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bigh water, its bottom width being
from t\;ru.ve action by concrate blocks
o1 1t to & seotion measurin .

g roughly 4
to fall naturally at a slepe of | %er{ic
surface of the substrueture inside the

28 feet and its top wi : i i

feet p width 24 feet. This wall is protected

:w;'e'lgluug about 30 tous each, thrown into the seal in fro:t

I feet along the high-water line, whenee they are assumed

aw tlrl) 1 ]honzom:::d down to the rubble substructure. ‘I'he

Piccphemnt the Bistusbanis of o, ot all 1s also covered at its foot with large bags of concrete
A rubble and the consequent movement of the wall.

parently that fixed b i ified 1
respects subsequ 3 upon by the committee of 1833, modified in some
itfen in l;z(:lqsegﬂggcebgf ¥ 4 Parkes. It may be presumed that it was adopted by the com-
the least possible degr 81 esire to interfere with the original plan of the breakwaters in
Hawkshaw, has aonsti eet. 1 ]sny s0 because I find that one member of the committee, Sir J.
N s o 51: Hf,; thne Marmagoa breakwater on a section measuring 34 feet wide at the
PV A e 0 amlih § the top, and that another member, Sir J. Coode, has constructed the
i dind Bobocakcs te: a sectiof measuring 36 feet at the hottom and 34 feet at the top, and I
at Madras. 1 also § ;e;s}tllon, bearing in mind that it is not monolithie, so slight as that adopted
ot Clilogibo 3t L entirn] ' at the amount of wavebreaker at Marmagoa is very small, and that
i G ely absent, being replaced at Colombo by a layer of concrete in large
o ml; R e rubble deposit, suvilar to that proposed for the inside of the Madras br];:ﬁ
i 8 2 m;Ve w;riz{lox&elv ttll:lluk,;): Surlg' suxt:nhxieed that the settion advised by the committee
y thou ie best that i i
thought best under the general cirgumstanoea of the eﬁd > d@ed. iy nghey

5. In my npinion a wall of this cla i i i
; ) B Wi , ss, which depends for its existence on aid derived from
{?ﬁ:{‘mg ellw' is an unsatisfactory structure. I should like to see the present section increased
employed at (‘{olombo, and, with such a section, T think that a wavebreaker measurin
1o or 15 § ¢ ) : g
5 feet on the high-water line would be found sufficient. The wavebreaker in that case
would in fact be more a protector of the rubble substructure than of the wall, and it is a question
whether, instead of throwing in the wavebreaker blocks at random, the should not hg impl
1&;‘11 “‘b‘;"d"}iy t’:"’ln‘t the foot l‘f the wall. This would be more in aogordanoe :(i,th b:t’h {)hi
ombo an e Marmagoa plans, and with that which, after a costl : has been

, e . : » y experienee,
ek o iy ol i ot T ottt £

ek tmh, oy o rtapoe gty © WltVebrenker blocks with rubble stone.

e importance to & solid con i ;
observe that in the°~£$ioned rﬁm it hegins at the 1311"0?%‘"}’& o:b::,: ﬁf :,}:;,f l::,'d ;E
:'ﬂ)' 6 feet thick. I do not know what height of wave may be expected in Madras; but I do

now that a thicker capping aided by a heavy masonry parapet was blown up at Wick, and I
think it hi!:ly desirable, as well for its owh sake as for that of the blocks below it, which it
materially helps to keep in place, that it should be of a greater thickness. T do not see why it
should not be commenced at about the level of high water. - The wet concrete about that level
might perhaps require some temporary protection, but this, at any rate in some seasons of the
year, could be readily supplied. Many engineers, and myself amongst the number, bave used
m;melt:tg breakwaters ung:r worse eix"i)umstanﬁﬂ fililan ';hl?'thhiteh are gﬁéxn:ﬁered at
: he capping cannot be commenced nearer the Line of high water, it s I think,
be carried higher tggu. 2 feet above high water in the form of a wide and lofty pet. It
should be remembered that in England these cappings ecvmmence near the level of low wafer,
tlnﬁ'w'mdme"ﬁbemver the range of tide is material, and that thus a deep capping is
obtained without raising the work very high above high water. '

7. Tn respect ‘to cost, although T h t gone into the question, for I am only dealing
with the first consideration mecuri‘tg R E A I g h estions I have made would add to
it if adopted in a ‘“.Y'Mrit’ma e ¥, still I doubt if the sugg

ST LT degree.

