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the coming into force of the Madras Harbour Trust Act, whereby
the direct control, properties, duties, and liabilities in connection
with the port passed to a Board of Trustees. So, at the end of 1886
the question of the position of the entrance was revived by the new
Board, and their proposal met with the strong approval of the
Governments of Madras and India. The result was the appoint-
ment by the Secretary of State of a new Committee, stronger this
time in nautical experts, consisting of Admirals Sir Nowell Salmon
and Sir George Nares and gir John Coode, Past-President Inst. C.E.,
who, in 1887, reported in favour of the adoption of a north-east
entrance. In the following year a similar suggestion was made by
Mr. A. L. Pogson, who had succeeded to the harbour-engineership ;
but this, on going forward to the Secretary of State, with the
strong support of the Governments of Madras and of India, was
again rejected by that high authority with instructions that the
harbour should be completed on the old design with an eastern
entrance. The harbour on this design was completed in 1895. During
the next 9 years various schemes were put forward by Sir A. M.
Rendel, M. Inst. C.E., Mr. W. B. de Winton, and Mr. F. J. Wilson,
M. Inst. C.E., for ship-docks, boat-docks, or quay-walls of sundry
designs; but the feeling of the practical mercantile men, of whom
for the most part the Harbour Board is ordinarily composed, was
that, however Jesirable such luxuries might be in the future, the
trade of Madras was not then of sufficient magnitude to afford them,
and that the matter of real and immediate urgency was that the shore
side of the harbour should be suitably equipped with piers, cranes,
sheds, sidings, roads, etc., on an adequate scale for the traffic offering
itself. The harbour, however, continued to be very rough and un-
comfortable, so in 1902 the matter was referred by the Secretary of
State for India to a Committee composed of Admiral Sir George
S§. Nares, Assoc. Inst. C.E., Sir Charles A. Hartley, M. Inst. C.E.,
and Mr. (now Sir) Wm. Matthews, Past-President Inst. C.E., who
reported strongly in favour of the design of entrance which has
since, finally, been adopted. Eventually in 1903 definite proposals
and estimates were submitted, based on the advice of Sir
Alexander Rendel, obtained during a visit to Madras, for the
construction of a north-eastern entrance and for the closure of
the old one, at a cost of 45 lakhs of rupees; and these works,
having been sanctioned in due course by the Secretary of State,
were put in band under Mr. F. J. Wilson as the Port Trust's
Chief Engineer. Early in 1904, on retirement from 34} years’
cervice with the Government, the Author came on the scene as
(hairman of the Port Trust, and 2 years later he combined this
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alongside quays. For the swell, whether due to the north-east or
to the south-west monsoon, rolled in impartially, and the 3 square
mile of enclosure was not of suflicient aren to dissipate it. In all
weathers there was some surf near the shove, and in heavy wenther,
as already stated, there was enough surf to wreck many of the lighters
then in use year after year. After the completion of the remodelling
work, a printed circular was handed to the master of each vessel
visiting the port during a period of 3 months, with the request that
he would record his views as to the effect of the remodelling.  The
replies which have come in are unanimous in expressing the opinion
that the result is all that eould be desired from a nautical point of
view. The Author proposes at this stage to offer a brief acecount of
the construction of the three parts of which, in an engineering sense,
the remodelling may be said to have consisted : nawmely, first, of the
construction of the new sheltering arm or breakwater; secondly, of
the opening out of the new north-eastern entrance; and thirdly, of
the closing of the old eastern entrance,

The New North Sheltering Breakwater—This work (K, Fig. 1,
and Figs. 4, 5, and 6, Plate 4) has been constracted on the sloping
slice-work principle, which was used for the construction of the earlier
breakwaters. TIts breadth is 36 feet and its height above the rubble
base 43 to 50 feet. Fig. 5 shows how the blocks, weighing 25 to
30 tons, break joint. In order to help in solidifying the bond
without interfering with the free settlement of the individual slices,
grooves weve left, as shown at G, Fig. 5, forming, at ench vertical
joint between the slices, chimneys which luter have been runmed
full of bags of concrete. When suflicient time had elapsed for a
fair degree of settlement to huve occurred, the top 5 fect of solid
concrete capping was added, with vertical joints at every sixth
slice. The whole rests on a bed of rubble stone dropped in
advance from boats and levelled off by divers, just in front of the
progressing slice-work.  This rubble base is about 180 feet wide and
15 feet thick. Its average settlement into the sandy, and in places
clayey, sea-bed, aud within itself, due to the weight of the breakwater
and to the vibration of the titan crane on top of it, has been about
2feet. The settlement is, of course, more or less irregular, but as the
concrete capping was not added until most of the subsidence to be
expected had taken place, there was opportunity to form the top of
the breakwater to a level surface.

The most troublesome part of the construction of this breakwater
was the joining up of the old and the new work. This triangular
part, about 300 feet long (L, Fig. 1), had not only to be joined up
with the breukwater of 1895 but also to be dovetailed into the
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wrecked submerged breakwater of 1881. Needless to say, it was
impossible to build this part of slice-work; it had to be built up
slowly, the conditions changing daily, with bag-concrete below water,
with blocks of all sizes between 5 and 30 tons, and with mass conerete
laid above water. The eonstruction of this portion occupied just a
year, from January, 1906, to January, 1907, or a fifth of the time
required to complete the entire brenkwater. This junction part, as
well as about 565 feet more of the slice-work part, is on a curve of
2,000 feet radius, and in order to form this curve aradial course was
introduced at every tenth slice.

Once slice-work began, in January, 1907, it went on fairly rapidly,
at the rate of about 90 slices or 575 feet per annum, until the outer
end was reached, where a steel caisson, 42 feet square (Fig. 10,
Plate 5), was floated, sunk, and filled, forming, with its handsome
granite capping, parapets, and lighthouse, a solid 5,000-ton block.
The subject of the cost of this breakwater is dealt with separately,
as also that of the floating, sinking, and filling of its terminal
caisson. Outside the entire length of the breakwater there has
been laid, pell-mell, the wave-breaking protection shown in Fig. 5.
As will be seen, part of this consists of heavy rubble stone and the
rest of 30- to 33-ton square blocks similar to those nsed (Fig. 4)
in the older breakwaters since the cyclone of 1881. 8o far, this
wave-breaking protection has not moved and seems to be entirely
adequate.

Opening the North-East Entrance—The position of this will be
seen at M in Fig. 1. In order to open it, it was necessary
(Fig. 8, Plate 5) first to remove the pell-mell blocks from the
outside of the old north breakwater, then to remove about 600 feet
in length of the old slice-work, next to dredge away the old rubble
bnse to a depth of 36 feet, and, finally, to remake the slice-work at
both ends on a gradually deepening bottom, because the old work
had been founded at a depth of only 20 feet below low water on top
of its 19 feet of rubble base, and it was necessary that the two ends
of the new work flanking the new entrance should go down to a
depth of 35 feet. The west end of the new work was easy enough,
because the slice-work of the old breakwater was merely continued
outwards ata gradually increasing depth. But before the slice-work
at the east end could be begun it was necessary (Fig. 9, Plate 5)
to build up a sloping face, or skewback, from which to stact it, and
this, of course, was difficult and took time. Both ends of the
new entrance have been finished off with heads 36 feet wide, of
square blockwork faced above water with rock-faced granite and

timber-fendered in front. On these square ends stand granite-fuced
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reinforced-concrete lighthouses, each on a hase finely finished with a
heavy eut granite coping, and provided with hoat-steps.

For removing the old rubble base down to a depth of 35 to 37 feet
~—an 80,000-ton job—a powerful 500-ton bucket hopper dredger, the
“ Triton,” built in 1891 by Messrs. Simons, of Renfrew, was bought
from the Ceylon harbour-authorities. She carried out her work
very effectively, The first block of the slice-work was blasted out in
May, 1908. The whole of the opening, to its temporarily extended
length of 600 feet, was finished by the 15th Septeraber, 1909, The
first vessel to go out of the new opening was the British Tndia
Steam Navigation Comp;my% “Tara” on the 9th December, 1909,
in the presence of ILK. the Viceroy of Indin. The entrance,
however, was not used regularly for all vessels until a month
later, and dredging was not completed until the mounth of May,
1910. Some of the authorities consulted about the change of
entrance ade rather a point of the disturbance likely to be found
in the harbowr during the two or three monsoon seasons when both
the old and the new entrances would be open simultaneously; but
nothing of the sort of any serious monent was experienced, doubtless
because of the protection offered by the partially-finished sheltering
breakwater. From these datesit will be seen that the new entrance
came into regular use 18 months from the start, and that it was fully
finished within 2 years.

