26. I have now to refor to the guestion of re-construction and comple-

tion, and I believe it to be proved tha it W e o6 5 ifnirable bo attempt to com.

plete the work on the original prineizle of 8 vertical wall withoyt any bond-—
‘ s instead of two for the 1o

ven ; aﬂsm L 0 for the whole length of

the damaged part. The inner vow Wonld, i ‘believe, he Overthrown :

ily a8 it has been with two rows, and the FECHIPACH Of the uorty pier

cates that the same result might fafow, even withfonr wallg 7%

-3

nearly as

-t

head
or rows - fur
e ¢ ros e e 8 further
e clearing away of the fallen blegkh o Buike room for fhy i'(mna""t'} o
B Y ; e Yindations of 4
vertcal wall would be expensive and fedious, and 1 would adopt ¢} -
HOpt the

: A R R :
hlock, or Freuch system, leaving the “whole of the materiy) at
ground to form the nucleous of the fizw work,

random
IPean }
Presont on the

&3

" AR < £y .0
JOUr, 8ide of e

97. Tt will be necossary, in fhe fi st place, to comploto the: rubbl
hase, and as this will be protected by the superposed random blocks from the
action of the sea, T would raise it to zl_héigllt~ of 35 feet from the. boﬁom,
instead of 22, widening it on top 10 feet on the outside. beyond the e "
dimensions, and allow it to take its natural slope of 1 to1. If left to itself,
this would spread out infoa long slope of B or 9 to 1 ; but if the large ‘blocks
are deposited on it at once, it will probably remain at about 1} to 1 after

settlement. The toe of the rubble mound on the sea side should be protected

by an apron of rubble extending 80 feet outside the mound and 2 to 8 feet thick.
98. T would usc neiss stone exclusively for the mound, and it should

be, as far as possible, selocted as to size abdhe quarries on the French system,

the smaller stone being used in the centre of the mound and the larger for-

the outside. Tt can all be tipped from boats. i

99. The new blocks should bhe deposited close together, and as soon %?:&*:ﬁ

as possible after the mound has been ecompleted to its full secsian,

¢
and they should extend fo a depth of 25 feet helow the sea level. I piled up
to a height of 6 feet ahove high water, they would zradually sefile down, and
d for some time require fresh blocks %o be added to fill up the section.
They might be taken out on harges and deposited by a floating crane sach as
those used at Port Said, Alexandria, &¢. -
30. T would also deposit a row of blocks along the outer foc of the still. o
standing side walls for their whole length as they stand, after complating the
ble motnd, where it has been washed dewn, to its former section. -

1
-t
g

: : ; 3 . S £ 1 weppd Size of B
21, There is a convenicnee in adhering to the dimensions of the present 3 e

hlocks, owing to the formation of the block ground and travellers, which gives
great facilities for making, storing and transporting the present pattern of blmk% o
but it might he considered whether the thickness should not be increased one

faot, even if the hreadth were diminished, so a8 to lessen the ehanoe of frac %ure
of blocks after being placed in situ, and T would not set any blocks SE {088 RO |
than four months after completion, 1o give them time io thoroughly haen,
espeeially as, in the style of work propose&, they are subjected to more severe,

1Y
«

transverse strains than in a vegular walls ‘ o L
32. Whatever plan of rc-crxnftructihﬁ be decided on, no timcf sho@dbg,last T
in reVuming the tipping of granite rubble #n the outside of the piers sitﬁl btand‘
ing to complete the section and secure the “sides” from chance of injury, mld
also the manufacture of blocks to the full e f"n‘t‘pf%he storage capacity of ,ths:e
block grounds, which will be useful in finy tase, 3
¢ cost as follows :-

»

&

33. I have made a rough cstimate ol i
5 Fids LS,
Fagie

Plant i s

Establishment and contingencies

of

Deduet Blocks on hand and va-h;ie of

and I think fbis would not be exee
caleulations to arrive at any very exé
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