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Proceqding: of the Madras Government, Public Works Department,

26th Apri! 1867. ' : .
No. 489. tead the following Proceedings of the Government of India,-Public

Works Department (Civil Works—MMiscellaneous), to the Secretary to the -
Government of Madras, in the Public Works Department, dated Fort
William, 3rd April 1867, No. 284 C :— : N

pplicability of Screw-pile Light-houscs to the mouths of the Ricers and the Cousts of -
. - dudia. . .

Read—

Despateh No. 10, dated 31st January 1867, from the Sacretary of State for India, fc;rwarding
a Memorandum by Lieutenant-Colonel A Fraser, c. B., R. E, on the above subject.

~

Memorandum by Lieut.-Colonel A. "Fraser, c. B., B. E, on".Light-houses on
Screw-piles, and their applicability to the mouths of the Rivers and the
Coasts of India, for the information of the Goverument of India,

1. Having suggested to the Government of India the propriety of lighting
certain situations on the coasts of India by means of these structures, and the
Government of India having adopted my suzgestion in one case, and contemplating
its adoption in others; and from recent observation having obtained much experi-|
ence, and found that though suitable for some situations they are far from being so |
for others, I beg to put on record my views as to the situations for which such
structures are likely to prove of the highest value, and as to those in which it would,
be, in wy opinion, highly reprehensible to place them. ;

2. Ibclieve the only experiments made practically to measure the force of :
the waves, are those by Mr. Thomas Stevenson, c. E., who coatrived an instru-’
ment for that purpose, and who, in 1850, sent one out to me to experiment with in
India at the Alguada Reef, but which, on exposure during a South-West Monsoon
in that situation, was smashed up, I can only suppose, by some spar or stone driven
against it. The indications however of Mr. Stevenson’s ¢ Marine Dynamometer”
varied according to the season of the year, and the nature of the exposure.

The average indications registered at different places near Tyree and Skerry-
vore, exposed to the force of the Atlantic waves, gave a pressure, during the summer
months of the years 1813 and 1844, of 611 lbs. per square foot of surface, while the
average for the winter months for the same places for the same two years gave
"2,086 1bs. per square foot, or upwards of ¢three times that of the summer months ; it
also appeared that the greatest result obtained (and it is with the greatest results
we have to deal, and nbt with averages) in those two years was 4,335 1bs. per square
foot, and 6,000 lbs. have since been measured at the Skerryvore.

Mr. Alan Stevenson, c. ., who built the Skerryvore Light-house, observes in
liis Treatise on Light-houses (page 30) ‘ a primary inquiry as to towers in exposed
situations is the question, whether their stability should depend upon their strength
or their weight, or, in other words, on their colesion, or their inertia.”

-

In preferring weight to strength, we, Mr. Stevenson observed, more closely
follow the course pointed out by the analogy of nature, and that the effect of mere
tnertia is constant and unchangeable in its nature ; while the sérength which res_ults
even from the most judiciously disposed and well executed fixtures of a compara-
tively light fabric, is constantly subjcct to be.impaired by the loosening of such
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: { this kind
fixtures, OQQasioixed by th;a aimost incessant tremor £o which structgrcs o ,t 118 {1;
‘must be s &

uljject from the beating of the waves.

ese Principles were adopted by Smeaton 1
Smeaton by o did not fully adopt them, for the
in the bm]q-ln" and he trusted something to stre
&e., W.her%y?;s vibration is very great, and nine year
when 1t about 100 years old, it was very leaky.

Thes, principles again were adopted by Robert Stevens ‘
Alan “vl-m Yeaks above cjzmd of the Thomas who invented or applicd the Dyx.mmo-
meter) I ) of the Dell Rock Light-house, and more effectually still by
Alan Sterr1son in theo Skerryvore, and which I humbly followed in the construc-
tion of thy Alouada Reef Licht-house. So long as the foundations of the two la'ttcr
stand, they mz be consi d:r ed (humanly speaking) absolutely safe for all timo
against th, forZe of any waves, or against the force of anything which the waves
may drivgy | ’ © _ '

My q

altogethe,

n building tho Eddystone, ’tlfu.ugh
reis probabl y ngt sufficicat W.l.‘l.{_{'ht
ngth of joggles and doveot.mhng,
s ago when [ visited it and

on (the father of the

¥gainst them. ‘ o
Wn experience (and no living Engineer has more on these poin‘ts).goes
to confirm the experience of the above celebrated Light house Engincer
us fo the Value of inertia over strenglh for Light-houses in exposed situations.

5 lr. Gordon advocated the suitableness of an iron Light-house for the
Skerryvobe Rock, which, moreover, he undertook to build for wne-teath of the coxt
(S)fl; the’ s't() ¢ building which was erected by Mr. Stevenson. Wu know that the
knz::)t;lz:Q cost £37,000, and the Alguada Reef over £30,000, .but we now also
on his ow this same Mr. Gordon has had the opportunity of pgt‘t'l.ng: up a a.tructure
£18,689 b plan on the Great Basses Rocks off Ceylon, on an original estimate of

£54 OOO) Which has now been abandoned after an expenditure by the State of
) * - .