Closing the Old Euirance~This work consisted of the same kind
of slice-work as was used in the new breakwater, of a breadth of
36 feet, as shown in Figs. 4,5 and 6, Plate 4. The two lots of sloping
slices had to start each from its own abutment—the old eylindrical-
caisson heads—and to approach uutil they met at the bottom, leaving
a V-shaped gap to be filled in at the last (Fig. 7, Plate 4). But in
order to start them from the ends of the old work it was necessary
somehow to build up a sloped skewback butting on each of the old
cylindrieal caissons, and it became clear not only that the building
of two such structures would be slow and diflicult, but also that they
would be very liable to be overthrown by heavy seas, in which case
the blocks composing them might be dangerous to navigation until
removed. Therefore, unless something better could be substituted
for them, the building of such skewbacks would have to be deferred
until the old entrance was closed to vessels in January, 1910, and
then there would be the long delay in building them piecemeal and
the risk of their being wrecked in May, 1910, before they could be
protected by heavy slice-work in front of them. In order to prevent
such delay two steel caissons were designed, of the form shown in
Fig. 12, Plate 5, to fit, more or less, against the cylindrical
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caissons flanking the harbour-entrance, with a space between large
enough to be stanched by concrete in bags, and with a skew face out in
front, on which the first of the concrete-block slices might lie. Such
structures as these would not, it was clear, be liable when filled to
be shifted by heavy seas; they might, therefore, be laid down—
and one of them was laid down—while the entrance was still
open to traffic; and once they had been laid, the two parts of the
slice-work intended to work out towards a junction in the centre of
the entrance might be hegun very much earlier than would be
possible if structures of form similar to the caissons had to be
built up laboriously, of small blocks and bags, only after the final
closing of the enirance. These two caissous formed a very
interesting feature of the work and will be dealt with later in detail,
Had the two titan cranes used for the slice-work been both avail-
able simultaneously for starting work, one at each end, the final
V-shaped opening might have found itself in the centre of the
closed entrance. But they were not so available, and though
the first slice at the north end was started on the 1st March, 1910,
that at the south end could only be started about 3 months later
when the titan crane had had time to get round from the new
entrance—a 32 days’ journey for a crane weighing 25Q tons. The
consequence is that the V is 130 feet south of the middle of the gap
which has been filled (Fig. 7). The new piece of breakwater filling
the old entrance stands, as does the new sheltering arm, on a bed of
rubble 14 feet thick and 180 feet broad, dropped from boats and
levelled by divers. The settlement of the slice-work on top of the
rubble has not been quite so regular as in the case of the sheltering
breakwater—possibly partly because of the jamming effect of the
V wedge, which prevents the slight creep outwards that slice-work
ig able to make during settlement when it is free at its outer end.
Outside the closed entrance there are the same pell-mell blocks
overlying large rubble stone as are to be found in the rest of the
new work. The actual closing of the old entrance took just 6%
months; but the mass-concrete capping was delayed for a few
months pending the final settlement of the slice-work. The har-
bour face of the new work closing the old entrance, a length of
500 feet, has been furnished with bollards, for the use of vessels
desiring to lie alongside in 26 feet of water at low water. Needless
to say, with so narrow a working-space as is afforded on top of the
breakwater, only a limited class of vessels will probably use this
place as a quay; but it will be useful for troops and passengers and
for cargo intended for direct dispatch by rail, as well as for export
minerals and other produce arriving direct by vail. The fivst vessel
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reinforeed-concrete ligllthouses, each on a hase finely finished with a
heavy cut granite coping, and provided with hont-steps.

For removing the old rubhle hase down to & depth of 35 to 37 feet
~—an 80,000-ton job—a powerful 500-ton hucket hopper dredger, the
“Triton,” built in 1891 by Messrs, Simons, of Renfrow, was bought
from the Ceylon harbour-authoritics, She carvied out her work
very elfectively.  The fivst block of the slice-work was blasted out in
May, 1908.  The whole of the opening, to its temporarily extended
length of 600 feet, wus finished by the 15th September, 1909, The
first vessel to go out of the new opening was the Dritish Tndia
Steam Navigation Company’s “ Tara” on the 9th December, 1909,
in the presence of ILE, the Viceroy of India.  The entrance,
however, was not used regnlauly for all vessels until & monih
later, and dredging was not completed until the month of May,
1910.  Some of the authovities consulted about the change of
entrance made rather a poing of the disturbance likely to he found
in the harbowr during the two or three monsoon seasons when both
the old and the new entrances would be open simultaneously ; but
nothing of the sort of any serious moment was experienced, doubtless
because of the protection offered by the partially-finished shelteving
breakwater. From these dates it will be seen that the new entrance
came into regnlar use 18 months from the start, and that it was fully
finished within 2 years.

Closing the Old Entrance —-This work consisted of the snne kind
of slice-work as was used in the new breakwater, of a breadth of
36 feet, as shown in Figs. 4, 5 and 6, Plate 4. The two lots of sloping
slices had to start each from its own abutment—the old cylindrical-
caisson heads—and to approach until they et at the bottom, leaving
a V-shaped gap to be filled in at the last (Fig. 7, Plate 4).  But in
order to start them from the ends of the olil work it was necessarvy
somehow to build up a sloped skewback butting on each of the old
cylindrical caissons, and it became clear not only that the building
of two such structures would be slow and difticult, but ulso that they
would be very liable to be overthrown by heavy seas, in which case
the blocks composing themn might he dangerous to navigation until
removed. Therefore, unless something better could be substituted
for them, the bullding of such skewbacks would have to be deferred
until the old entrunce was closed to vessels in January, 1910, and
then there would be the long delay in building them piecemeal and
the risk of their being wrecked in May, 1910, before they could be
protected by heavy slice-work in front of them. In order to prevent
such delay two steel caissons were designed, of the form shown in
Fig. 12, Plate 5, to fit, more or less, against the cylindrical
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caissons flanking the harbour-entrance, with a space between large
enough to be stanched by concrete in bags, and with a skew face out in
front, on which the first of the concrete-block slices might lie. Such
structures as these would not, it was clear, be liable when filled to
be shifted by heavy seas; they might, therefore, be laid down—
and one of them wus laid down—while the entrance was still
open to traffic; and once they had been laid, the two parts of the
slice-work intended to work out towards a junction in the centre of
the entrance might be begun very much earlier than: would be
possible if structures of form similar to the caissons had to be

built up laboriously, of small blocks and bags, only after the final

closing of the enwrance. These two caissons formed a very

interesting feature of the work and will be dealt with later in detail,
Had the two titan cranes used for the slice-work been both avail-
able simultaneously for starting work, one at each end, the final
V-shaped opening might have found itself in the centre of the
closed entrance. But they were not so available, and though
the first slice at the north end was started on the Ist March, 1910,
that at the south end could only be started about 3 months later
when the fitan crane had had time to get round from the new
entrance—a 32 days’ journey for a crane weighing 250 tons. The
consequence is that the V is 130 feet south of the middle of the gap
which has been filled (Fig. 7). The new piece of breakwater filling
the old entrance stands, as does the new sheltering arm, on a bed of
rubble 14 feet thick and 180 feet broad, dropped from boats and
levelled by divers. The settlement of the slice-work on top of the
rubble has not been quite so regular as in the case of the sheltering
breakwater—possibly partly because of the jamming effect of the
V wedge, which prevents the slight creep outwards that slice-work
is able to make during settlement when it is free at its outer end.
Outside the closed entrance there are the same pell-mell blocks
overlying large rubble stone as are to be found in the rest of the
new work. The actual closing of the old entrance took just 6}
months; but the mass-concrete capping was delayed for a few
months pending the final settlement of the slice-work. The har-
bour face of the new work closing the old entrance, a length of
500 feet, has been furnished with bollards, for the use of vessels
desiring to lie alongside in 26 feet of water at low water., Needless
to say, with so narrow a working-space as is afforded on top of the
breakwater, only a limited class of vessels will probably use this
place as a quay; but it will be useful for troops and passengers and
for cargo intended for direct dispatch by rail, as well as for export
minerals and other produce arriving direct by rail. The first vesscl
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last possible day of the smooth season; but even then the very great
difficulties were encountered because of swell and of the work con-
tinuing after dark, and the result was that the caisson came down
on its bed (Fig. 14) 17 feet to the west of its intended site, but
with fairly good direction. This caisson also sank far too slowly for
effective control during the critical few minutes, whilst it was being
tossed up and down to a height of 6 or 8 feet on the swell.