8. The heads of th P . stronger section th
i it of g et oo sty (o Yl B o o
iqu 13::1~ : Bothﬁhue modificatious I think iwi:e :n&;%, befo-re the heads are commenced, I should
m *vﬁw mh plan as that adopte at Colombo, of iron caissons, will be .wnmdergd: The
utrance is 1ow to be so narrow Muricy y < ohit seriously interfere with the
§060e 50 VB Hh Bt €0 Kby vihr . Soviarie £ Bhe iy ‘mghig made";he Jess the risk of

SR i \ ‘more e L T n e 34
acilent o hm will b, . h grener th sty of the ghthovss wlich must b bt on

g er e RS % it scion of g, 4 of o
!3(.1.‘9 "'i““‘“? -‘; i, ﬂ“‘t" i‘paén:l‘:]‘;k:a];gl: ::éf!;:;(f‘f) :ﬁz :a nist}]e; trlsl&n Prwcti_ce in other places
justifies, i is in my opinion widesiiable. Lhat tho wayebreaker should be reduced from b Ioneth
of 40 feet to a length of 28 feet, but T would rather see the wall strengthened, bﬂl}l‘m"' t{ép Width
A dd ?glt’h"?‘}ﬂ;rgf; A4 feot, m which case I think the waﬁebm‘k"’k,‘”’glﬁlgt 2 g

high- of from 10 to 15 feet. o S ced by blocks °F o
laid in regular layers at the foot Oflt?h:e:t’nfl' bft:inzgg‘ thr:y 1;?‘11)12{:; Wﬂl . A

el
30 tons, and should like the ¥ Wl sient strength.
ke them heavier if the tifans by which they are sob 810 Of;;. it means that o

10 To respect to the second seotion of wan it right :
o o e e et L
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determined by experiment, 11 this be the meaning of the para.graph,
if the wall is streng enough alone to stand an exceptionally heavy gale.
However temporary may be the existence of the wall, it must plainly from the first be made to
a section that will stand unde:: the worst possible circumstances. 1t seems to be supposed that
the wall, as now desigoed, will stand under the worst circumstances without the aid of the
wavebreaker. 1 confess that I have doubts on the snb]ect, and B}:lould hke to see the wave-

breaker constructed, part passt, with the ws.a.ll. i

11. 'Ihis brings me to the vexed question of the position of the entrance ; and here it appears
b0 Tha timt 50 long a8 the question of its ultlma.te'pnst_tmr{ remains undetermined, there will be
veclhiio s and delays, and perhaps mistakes exlx;img in disasters, and that it is highly desirable
to set the question at rest as 5000 88 possible. - For my part, I cannot believe that the science of
marine eugiheerin is in so low & condltlon.tl.\q.t a point of tbls kind can only be determined by
an experiment which contemplates the possibility of our having to resort to the costly process of
taking up several hundred fe-et of b‘rea.kwater. And 1 fegl it 80 necessary that the question
should be settled at the earliest possible moment once and for ever, that, at the risk of being
thought too ready to express an opinion. ugon it, I do not hesitate to say that, in my judgment,
the eqstern entrance 28 at present .deslgned 18 & proper one, 1s a better one than any alternative
which has yet been proposed, and is the best which, uncer present circumstances, can be devised.

12. To make a harbour secure at the expense of its acoessibility, which to my mind is what
the best of the north-east entrances yet proposed would do, is a worse fault than to make it
accessible at the expense of its security, becanse we can as a rule improve the securityl}])jy internal

works, and we cannot improve the accessibility except by costly alterations which will diminish

the security.® ; . v
13. The Simil:: fact, in my judgment, 18 that the present scheme for a harbour at Madras