Mr. o
{he fitnes 4Alan S.tevenson briefly enumerat_es a few leading facts which bear upon
1st of an iron structure for such a situation as the Skerryvore —

N4 temporary barrack; similar in construction to that which stood so long

U the Bell Rock, and afterwards for several seasons at the Skerryvore
ond Yself, was carried away in one night. I '

. “Stones, some of which weighed as much as 5 tons, were swept by the
Waves over the top of the rock ; and much floating wreck-timber has been
aed Sen to pass elose to it. ' - :
 "“\The force of the waves, as indicated by the
 4th Ymounted to 6,000 1bs. per square foot.

Mirine Dynamometer, has
N\Two iron beacons were successive

o . ly. destroyed on the Borpheg Rock in
) ynish B?y, 12 mile$ land-ward of the Skerryvore Rock, one of which
as of a pillar form, and the other was a cone of iron-plates, like that pro-

It)osed by Mr. Gordon, having the lower part of the void filled.” Before

ltxe plate-beacon was carried away, a hole of two feet in diameter was

roken through one of the plates, most probably by a heavy spar urged

1 m‘end on by the waves. S °
myself ‘tht add much of my own ex

: perience to that of Mr. Stevenda .
¥ saying that I have seen, evenson, but conten

at the Alguada Recf,

,

W T, MR e

1 Public Works Department, ~ "~

stones over two tons in

DProceedings of the Mudrus Government, Public 1

‘ Vorks Departmen,
26 Lk April 1867, ' |

© weight driven along the rocks by a summer sca; and that, in the South-West -
~ Monsoon, similar stones have Leen whipt out of the foundation pit of the Light-

house, 5 feet below the surface of the rocks, and swept along the rocks ; and I have

also scen the wreck of one of my own lighters lifted bodily on to the rocks in
ordinarily bad weather of the North-East Monsoon.

4. The principle of construction of Lizht-houses on Screw-piles is to obtain the
least possible resistance to the force of the waves, and no doubt they generally
accomplish this almost entirely, for they ereate no sea, and present for resistance
only a pile of, at the outside, 8 inches diameter : the waves pass between the piles,
and do not run up the Light-louse as they would when acting on a stone or other
building of solid construction. DBut the value of the non-resistance of the piles is,
in a great measure, done away with when the foundation on which they stand
creates the force we wish to avoid in structures dependant for their stability, not
on their weight, but on their strength ; and such structures are quite unfit for situa-
tions, such as the Bell Rock, the Eddystone, the Skerryvore, the Alguada Reef, the
Great Basses off Ceylon, and the Prongs, forming the south-west extremity of the
north-western side of Bombay Harbour. ’

“There is” to quote again from Mr. Alan Stevenson, ““undoubtedly reason to

- fear that in structures of great height, urged by the continued force of the waves

and winds, a gradual deterioration of the fixtures may result from long continued
tremor, or that the pillars might suddenly sustain very serious injury from the
impact of heavy bodies thrown against them by the waves: and while in proportion
to the difficulty of the situation, the expense of the stone structure would increase,
so the undesirableness of being forced to renew any structure would increase also ;
and thus, while in many such places, the iron Light-house may be the most con-
venient and least expensive in prospect, the stone tower is the more satisfactory
and more durable when completed.”

5. I wholly agree with the above remarks of Mr. Stevenson, and though he
did not intend them to apply to Light-houses on Screw-piles which were then of
recent invention, yet they are obviously applicable to them in such situations. I
Lave no doubt in my own mind that if, instead of a stone Light-house on the Skerry.

vore or the Alguada Recf, the Basses, or the Prongs, a Light-house on piles were

- to be built, and a wreck or a heavy spar were to get jammed in amongst the piles

" and tie-rods, with the sea pounding at it with a force of between 4,000 and 6,000 1bs. .

per square foot, that such-a building would inevitably be earried away if expose

* to such pounding for any long period. The situation would not admit of the use

3

- of any boat, and consequently great risk of life would be involved in building such

¥

Light-houses in such situations, while the difficulty of keeping them painted and in
repair would be in proportion to the difficulty of approach to them.

6. This brings me to the point at which I would consider the situations for

* which piled Light-houses on Mitchell’s Screws would be, in my opinion, suitable.

There can be no doubt that there are many situations for which a stone or other
solid structure could not be adopted, or if it could, it would beof such expense that it

~“would be out of the question, while the adoption of a permanent structure, instead

of a floating light, is most desirable on the score both of efficiency and economy,

N
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exposed 1o the force of heavy scas, an

; 1
re, provided they are p : . uate mass and
posu'ré({)the momentum so destructive toany thing but stuno of adequate ma
acqui