The lesson taught by the failure of the first of the two skewback
caissons to sink exactly on its intended position led to far greater
precautions being taken when, 5 months later, its fellow at the
south end of the old entrance ecame to be sunk. This last caisson
(Figs. 7, 11 and 14), which just before sinking drew 27 feet and
displaced 730 tons, took 44 days to erect, 71 days to prepare
for sinking, and 37 days to fill with concrete after sinking. It
was very necessary that it should sit dowh in the exact position
intended, because the wall of blocks stretching out from the
north caisson had to meet that stretching out from the other
fair and square. Therefore while all gear for pulling and hauling
this third caisson was made stronger—a vain precaution, because
ropes broke here as with the other two—it was furnished with
six 12-inch sluices instead of the four used in the first and the
two in the second caisson; moreover, its sluices were put 5 feet
from the bottom instead of 10 feet, as in the other two. That
is to say, when sinking began the six sluice-valves were 15 feet
under water, instead of a couple of feet only, in order that the
critical minutes might be still fewer. Also it was decided that
if the caisson did not sink to the exact position it was to be
pumped out until near flotation-point, and then slid along the bed
by chains and union-screws. In forming the bed of this caisson,
therefore, instead of leaving it like that of the others with no
better surface than a few inches of road-metal laid level over
the rubble base, a number of old rails were laid correctly on the
base by divers and were levelled in between with road-metal. The
consequence was that when, on the 26th February, 1910, the third
caisson was sunk, but did not take bottom nearer than 3 feet from
the predestined position, it was slid over there quite easily on the
rail bed a day or two later. ,

Figs. 12 and 13, Plate 5, show how all three caissons were
handled, All were hauled into place tight up against their
heavy vertical timber guides by steam winches on board the
dredger “Madras,” which, for this purpose, had been furnished

. with a pair of inhauls and an outhaul of 7-inch manila rope.

All three were pulled to the right or to the left by winches fixed

[THE INST, C.E. VOL. ¢XC.] ¢
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?V'orking—day, at 4+9d. per tom, or, reckoning depreciation and
Interest, 7-3d. per ton,

The 500-ton bucket hopper dredger  Triton ” has been used largely
for deepening coal-berths which, under the old conditions of
landing, used to get filled rapidly by coal fulling between ship and
lighter. Also it did all the dredging needed in order to prepare the
sea-bed for ships using the steel wharf (G, Fig. 1) on the south
arm. But its principal work has been the removal of the rubble
underlying the block-work (Figs. 8 and Ba, b and ¢, Plate 5) at the
site of the new entrance. This it has done to the extent of about
85,000 tons, at a cost of about 3s. 6d. per ton; or, if a due per-
centage he added, as expluined elsewhere, for establishment and
plant, at the cost of slightly over 5s. per ton. This last work has
been very severe on the “Triton,” and it has cost a good deal to
keep it in working condition, which would not have been possible
had not the Port Trust had its own slipway (N, Fig. 1). All this
outlay, however, is included in the per-ton rate.

Foreshore Revetment.—Much of the land on which the new sheds
have been built has been reclaimed from the shallow water at the
west side of the harbour and brought up to level 12 feet, which
is the predestined level of all future quays and yard. But the surf
inside the harbour was perpetually nibbling at the land so reclaimed,
and endeavouring to undermine the foundations of the new sheds,
so something had to be done to stop this action. The means
employed to that end was the formation of the bank of rough rubble
stone all along the front, with an apron below it, as shown in Fig. 18,
Plate 5. This quite effectively stopped all erosion of the new
works due to surf-action, even in heavy weather before the old
entrance was closed, when waves were coming right over the

12-foot level. It has cost about Rs.40, or £2 13s. 4d., per lineal
foot, and the stone will all come in for use later in the super-
structure of the ship-quay to be described farther on. About 1,500 -
lineal feet, or the southern half, of the western face of the
harbour has been so reveted, and it is from this revetment that
three of the steel piers project. Needless to say, this revetment
and the steel piers projecting from it are only semi-permanent
works, for use perhaps for 10 or 20 years, until such time as the
financial condition of the Port or the generosity of Government
shall permit their replacement by permanent, deep-water quays.
This particular form of rough rubble revetment labours under the
disadvantage that the stretch of foreshore protected by it is not
available for use hy lighters for landing and shipping, except near

the ends of the projecting piers. It was the endeavour to sub-
¢ 2

“
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stitute for it some other sort of protection, which might alsc
serve as a quay for lighters, that led the Author to invent the
form of reinforced-concrete wharfing referred to later, of which
the special feature is that, inasmuch as it iy too thin to serve
as a retaining-wall, it is tied back into the land behind it by
a series of adequate steel ties attached to anchors set behind the

probable line of slip.

Tng INteRNAL Eguirment oF THE ITARBOUR.

Piers and Wharres. Up to 5 or § years ago the only equipment
possessed by the Port of Madras for landing or shipping cargo, apart
from the natural sea-beach, consisted of the following :—

(1) An old 8-inch iron serew-pile pier 1,100 fept long by 42 feet
wide, with a T head measuring 160 feet by 42 fect. This pier, having
been erected in the days when there was no harbour, {s decked
at a height necessary for hLeavy sens but quite unnecessary in
sheltered water. It cost about £10,000, or about £1 6s. 8d.
per square foot, and was, and is still, furnished with a number of
push-about 1-ton hand-cranes, & few 3-ton steam-cranes, and an old
20-ton band-crane, lately converted into a 10-ton stean-crane. It
was also equipped with 80 to 100 heavy hand-pushed 10-ton lorries,
which were worked for the most part across the main town street

through a nurrow arch into the Governiment Custom EHouse, and also
on to the beach at both sides. ()nly about 500 feet in length of
this old pier now projects over the water; the rest stands over

reclaimed land.  As alrendy mentioned, this pier will soon be

dismantled.
(2) The first addition to this utterly inadeguate equipment was

made in 1903, in the shape of a small 44-luch screw-pile- jetty for
exports, equipped with eight hand-cranes, served by a 2-foot tram-
way, recently altered to metre gauge, with hand-pushed rolling
stock. This pier, complete with its equipment, cost just below 9s,
per square foot of deck, or 34d. per cubic foot of its bulk over all,
(3) Subsequently there has been added a 6-inch serew-pile pier
equipped with fourteen 1-ton hydraulic eranes, and with a network
of metre-gauge sidings leading all througl the new shedding to
This Lust pier (Figs. 15, 17 and 17a, Plate 2)

be described later.
Its fourteen hydraulic

is a thoroughly effective piece of equipment.
cranes are bolted on 3-foot cast-iron screw cylinders forming an
integral part of the G-inch wrought-ivon serew-pile structure, The
decking consists of steel beams supporting 4-inch planking of New
South Wales “blackbutt”  the DLest timber the Author had ever
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seen for such a purpose, if cut to moderate scantling. This pier cost
12s. per square foot, or 4%d. per all-over cubic foot, complete with
all equipment except cranes.

(4) This pier was duplicated later, with differences (see Fig. 16,
Plate 5), in the form of a 6-inch screw-pile pier carrying twelve 1-ton
hydraulic cranes, not on cylinders like the last, but on groups of the
same 6-inch piles, and equipped like the last with metre-gauge lines
leading into a fine new shed. The reason why groups of four 6-inch
piles were used in this pier, instead of cast-iron eylinders, for support-
ing the cranes was that by this time it had begun to be realized that
these iron piers would bave to be dismantled later; and the pile-
groups will be removed more easily than cylinders full of concrete.
This pier cost just 13s. 5d. per square foot, complete with all equip-
ment except its cranes.

The best day’s work that has been done at these steel piers iy as
follows : pier No. 1, 720 tons, pier No. 2, 1,090 tons, pier No. 3,
1,170 tons, and pier No. 4, 1,300 tons, each in one working-day,
besides about 450 tons more on the south breakwater. Needless to
say, the whole of this was not done on all the piers in any one day.

(5) The iron-import yard in the boat-basin is served by small
6-inch screw-pile jetties, five in number, each carrying a 3-ton
hydraulic crane.

(6) The timber-pond is served by similar small jetties, six in
number, each cairying a 3-ton hand-crane. These jetties in the
iron- and timber-yards are served by 2-foot lines, leading con-
veniently from the cranes, by means of turn-tables, all over their
respective yards.

Piers Nos. 3 and 4 do splendid work, each of the modern 40- to
60-ton lighters coming alongside of them being served by two of the
hydraulic ¢ranes and by as many trollies as these can deal with, the
net effect being, as already mentioned, that vessels frequenting the
Port are being dealt with in about half the time usual 5 or
6 years ago.