‘1 make no harbour worth the nwme at all.  What 1t does make is a satisfacto ;
Z)l;l. {xnaj‘rb?)ur yot to be designed within it. ' UML), LB
14. A harbour, it-seems to me, is of little value to Madras unless it provides a quay wall
ships may lie as in & dock, and take in or discharge their cargoes in perfect quiet
d there seems no difficulty in providing such a quayage at a cost which the result
ify. But, be the cost what it may, it seems to me that Madras is worth a safe

the entrance is finally

then we must gonsider

a,lf)ngside-Whieh
and seouritys an
would fully just
and commodious harbour. b AL - :
15. The type of harbour to which Aladras bo'ongs is very much that of Whitehaven, a co

of the chart of which I append to this report.  Many years ago I was Consulting Engineer y-d
this harbour, and I know 1t wel}. We have here an outer , forming an approach, and
i thing but an approach, to two inner harbours, each so enclosed by quays that ships lie undis-
turbed within them, with a space between them opening directly on to the outer harbour, and
forming a beaching ground for ships and waves. 1t would be easy to devise a similar scheme
for Madras, which would give it, say, 60 acres of enclosed dock (gates of course are not required),
9,000 feet linoal of wharfage, and 40 acres of quay space, enough to make it a first-class port for
a very large trade. Or, if it be preferred, the adjacent shores outside the harbour might be
® ilised for the purpose,and of i 3 'apwmbmﬁmn of both ideas is possible. I claim no

rority in suggesting either plan. Mr. Parkes has, I believe, ronghed out the latter idea,

{r. Thorowgood, the former, quite independently pf me. But I may say, as a corroboration of
their views more than anything else, that the first of the two schemes I have now suggested I
e sohod when the harbour was first proposed ; and 1 may add that, it it be adopted, the entrance
might be kept at the width originally given to it of 500 feet, which is by no means more than

it should be. y ik
16. 1 would remark, in conclusion, that I have no exact information as to the quantity of
eement employed in makin the concrete and concrete blocks. I refer to the point here because my
experionce leads me to think thet there has been a tendency on the part of engineers of late years
to use 00 small a proportion of cement, the result of whmhﬂhas }_15911 gome serious failures, The
importance of making blocks as nearly vlgatar-t; as possible is now greatly increased by the
discovery lately made that at least some Jortland cements are, as at present made, slowly soluble
in sea-water which deposits its magnesia in the concrete, taking up in place of it the lime of the
cement. SO long, however, 88 the sea-water canunot readily penetrate the conerete, and the
exhausted water cannot therefore be rapidly replaced by fresh supplies, that is to say, so long as
the action of the sea 18 confined to the surface of the concrete, the dissolving action of sea-water
may be pegleoted. But it is evidently of great importance that the eoncrete should be as water-
tight as possible, and for this purpose the quantity of sand, and, as a consequence, the quantity
of cement, employed must be ample. 1 suggest as a proper proportion three measures of broken
gtone or gmvel to two of sand and one of cement, ‘!:0 whig . aftgr the mixture of the rest, one
measure of large rou b rubble may be added. But the subject is one for experiment with the
T and stone actually employed. - e |
17. 1 am afraid that it may be considered that I have treated my instructions somewhat more

ently at greater len than they actually required. My apology for so
3:3? {; t;,;? Io%::?:hou gyht that it might ﬁoﬂnvement to the authorities in Indigfighd‘:% having
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BUILDINGS AND ROADS,
CIVIL WORKS.

Gobt. of {1889} ¥ mdrys.

PUBLIC WORKS.

Dated July, 1st.

Recd. Enet,

6.0., 1st July 1889, No. 1737 W,

JULY.

Madras Harbour

tch from the Secretary of State for
India communicating preliminary report by
Sir Alexander Rendel, K.C.LE., with regarq
to the reconstruction of the — and the
position of the entrance, and desiring that
the views of the Government may be ye.
ported to the Government of India, com.
municated to the Harbour,Trust Board fo,
expression of their views,
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Madras Farbour : reconstruction
and position of the entrance. e

* Dated 16th April 1889,
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India Office, :
London, 23rd May 1889.

I
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Public Works,
No. 7.

To His Exoellency Thg ’Right, Honourable The dovemor ‘
; In Council, Fort St. George. N :

i

I lave roceived vour Ex o
Works Le ' your Excellency’s Public
borting the proceedings taken by 0;” 1889, re-

0. 2, dat Jdniuary 1889
Bt s md2 Iiv,aow forward, for your 1
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