] y Q

in water of a depth not less than 3 fathoms or more than 5 fathoms at low-
was in W

water where boats coul . oy ‘
ircumstances, do not acquire the force, nor could they drive anything against the
cir ,

structure with a force sufficient to destroy it m{d when :}l!)‘ﬂli}\a’ is dil t\';e!ll{agamst
it, it does not remain there but leaves it immediately. The etructq;!:i itself, lfxlo.r(;'
over, offering little resistance, creates no sca, and no force to cause v Aratzon, which
is the chicf cause of deterioration. L e ‘
'7. Light-houses on Screw-piles may thercfore, i{l my opinion, be erected in

any situations (having suitable ground for the screws)in 8 dgp.th of water bctwec.n
3 and 5 fathoms, with a total height not exceeding, where hurricanes may be anti-
cipated, 80 feet, and a height to floor of dwellings of not less tban 30 feet above
high water. 7 T T

They should never be built on rocks, with great exposure, over which in times
of commotion the green scas sweep. 7 S o

They should never be built in-shore, if such shore be cxposed to the open sca
between high and low-water marks; though they might be built ncar such shores
in 3 or 4 fathoms of water at low-water, e

The Skerryvore Rock is only about 8 feet above high-water, and is washed by
the full force of the North Atlantic. - : e

The Alguada Reef and the Great Basscs, in analogous situations in opposito
sides of the Bay of Bengal, are not quite so high out of the water as the Skerryvore,

and with nothing between them and the South Pole, are swept by the periodical

- turbulance of the Indian Ocean by scas driven possibly by such a cyclone as
happened, more to the northward, in 1864; and yct I have seen a design for a

Scr]iw_-pile Light-house for the Basses with the dwellings only 20 feet above the
rocks. ‘ . \ SR

The Prongs, the sea-ward extremity of the shore _on'th'e ﬂoﬂh-ﬁ-c'st side of

I?‘»ombay ha}‘lh)f)ll}'{héve nothing between them and the South Pole, and are similarly
liable to be swept by the wa ‘

ght-house of this construc.

d at all times be made available. - The waves, under these -

A

d they mayv be C‘“‘I'!")'ed even with such ex- -
sced outside the lines where the waves break, and have

ves of the Indian Ocean from the most dan gerous quarter,

afld yet it is proposed, I believe, to build a Light-house of gx:eat leight on Screw-
pllel.s at about low~wgter, 8o that it should feel the full force of the breaking waves
during the whole of its (probably short) existence. - :

None of these situations, or any similar sitﬁatidns, are,

fori . in my opinion, suitable
oriron structures of any kind which have not weight to res

ist the acquired force of

h .of Martabz}n, and I annex a drawing of
w6 here there is 4 fathoms of water at low-water and 8
ommended similar structyres of a less expensive charac-

s

what 1t is inteﬁded tobe. B
suitable bottom, I have rec
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Proceedings of the Madras Government, Public Works Department,
26'h April 1367, ‘

ter for the shore at the mouth of the Rangoon River, where it would take a very
long time, and be very expensive to erect masonry buildings.

I have further recommended a Screw-pile Light-house on an exactly similar plan
as that for the Krishna Shoal for the Oyster Reef off Akyab; but then I propose to
put it inside the Reef in deep-water of from 4 to 5 fathoms. Any stone or solid
‘structure on this Reef, which has at its highest point a fathom of water over it,
would be certainly ten times the cost of the iron Light-house.

Similarly, the tails of the sands at the mouth of the Hooghly and Mutlah, in
from 3 to 4 fathoms of water, would be, if the bottom be suitable for the SCTews,
very proper situations for these Light-houses on Screw-piles : and I hope by careful
superintendence in this country of this one Light-house, to secure a type of edifice
which shall not only be suitable to the Krishna Shoal, but, with more or less varia-
tion, be suitable to all situations where they can, or ought to be, put up, both as
regards strength and fitness to the climate and their purpose. . :

These Serew-pile buildings would be also peculiarly adaptable to such seas as
the Red Sea, the Persian Gulf, the Malacca Straits, and the mouths of the great

rivers debouching on the Madras Coust, either outside or inside the line of surf, &e., ‘
&e. i :

9. Finally, Istrong Iy recommend the use of such buildings on account of
their comparative cheapness, and the celerity with which they may be constructed
in almost all situations where other material or labour is difficult to obtain, and
where they are not exposed to that force which is acquired by the breaking of heavy
ocean-waves, and which force is, in my humble opinion, irresistible for any long
period by anything but massand weight. The buildings on piles of solid wrought-
iron are designed to offer no resistance to the sea, and to place them in situations
where the ground on which they stand offers that resistance, and causes that force
which they are specially designed to avoid is a mistake which the simple “fecling”
(by which word Smeaton expressed ‘¢ professional experience™) of an experienced
Light-house Engineer, in the absence of reliable data in regard to the force of break.
ing ocean-waves hurled on a beach or rock, with a probable force of nearly 3 tons
to the square foot, would not allow him to commit.

ORDEB.—O-rdéred;, that éopi'es of the Memorandum be forwarded for informa-
tion to the Governments of Madras, Bombay, and Bengal, and the Chief Commis-
sioner of British Burma_th.

(Signed) C. H. DICKENS, Colonel, R. A.,
Secretary to the Government of India.. '

P T
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partment and to the Superintending
Engineers. ’

(True Extract.) -

- Colonel, R, E.,

Sceretary to Governmend,

To the Marine Department.
.»» Superintending Engineers.
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