A serious defect in piers Nos. 2 to 4—a defect not shared in by
piers Nos. 1, 5, and 6—is that they have steel beams for their
decking. Experience has proved this to be guite wrong in a port
in the tropics where the chief enemy is corrosion, due to moist,

warm spray. All the piers should have had transverse and longi-
tudinal beams of Australian hardwood—preferably, in the Author’s
opinion, of good jarrah—and should have been decked as at present
with “blackbutt,” a wood which, if the planks are not of larger
size than 9 inches by 4 inches, stands alternate wetting and sun

extraordinarily well. The use of steel beams has been avoided in the
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Author does not pretend to prophesy whether such work has a life

of 20, 50, or 100 years. But, in company with many eminent

engineers, he has ventured to give hostages to fortune in the form

of heavy expenditure on cheap reinforced-concrete wharves, believing

that, in the commereial eircumstances of the Port of Madeas, it is

preferable to give as much accommodation as possible to the present

generation of merchants, rather than to allow the trade of the port

to be diverted elsewhere while it is waiting for money to provide

itself with something better and more expensive than it can now

afford.  In addition to the perimeter of the basins referred to, about

700 feet of the lavgest of the three grades of this wharfing (C,, Fig. 1)

has been provided in front of a fine new shed (D;) that bas

just been built in another part of the harbour-face. It is the
closing of the old eutrance that has made the adoption of this light
construction possible in the open harbour. At the back of about
1,460 lineal feet of the reinforced-concrete wharfage, twenty
hydraulic cranes have been installed, each set on a group of four
reinforeed-concrete piles independent of the wharf-piles; and foun-
dations have been provided for as many more, when found to be
needed. It is found that, in the warm water of the port, the rein-
forced-concrete piles and slabs become covered in a year or two with
a protective coating, 3 to 6 inches thick, of shells and marine growth
which, it is hoped, will help in stanching any porous parts there
may be in the concrete.

The tied-back pile-and-slab system possesses the not inconsiderable
potential advantage that it can be pulled up and relaid elsewhere
—it may be hoped comparatively unimpaired—if ever it should
be desired to replace it by deeper quays. The temporary use of
wharfage of the character referred to will be found to be fully
justified—in the financial circumstances of a poor port like Madras
—by its low cost, namely, £2 Gs, 8d., £3 bs. 4d., and £6 13s. 4d.
per lineal foot, according to design, as against perhaps three or
four times as much for wharfing of the more usual kind, which,
later, it might not be easy to remove if the site should be wanted

for work of a more ambitious character. The wharves referred to

have put an end to the savage system of landing goods through the
surf on the sandy shore—except in the case of about half the coal
landed at the port, for which, however, better quays, fit for use by
ships, are now being provided. The Author believes that this
particular form of construction may be found useful in many
places where, as in Madras, the soil is sand, and something is
wanted which may have to be removed later when more money

is available,
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the upper surface of this top layer proved a complete failure under
heavy barrow-traffic and the dumping of cased cargo, working up
into dust and leaving hollows and wheel-ruts after only a few
months of use. The probfem has been satisfactorily dealt with
by adding a l-inch layer of asphalt on top of the cement concrete.
This stands perfectly, and if any part of it gets damaged, it is
repaired and restored to traffic in a few hours, instead of having,
as in the case of concrete, to be fenced off’ for weeks in order to
set properly.  Granite cubes in cement would probably have
been better than anything else; but there is no horse trafiic inside
the shed, so that asphalt is good enough, and moreover granite-
cubes would have cost too much. With regard to corrosion of
the corrugated roofing, experience shows that in the salt, warm,
damp air of Madras ccrrugated roofs, of No, 18 B.W.G. and
galvanized under the best supervision, are corroded through in
4 or 5 years. The roofs of the new sheds were therefore painted
on the inside with white-lead paint, and on the outside with a kind
of cream of Portland cement laid on like paint, in three layers. In
practice it it found best to lay on this cream late in the evening,
sending it up fresh to a score or two of native labourers, who
lay it quickly on the roof with brushes; and after a cool and
perhaps dewy night it is found to be set sufficiently well in the
morning. About once a year, during the rains, a new coat is
laid on. The plan seems, so far, to act quite satisfactorily. It
would be better, were it possible, to paint the whole of each
sheet with this wash before sending it up, but it was found
that, what with handling and riveting, the wash chipped off if
this were done.

Two of the sheds, D, and Dy, are served entirely by barrows from
the cranes standing on the wharves that extend along their sea face,
The others, D,, D, and D,, are served by hand-pushed metre-gauge
lorries running on lines of rails from the cranes on the piers, with
turntables all over the sheds. The former method seems better
when & wharf is parallel to and not far from a shed, and the latter
method when a shed is served by a pier standing out at right angles.
The latter method has so far given full satisfaction under the
Madras conditions of labour. The first of the new sheds, I,, served
by pier C,, was designed for dutiable imports only and was walled,
windowed, gated, officed, and partitioned according to Custom House
requirements. The next sheds, D, and D, served by piers C, and
C,, were intended for exports and for non-dutiable imports, and were
not so elaborately walled and gated as was the first shed. But now
all sheds are being walled and gated in such a way that any desired
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shed or part of a shed may bhe allotted at will to any desired pur-
pose, whether for dutiable or non-dutiable imports or for exports,
according to the momentary exigencies of teaflic. The sheds are
capable of being parvcellod off hy movable partitions into luge or
small areas where desived, so that the curgo of one vessel may go
into one area, without risk of mixing, There is a special walled-in
area for small undelivered remainders of cargoes, so that the space
allotted to one vessel may he made available for another, even
though a few tons of the cargo of the former remain undealt with,
Exeellent cart-roads have heen Jaid down to serve all the sheds, and
railway-wagons e be brought to their gates.  Five years ago earts
had to plough their way through a sandy waste to get to where
their consignments were lying,
Custows and other Arrangements in the Sheds—At Tndian ports,
practically all imports from outside India and Buarma pay a 5-per-
cent. ad valorem duty. This renders it necessary that a good deal
of appraising should be done by the Custom House officials, So,
though the general business of the Customs Department is still
carried on in the old Government building (P, Fig. 1) across the main
road at the back of the harhour premises, all conveniences asked for
by the Government Customs Service have been aflorded by the Port
Frust, in its new sheds, for the business of appraising, for the open-
ing and closing of packages, and for the preparation of all documents
connected therewith. Locked rooms are allotted to the principal
liquor-importers, with one side open and railed so that their opera-
tions may be visible to the Customs officials. There are also locked
rooms for open packages awaiting removal, a locked cellar for liquor-
casks, and a strong-room for bullion and valuables. The entire
responsibility for policing the Trust’s sheds and its premises gener-
ally vests with the State, whose bills are puid monthly by the Trust
on presentation. By paying in this way for the policing of its
premises, and by providing such sheds, walls, gates, etc., as a prudent
man would provide for similar goods of his own, the Trust hopes to
be held by the Courts to be a sound bailee-—which under the Act of
the Legislature to which it owes its existence is its status in refer-
ence to goods for which it bas given a receipt. Sheds and piers are
lighted electrically, and, at the demand of steamer-agents, work is
carried on under certain rules during night hours when necessary—
usually in order to allow a vessel to get away, or to free lighters
needed for vessels arriving next morning. The 90,000 square feet
of floor of the largest of the sheds, D,, is kept swept by an electric-
ally-worked vacaum cleaner which gets rid of all dust, though not of
straw, chips, or shavings, as was hoped, There is an ample supply of
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good drinking-water for the large gangs of labourers working in the
sheds, as well as plenty of roofed space where they can have their
midday meals,

Railway Lines.—The railway systems converging on Madras Port
are the Madras and Southern Mahratta Railway of 5-foot 6-inch
gauge, and the South Indian Railway of metre gauge. Each
railway has a booking-office in the yard, and goods can be booked
direct into or from the Trust’s sheds to all stations in India.
The wagons of hoth these systems of railway run freely everywhere
over the Port Trust’s lines, which are of the mixed gauge. All
curves in the yard—except a few special ones of larger radius—have
a radius of 400 feet, and there is a standard set of mixed-gauge
points and crossings. The yard shunting-engines are of the
5-foot G-inch gauge, and these haul trains of either gauge freely
everywhere about the yard without hitch or difficulty, having
specially designed buffers. Care has to be taken in designing altera-
tions or extensions of the yard not to make anything of the nature
of a “triangle,” which, of course, has the effect of reversing the
side of the engine at which the third rail lies and therefore of
complicating the question of the engine's metre draw-bar. Not
only because at first, for convenience in the construction of the
breakwater, there was such a triangle, but also because it may con-
ceivably be desirable at any time to reverse an engine on a turn-
table, the Trust’s locomotives have, at each end, two draw-hooks for
metre-gauge stock, one on either side of the central standard-gauge
draw-hook.

Sand Blown or Sucked info the Harbour—Until quite recently
there was a good deal—as much as 70,000 tons per annum—of
silting-up within the harbour, chiefly on its south-east side, due
partly to the wind which blew quantities of sand over the top of the
south arm from the accreted area, but chiefly to the sucking or
pumping effect of swell rolling along the inner side of the south
arm, which used to draw sand into the harbour from the accretion
through the apertures left between the blocks. The wind trouble
has practically ended since the installation of the bulk-oil works and
traffic facilities on the accretion, whereby there has ceased to be a
bare sand surface for the wind to sweep. The suction trouble has
diminished greatly since the cessation of swell inside the harbour;
but before this it had been cured very largely by the device of
trenching down as low as possible outside the breakwater and filling
in with engine-ashes which were soon sucked into the interstices
between the blocks, and, adhering there, have so stanched the leaks

that sand has ceased o fow.
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but it is comparatively common for a vessel, especially if of one
of tha minor lines and not well found, to break her stern line
and swing round, head to wind, Needless to say, in dangerous
weather a clear circle of adequate diameter must be left round every
bow buoy, in order to meet the contingency referred to, and this
restricts the accommodation available in the harbour during fully
one-half of the year.
Ordinarily, all vessels in the harbour are moored head and stern,
and this was found to be an important factor in the problem to
be dealt with by those who had to decide whether the cost of
remodelling was necessary or not, For—and the point had better
be made quite clear at this stage—mno matter what may be the
direction of the wind at Madras, the lines of waves approaching the
shore have a general tendency to parallelism with the shore. Much of
the delay in arriving at the decision to alter the entrance of Madras
harbour is now seen clearly to be ascribable to the fact that some
of those consulted, and whose opinion carried weight with the
authorities, failed to realize that, close to the shore on the Coro-
mandel coast, the trend of the waves does not conform to the
direction of the wind in the same way as it would in the open sea.
A rulerlaid on the map along the line of the waves may sometimes be
about 30° out of parallelism with the general lie of the shore in one
direction and sometimes about as far in the other direction. Both
of these sorts of waves, and of course also all waves having a
direction intermediate between them, used to roll into the harbour
Impartially through the old entrance. No waves ever run from the
north to the south or from the south to the north or anywhere near
these directions, even if a strong north or south wind should happen
to be blowing. Therefore, so long as the old entrance was open, a
vessel moored head and stern in the harbour, if lying north and
south, rolled whenever there was any sea to speak of, and found it
dangerous and diflicult to handle cargo overside. If shelay east and
west, she pitched instead of rolling and had perhaps less difficulty
with her cargo. 'When an east or west wind happens to be blowing, a
vessel moored north and south may have, say, a 200-ton strain on
her bow and stern lines, and the result in a strong wind generally
is that her stern lines break and she swings; butif moored east and
west she will be all right so far as her fastenings are concerned.
The reverse takes place when a north or a south wind is blowing.
In this case it is the vessel which is moored head to east that will
break her stern lines and swing. Neither kind of wind, north-south
or east—west, will affect cargo arrangements appreciably, these being

affected by the swell alone, as explained.
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therefore (Q, Fig. 1 and Fig. 19), has been designed, to extend
right along the shore from the north to the south breakwater
for a length of 3,000 feet, giving room for six of the ordinary
vessels visiting the port. A scheme has been prepared, to cost
about £400,000, having this line of quays as its principal objective.
About £50,000 worth of work under this scheme has already been
put in hand, and a beginning has been made on about one-fourth of
the length of quay-wall. Fig. 19 shows how vessels will be accom-
modated at the new quay, when made. But as each ship-length of
it for which money can be found is finished, or even partly finished,
the sea-bed in front of it will be dredged to an adequate depth. In
the design so far prepared, this depth has been fixed at 32 feet.
But in view of the probable deepening of the Suez Canal in the near
future, it may be thought worth while to design the wells of the
middle 1,500 feet of quay—say for three ships-—of greater depth
and thickness, so that dredging may be carried down to a depth
equal to that of the canal.

The quay-wall, as now in progress, consists of a row of monoliths
—in India always called “wells”—35 feet by 20 feet on plan
for 26 feet depth of water alongside, and 43 feet by 24 feet for
32 feet of water. All will be sunk to a depth of not less than
50 feet below low water. The smaller wells are of the double
octagon form designed by the Author for the Kistna Bridge of the
Calcutta-Madras railway, in 1890.1 This form of well, a variant
from the double hexagonal well of Mr. J. R. Bell, M. Inst. C.E., has
come very largely into use in India, Burma, and the Malay States,
and has even been used in China. It sinks very straight. The
wells, of which about seventy will be used in the 3,000 feet of quay
and of which twenty are now being sunk, are placed end on, as shown
in Fig. 1. A space of 1 foot 8 inches is left hetween ench pair of
wells, which is stanched, so that the sand may not flow out from
behind, by driving down, by means of a water-jet, steel shutters
back and front ; and after the sand in the 20-inch space between the
shutters has been got out, the space is filled with mass concrete.
At low water the junction of adjoining wells will be arched over,
and above these arches and the wells the quay will be built up
to a height of 12 feet above low-water level, which gives about
8 feet above high water. The wells rest on 8}-ton steel curbs,
4 feet high. Their walls are 5 feet thick all round, of gneiss in

1-t0-4 cement mortar. This masonry makes a very heavy well,

s Government of India Technical Section Paper No, 71, in the Library of
The Institution ; also Engineering, vol. Ixii, p. 7.
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Burma being garrisoned chiefly from Madras——-such quays ave very
desivable.  Still, however strong the demand, the Port Vrust Board
would probably not have felt itself justified in entering on the
expenditure needed for such o work, at the cost, perhaps, of en-
hanced dues, had not Government come to their aid with two
Sneeessive grants amounting to £80,000.  'Whether more grants for
the same purpose will be forthcoming later it is impossible to say
ab present.  But it seens certain that, now that a beginning has
been made on a quarter of the full length of the ship-quays, money
will, one way or another, be forthcoming to bring this important
work to satisfactory completion. As the quays extend farther
along the foveshore, the steel and reinforced-concrete wharves which
now in the intermediate years fulfil so useful a function must be
removed, and the materials may be used elsewhere, Indeed, as
explained in the Author’s previous Paper, it is one of the most
valuable features in the design of the reinforced-concrete wharf
that it can be water-jetted up and most of it used elsewhere,

The Boat-Basin.—When the 900-ton hopper suetion-dredger
“Madras " arrived in 1904, attempts were made, but without awvail,
to insure it for some reasonable portion of its valne, £40,000.

It was therefore decided to cut a gap in the south harbour arm, hroad

enough for the vessel to pass through, and then to let it pump its

way right into the south sand accretion wuntil it should be
This was done, and the experi-

sheltered against heavy weather,
ence thus gained made it clear that, with the grabs that had
been intended to be used for the purpose, the dredging of the
rubble base—a matter of ahout 80,000 tons—of the old breakwater,
at the new north-eastern entrance, conld not possibly be done in
any reasonable time or at any reasonable cost. A small bucket
dredger, the  Manaar,” was therefore hired from the Government
as an experiment; and here it may be mentioned incidentally that,
in the light of the knowledge acquired while the ¢ Manaar” was
employed in the small cut referred to above, through the south arm,
the estimate for opening the new harbour-entrance was vevised,
and the 500-ton hopper bucket dredger “ I'riton ” was hought for the
purpose from the Government of Ceylon. Karly in February, 1906,
the “ Madras” got its nose inside the cut and began to excavate a basin
deep enough to float itself, pumping the sand overside as described
elsewhere. The possibilities of such a basin were soon recognized,
and the resuit was that three or four of the largest steamer-agents
soon began, on their own account, to build the fleet of 40- to 60-ton
lighters that have so revolutionized the conditions of landing and

Tater, the hasin as at first dug out being found

shipping in the port.
D

[THE INST. C.E. VOL. €XC.]



34 SPRING ON TII: REMODELLING AND [Minutes of

to be a tight fit for the port’s own craft, as well as for the mercantile
lighter fleet, it was enluwged in aren, and its sides were uityedd
all vound; and it now plays a very important part wmong the
conveniences of the port, accommodating the entive lmpovt fron-
trade and the import timber-trade, as well as a loge shave of the
general eargo-trade.  Indeed, the Author does not hesitate to say
that, of all the new works added in the last 7 years for the better
equipment of the port of Madras, no work has played a more
important purt than has the boat-basin,  The Jmsin in question,
including the slipway contained In it has cost about £33,000.
It has now an aven of 171 acres, of which 2 acres is a shallow part
in which floated timbor—chiefly teak from Burma - is dealt with.

The Bulk Od Trude,~—~At the buck of Madins Port there is a
population of about 30,000,000, say about 6,000,000 finilies, ench of
which, if it conld afford it, would consume ahout 5 gallons of miveral
oil ina year, or a total of 30,000,000 gallons per annmn,  About

45,000  tons—say 108,000,600 Jbs, or 12,000,000 allons— pass
throngh the Port yearly on an average, most of it going inland by
rail in bulk wagons, but a groat deal of it being canned locally,
or arriving canned, for inland consumption at places where there
are no bulk installations at the railway-stations,  The chief sources
of supply are DBurina, the Dutch Kast Indies, and the United
States. 1t will be seen tlat there ix still ample scope for a very
much larger import trade than exists at present.  The firms con-
nected with this important trade have large bulk tanks holding
1,500,000 gallons each and all appliances for dealing with the oil,
which is pumped ashove into the tanks divect from the ships, through
pipes which are the property of the Port Trast.  Some of these
installutions are situated on the south sand aceretion, and, in order
to minimize the risk from burst tanks, the ground they stand ou is
maintained at the original low level of the accretion instead of Leing
raised to the level of neighbouring land needed for Port purposes.
The plots (4 to 6 acres euch) required by the oil firms installed on
the sand accretion are leased to them on favourable terms by the
Port Trust.

Crancs,—By means of the port’s all-round titan crane (Fig. 9,
Plate 5), by Messrs. Stothert and Pitt, a weight of 33 tons can be
lifted out of a steamer’s hold at a radius of 60 feet, while the
erane can lift 25 tons at a radius of 80 feet, vunning in the load
on a “jinny.” There is also a second titan to lift 33 tons at 48
feet, hut us this has its radius fixed it is not so handy.  For getting
smaller loads out of lighters the Trust has a 15-ton steam gantry-
crane with a vadias of 30 fees, & 10-ton steawm-crane, o number of
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run-about steani-cranes, and about fifty hydraulic cranes, as already
mentioned, of 1 to 3 tons capacity.

The Use of Hydraulic Power for Cranes.—Having devoted m1ch
thought to the choice between hydraulic and electric power for the
cranes t0 be used in the harbour, the Author decided in favour of
the former—though electric power is available locally at a fairly
cheap rate for large conswmers—chiefly for the following reasons.
The use of electric power would have necessitated permanently the
employment in the harbour of an electrical engineer; whereas, once
all is in fair running order, a good mechanical engineer, who may or
may not be an electrician, can keep all going if hydraulic power is
used. Moreover, the supply in Iudia of the electrical mechanie
class is as yet strictly limitell and not very good, whereas ordinary
working mechanies, good enough to keep hydraulic eranes going, ave
quite plentiful. In fact, it seemed to the Author that hydraulic
cranes would be more “ fool-proof 7 than electric cranes, and, indeed,
since their installation in May, 1908, stoppages due to breakdowns
have been quite negligible. The plant for working the fifty
hydraulic eranes now in use consists of three Cornish hoilers,
20 feet by 5% feet, with a steam-pressure of 180 lbs. per squave
inch, and two sets of double-cylinder engines and pumps of 18-
inch stroke and ecylinders 16 inches and 4% inches in diameter,
capable of pumping 110 gallons per minute against a pressure of
700 1bs. per square inch. It is the intermittent character of the
work, now at one pier or wharf and now at another, that permits
so many as fifty cranes to be worked by a plant which, if all were
worked simultaneously, would have to be larger.  The whole of the
hydranlic plant is by Messrs. Avistrong, Whitworth & Co.,

Cosr AND RArES.

The work of remodelling the harbour, including the formation
of the boat-basin and much special dredging to be done later, has
been carried on under the provisions of what is known as the
60-lakh, or £400,000, estimate. The other works, consisting chiefly
of sheds, wharves, buildings, cranes, power, internal communiea-
tions, ete., have been financed in a way different from that in which
the 60-lakh estimate has been financed ; so it will be convenient, in
the following remarks on the subject of cost and rates, to invite
attention to the £400,000 works only. The rates for piers, sheds,
ete., will be found in earlier paragraphs, Among the items
composing the estimate in question there are three special ones,

nautely, preliminary expenses, special tools and plant, and establish-
n 2
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sanction, of Rs.12,81,000, out of which Rs.5,07,000 have been
spent on the boat-basin, leaving Rs.7,74,000 available for additional
moorings, and for dredging within the harbour, the greater part of
which has yet to be done.

1t will be useful now to note the rates for a few of the main items
making up the several parts of the work just referred to. When
the due percentage for preliminary expenses, plant, and staff is

-~ added to the rates shown in the accounts, the following true rates

are arrived at.  About 215,000 tons of rubble, dropped in the sea
and levelled off hy divers fit for the slice-work to be set on it, cost,
all told, 5s. 23d. per ton; 12,000 tons of heavy rublle for laying
outside the breakwaters cost, in place, 6s. 53d. per ton. About
166,000 cubic yards of concrete cost on the average £1 4s. &I, per
cubic yard, but it varied in price between £1 7s. 2d. for conerete in
bags or deposited in skips below water, to £1 3s. 1d. for wave-hreaker
blocks laid pell-mell. The greater part of it, about 105,000 cubic
yards, consisted of blocks set as slice-work, and this cost, all told,
about £1 6s. per cubic yard. Being based on so large a quantity,
these are good figures. They are not contract prices, but are actual
costs arrived at Ly the Government auditors as the result of work
done by engineers dealing directly with the work themselves with-
out the intervention of big contractors. The proportions of the
materials used in the concrete were: 6 stone, 3 sand, and 1 cement.
The average cost of the cement used was Rs.38-75, or £2 11s, 8d.
per ton, ex store at the works.

When the works now in hand, including some further dredging
but not the masonry ship-quays, have been completed, the harbour
will be able to accommodate, at berths where they can work their
cargo, seventeen steamers of the ordinary type frequenting the port,
i.e., 350 to 600 feet long. MKach berth will have eost about £95,000,
and the harbour, about 200 acres in area, will have cost about
£8,000 per acre. Unluckily, statistics are not readily available for
the comparison of either of these two figures with corresponding
figures for other harbours throughout the world. Nor would there
be any value in such a comparison unless the conditions of the other
harbours were exactly similar to Madras conditions; and usually
Nature has done a good deal more for places which afford them-
selves the luxury of a harbour than she has done for Madras.

There is, however, a method whereby the cost of Madras harbour
may be compared with that of other harbours; that is, to compare
the cost of the breakwaters per foot of their length. All told, from
first to last, including loss and scrapping, the Madras breakwaters
will have cost Rs.1,63,38,000 or £1,089,000. Their length is 9,275
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feet, so that their cost per lineal foot will have averaged £117.
Colombo’s breakwaters cost €170 per lineal foot, or 45 per cent.
more,  The breakwater at Portland cost £130 per foot; that at
Holyhead cost £160 ; Alderney, £230; Plymouth, £300; Peterhead,
L3005 and Dover, £370. It is evident, therefore, that Madras has
nothing to complain of as regards the expensivencess of the methods
adopted for supplying her frade with o havhour in which lighters
can now work cargo between ship and shore practically all the
year round in every year.

Lt 1%, of course, mpossible to compare things exaetly when their con-
ditions are uot alike, bat in a hroad, gencral way it may be accepted
that Madras has obtained cheap breakwaters -if any works costing
£100 to £400 per lineal foot enar be called cheap,  The £117 per lineal
foot includes the eutire cost of the original very inadequate break-
water that was wrecked in the cyclone of Novewber, 1881—every
bit of which, by the way, is still to the good in strengthening the
newer structure—and also the entire cost of bringing it up to its
present standard of adequacy, ws well as of closing the old 500-foot
eastern entrance and opening ont the new 400-foot northern
entrance, It is common for persons whose minds are unaccustomed
to deal with the figures encountered in heavy engineering works to
condemn as wasteful and extravagant the work involved in the con-
struction of the Madras breakwaters; whereas they ave exception-
ally cheap as well as thoroughly effective breakwaters, and the waste
of money due to the cyclone of 1881 may be considered negligible
when it is compared with the waste involved, or that may any
moment be involved, in the construction of similar works of like
magnitude, under like conditions, in any part of the world.

The  Liwitations  dnposed by hand-to-mouth Financing, — Some
explanation seems to be due of the reasons which have led the
Madras Port Authorities to embark piecemeal on works of com-
paratively minor or temporary impovtance, in view of the fict
that it now seems likely that some ab least of these works may have
to be demolished luter, when or if luger works supersede them.
The £400,000 remodelling scheme was fortunate in having been

financed on an independent basis, suflicient funds for its com-
pletion being provided since its inception in the form of annual
allotments by Government up to the full amount which in succes-
stve years the Harbour Kngineer found himself able to spend.  One-
third of these allobments was a free grant from Government, and
the remaining two-thivds was a loan to be repaid by the Trust to
Government within 60 years. Thus the works in question, eon-
sisting, ay expluined; of the remodelling and the boat-basing had the
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inestimable advantage of being able to proceed without hindrance.
But the financing of the various minor works of internal equipment,
in the form of accommodation and conveniences for eargo, was less
easy. These had at first to be carried out from the Trust’s own
savings, and no more work could be counted on for certain in any
year than such savings might cover. Later, these savings were
supplemented by a short-term loan of about £47,000 from Govern-
ment, to be paid off before the end of March, 1919, Hampered as
it was by these restrictions, and yet determined to do all it possibly
could for the merchants of the present generation, the Port Trust
found itself driven to construct works which; if ever the great ship-
quays scheme is brought to o finish, will be found to have had a life
of ouly a few years-——perhaps 10 years, perhaps 20 years, but at all
events a life which, though long from the point of view of the
mercantile firms now interested, is only a short life as compaved
with that usually counted on for similar structures in ordinary
circumstances.  For example, though the life of the old ocean
screw-pile pier will probably have been 50 years by the time it is
scrapped, that of the other steel piers deseribed in the early part of
this Paper will probably not exceed 10 to 15 years. They will,
however, in the meantime, have served a very useful purpose; the
existing trade of the Port will have paid for them; and the
materials composing them will, to a considerable extent, be found
useful for works elsewhere.

Finance—The Trust has spent about £642,000 between the end
of March, 1904, and the end of March, 1911, and this has been

provided in the following manner :—

£
Grants by Govermment . . . . . . . . ., 166,000
Loans by Government, on a4 per cent, basis . . 322,000
154,000

Contributed by the Trust from its own revenues .

About £47,000 of the loan, as already mentioned, is repayable
before 1919, and the balanee by equated instalments of principal and
interest payable monthly for & period of 60 years beginning April,
1912, The Trust is already paying oft an older loan of about
£430,000 in monthly equated paymeunts, which will continue until
1945. The payments in amortization of these last two louns will
amount in the future to about £25,000 per annum, a sum which
the Trust can well afford out of its surplus of receipts over
expenditure on ordinary revenue account, which at present comes
to about £35,000 per annum. Thus, once the first or smallest
of these three loans has been paid off, there will remain a
surplus of about £10,000 a year, which will allow sufficient margin
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still keeps to itsel ’1 it.  Its fivst new ‘*he(],f ’ valuable dutiable
[ abindon . : . or H & e
" Dosition o abu ith walls and gates {fit,, 000 square feet, was
. aue w ‘ aras D) B .
arved, was made t new shed, of an area o i ’bwded cargo and for
. 5 next new for consting, bagged ¢ : tw
nnports. It 111(1 being intended for LOMEI C,qh:d as well as two
. 3 nng 1s latter s Ay < . N
not 5o well walled, Intiable.  But this Ia 44,000 and 66,000 square
- i . 44 - v
exports, both n(’i’ t have been finished, of ,mme lines as the first
. s that h: s
more new sheds 11; be completed socn on the t of general cargo. It
SN s01° B S
fuet area, will l1; is, fit for any and every the interests of conslgnor;
mentloned_}'tha it ie without neglect Ofl t a shed or part of a shed
. ssib ] , a shec -
will then be pos* t’he Port Trust to allo "tlldl"“v from the policy
. . g 1 3 e
and consignees, for 1 5o gradually to w . The Trust’s
B ,«—) steamer, and so g their customers. found
to any given : 1 steamers and iances as may be fou
;i en ster . an as "
of coming betwe'u be to provide applia rder in the general
. w1 eep o
function then le develops, and to keep
. 3 trac
necessary as |
: ceellent labour. ) -
interest. Theve ixa fine supply of excel for the handling of cargo,
eYe 154 av for < .
Lbour.—The Trost from day to day though paid according to
engaged by the T m of 6d. per day, th . found to earn an
r.,gtul"mteed A nnmmt lly, however, they are
are guar: Usually, !

The labourers,

Lo and in
: s elimate, ¢
p od. N ate in the
the tonnage 11An(u]O(l a day—a sum adequ
. U 8(i. 01. » L 4
average of

furnis m with perhaps
imnl eds and habits, to furm,?,hwzl;f:; D
view of their sn‘np e ne e omtort. .t I dee‘d , i v
the same ideal of (101;1:13‘ o oo por oy, nif a e M
Do Liverpoo) dolcrjow what to do VYIt}h the’ElC e
e e -’{‘ heefsteak and piano,
his English brother’s
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probably find easier of
aftord slightly ferment
early morning, like rathop mawkish lemomule, but
and sustaining, and adequately, if hug
the whole, the 400 or 500 My
fellows, strong, brave, and selfre
oceasionally, ke
known to st

comprehension ;

but, instead, he is able to
2l pu]m—mp, dra

wn from the tree in the
very warming
slightly, intoxicating, On
harbour labowrers ave dcct-*/nt
speching, They go out on strike
their brothers iy the West, but have not been
Ay out longer than week, and ghei
uswally found to b awaribablo to theip

bullied by some « educated,” and e
of their own ruce,

v discontent s
having heen vobbed .()1
vefore astute, Jack-in-oftice

GENERAT, SuUMMARY.

The Author hag
devoid of all natur
about 200 acres he

attempted to shov

v how, on o sandy coast, totally
al advantages, an

artificial harbour of an aren of
ul been constructe at o cost of whout £986,000;
and yet when made, and up to 7 years ago, it was found to be (ff
little use for ghe PUrpose in view, which was to render the transit
of cargo betweer, ship and shore easy, cheap, and expeditious, Ile ]1:}3
gone on to show how, i the Tasg 7Tor§ years, by o further expendi-
ture of about £350,000, conditions have heen secured which enable
Argo to be landed op shipped in all weathers during which vessels
may see fit to lie iy the harbour-—y, harbour still ws unshelteved as
ever from wind-pressure, e has shown how, by a still further
expenditure of abong ‘3300,000, e(lnipmenb has been p\-ovided in the
shape of worlkg on shore, such ag piers, Hheds, eranes, rails, roads, ete.,
to enable cargo 'tO be dealt with quickly wnd conveniently, as well ws
plant i.’or dredgmg the hauhour iy, the future, 116 has attempted to
make it clg:u' how, in Consequence of the facilities provided, a fine
ﬂeetf of Private-owye modern lighters, ay well as luwanches for

MIstence, with the yesult that the
& vessel in ghg harbour J1ay been about halved--a

foaf 01)\'i(m.\‘1y has h Same effoet as the addition
;)) a (;u-ther area of ;m(:llol':l‘;.re. He g shown that all this has
e %, par ‘
‘en one, partly through )4 Senerosity  of (overnment and
partly by the alld of ) Port

without its havi i TUSES own credit and l'esuur‘ie.b’
\ S Daving e, foung nocessary to effect any general 1180
n dues, Also he hag shown ¢,

over and ahoye all it

at there will apparently remain,
usod for tho oL S obli;?rzmtions, an annggl s:urp]us capable of bemi;
Trust to “1«\11(,1{& of furthey loans, sufticiont to enable the Por
L : o()compl‘ete 3,000 Lineq) feet of quays at which vessels mﬁ'}f
¢ in 32 .tO. 36 at low water, Finally he has
EIVED a brjef engiy ion of the principal parts of the

eet of watoy
leering doscripb
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.. ice mistakes .
work done in the last 7 years, hringing fo notie pear to be deducible.
'k done 6 L . as appe o in
. wsons from them departure 1
made 1 drawing sueh lessor . at since the dep:
l:&il, utll“ t( 111:119(-0\‘\”\1'}’ bo add s tlmc[jmt whom is due the
1t secins SCEHRL . 1 T.K., to .
November, 1905, of Mr. . J. Wilson, € . w,cll as for starting the
crwlijt f()’r’«wt,tin,(r the entrance changed, as neements, the Author
3 3 ; L AT » * KAl
Qarrying h(h'uh:i’n" and block-making IIJIM‘;’GgheU M. Inst. U'h‘;
arry > f-S I .\ - . > ? el
has lr‘)ul gl’m :Lb]::wsistzl.nce of Mr. 11-'}1[t.:1] a supplementary P;lpblul
Lo . , as contributed a ! ¢ om Ghe gener:
Executive Ingineer, who has ¢ «» best omitted from the g¢ -
giving details and statistics which ave : ‘ mals of a port dving ¢
= (otals A clous that the annalb ASSENEOLS
Paper,  While quite conscious b £ soods and 100,000 passeng
business of only about 700,000 tons of g

aincering
. yread interest to the enolt hope
. - any gre: es 1o
ber annwm are unlikely to he of any g entur

Author v onal
" ' ) s, the Au ofessiona
and trafhic aothoritios of 131‘".‘:‘:“’, pol.t ’P.L Jer to interest PIOfb\\f the
that there will be found much in his Pag ety in many parts o
5 ! C o ot )
and business men interested in minor |

back of
. tants ab the

. Alion 11111:&)15&1} e 3t is the
Wworld,  The wants of the 30 millior Pl ag 1t 18

b Miaps as fow mwrgeal
. . as years go Oy B4 s as fow ks
Madras Port are Increasing as yei 1 1bn']‘ werhag ort s boors
Port may be said to have l)(‘(‘l_l,{"“‘"":( l,lmcc where a p
:ulv:mtngvs as are to be fou
brought into existence. ) Jeotohes
© o . Trawings and ske S,
: irteen dra b
.nied by th
. epared.
The Paper is accom 5 have been prep:
from which Plates 4 an_

. 1 Post, p. 4%,
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saving in cost due to the shorter period for which the establishment
was réquired, would more than compensate for the additional risk
Incurred.

In order to reduce to a minimum the risk of damage to the work
from storms, a special code of rules was framed, which came into
force immediately the storm-warnings were hoisted. The warnings
were hoisted by the Port Authority’s marine adviser, on information
telographed from the Government Meteorological Offices at Caleutta
and Simla, read in conjunction with local observations. On the
hoisting of the warning signal all plant and gear was sent ashore
except that actually required for the day’s work. As soon as
the danger-signal went up, all work ceased, dredgers and floating
craft were taken to the boat-basin, the cranes were securely moored
in positions previously prepared for them, and the men came off the
breakwater, bringing all portable loose gear with them.

During the 5 years the works were in progress the weather
conditions were particularly favourable. An average of only two
cyclonic storms a year passed near enough to affect the port at all
seriously, and on no oceasion did the centre of a cyclone pass over
the port. Mxcept for these cyclonic storms, the only rough weather
experienced was from the usual disturbed conditions at the change
of the monsoons.

MATERIALS.

The chief materials used in construction were 490,000 tons of
stone and 29,000 tons of cement, with a due proportion of sand.

The major portion—382,000 tons—of the stone was obtained from
quarries situated at Pallavaram, 15 miles from Madras. The stone
was a granitic gneiss, weighing 166 lbs. per cubic foot, and samples
crushed at between 1,100 and 1,600 tons per square foot, the absorp-
tion of water being 0+12 per cent. The quarries were worked by
a Punjabi contractor using local labour. At sowing and harvest
times most of the workmen, who all were farming folk, returned to
their villages, and there was consequently a shortage of labour. In
order to mitigate the delay thus caused to the work, and also to
have an alternative source of supply should there be an outbreak of
plague or cholera, a quarry was opened at Sholinghur in another
district, 60 miles north-west of Madras, from which 68,000 tons of
stone. were procured. The stone from this latter quarry was a
white granitic gneiss, weighing 164 lbs. per cubic foot, easily
dressed, and largely used for building purposes in the district.
Most of the quarrying of stone for ordinary use is done by lighting
fires of leaves and twigs over the stone, which then flakes off in
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pieces 6 to 12 inches thick, with the bed and top nearly parallel ;
but fuel could not be obtained in suflicient, quantities to enable this
method to be adopted for the compuratively Iarge quantity required

for the harbour, and the stone was blasted in the usual way
When the work w: .

as started the materind for cone
at the quarries. Owing, however, to theip
shops and the want of expert
trouble. They were the
the stone from them w
fed the mixers,

rete was crushed
a distance from repair-
supervision, the crushers gave continual
rufn}'e brought down to the harbour, where
s (hschm'gcd direet into the skips which

_I_} C t a1 0] 3¢ tor )} ‘“ ] 'l s f st 3

¢ rate 1¢ Vil H € n
e S I‘ 1 1 t t] contrneto 0 12 Wous ¢lasy S5 o6 stone
lOtLdCd mto ld,ll“ul}~w Lg()l 8 at t}lC (111(1111‘35 wenre

Per Ton,
Hard boulders or quarried s<tone

. . . & d.
1 pleces weighing 2 1o 5 tong 2 6
» » » » n » Sewt.tolton .- 1 .3
» ” »” I » 71bs. to:
. ) s, 10 3 ewt 011
Quarried stone for crushing in picces weiahi ‘
€ 10 preces weighing 7 1hs, to 56 lbs, 13

The Port Trust laid the railway-) i
. § allway-lines ang ride -
motive,  All other ex ’ peovided the oco

enses, includi al ane [ i
and the working of th}e l0(‘o;r!ox;(ilrl:h\tfr:ll'lv‘n']1{011'“1(/0 R,
The 1':Li1\\'ny-freight from Pullavirs ’ by the Cont'mCtor.
i aram was 11, and from Sholinehur
Is. 6d. per ton. °
Qn :II’II‘IV:LI at the harbour al] stone was weiched on
weighbridge, on which a trajn of thivty 2
weighed in 12 minutes, This mac ‘
I per cent. of the gross lopd,
to the stone-quarryin

ways for freight,

an automatic
wagons in motion could be
: hine was accurate to within
Payment was made on these weights
1roand Jopusit‘ing contractors and to the ruil-
‘ All cement 1_1.\'@(1 complied with the roquirements of the British
Standard spf%clﬂczttion for mediunbsetting Portland cement Tile
cem'ent received from England wag tested before dis ;%t(.‘ll and
again mechuuicnlly on delivery, and in all cuses it/ “‘1' md
comply with the specification, ol b
which it was received, but w
two before belng used, T4 sSome eases it w
than a year hefore Wse, and when the 1
was partially adr-set, but the |
between the fingers,

being used, the residue on the g

w found to
It was stored in the barrels in
a8 opened out and hulked for a day or
as kept in store for more
rels were opened the cement
.[n Hll(lh C::izj\!.)i1]COUI(l be reduced to po“Vder
T UHe cement was sereened before

of a shovel and AgaIN. sercened :;ii beltrllg br(?kcn up with tlTe back
was vejected.  Tests of Celnent—j ‘ ?4 e ultmmte. residue, if any,
The cenient made locally, £, o tle‘xte(.{ §ave satisfactory results.
siderably in quality 11110 ‘}]7" lyom shell-lime and clay, varied con-
’ L ey to chinges in ghe management
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works su p n & 0 ir 1 i in the WOI‘kil\g
1 g i t their mexperlence mn .

f o iln 1 lyl (1;\’1(1 2;1 7 050 tons of this 10(1;11 cement that
1

of rotary-kiln plant. ssed the British Standard specification and

were tested, 3,760 tons pa

were used on the works. ot of o
Samples of each 100- to 250-ton lot 0 1 coment o e o

test hanically by the Author on the X while T

ot et T ried out by the (Government anaiyst.

" was sent to England for

roborated the local tests,

»al cement offered were

chemical analysis was ¢ ‘
addition, a sample from each li,O?OestOZtr
testing, and the vesults in & cases nte which in India
with Ziu: exception of the setting-time. Cv:mc;;glbdl\i\tzghset finally
gave 3 hours as the final set when tested in Engl by experts in
?n ];s;s than 10 minutes. The point wis m,LkVenf ltl'fle iltemtion in
England, who stated in 1907 that the cuubij: cement containing
settt,’infr—t,ime were not fully understood, }.)Ut ’ a: did the samples in
a sm;ﬁl proportion of sulphuric anhy.drld(.e——a: hen mado by the
question—often gave anomalous set‘mng—t;'mte};is henomenon was
rotary process. No definite solution o - \,}:rere catisfactory,
arrived at, but the tensile_ tes’ci1 f)f ;?;;:in :jn the works.
and‘ o di%ﬁcuiy ‘:jjrixp?;fgli(ljftyl:o ‘br;xk a 6-months .bri(lllrel?l'jz
Early in ¢ . vestization which may be worth recor‘du.lg.d the
B .mse.to o f1 il (i t?) break two briquettes at 950 1bs., M{ Int y
machine in W Tl ing railway for testing where, § day.s. a el?
nmelg o er square inch. At first this was
; been strained in the ot:igln*‘l
d consignment broke in the

were sent to
they broke at less than 500 1bs. e
attributed to the briquettes having

i he same age an L eries
test, as a br 1quett: 105)3211})5* Subsequent investigations and a series
ay LU= 2ee

1 that the breaking-stress of briquettei
el H
ix ave been ou
rari on=iderably with the length of time tlixey hav e
f wator. In s ne cases the strength of the brlquettes.( ..nbd
?f “‘Lt‘fll' t'lxrxll;(i:hey were taken out of water, 1n (;th}frs it 1(n Igathen
Ol ours a
increas > the first 3 or

hange + oven inereased for ‘ o
En("}ldlij(ﬁlﬁf but almost invariably the strength of. 7 dz}eyinle?by fos
feﬁtbln 0 1;1t*f711i11«r between 100 1bs. and 300 [bs. per slq\kl:u inehby o
t'ieme))tzl:)y hymjd bi:en 12 hours out of water. kIn a ::o(;r: o e)i Wm{m

b - the d been taken ou

i aki Aauettes after they ha ' -
" bre&klfxgbt)xlt,“g; construction work they are not 11.1fre(2;1e'n\5,it;§n
;‘}ft : :(::I); emphasized the necessity of breaking all briquettes :

ese tests "

& 1 i : -om the water. .
F thel'r being ﬁ Og:rried out in accordance with the

The cement-tests were ail € in accovcar ih b
Brilt;sh Standard specification, except as 1eg(:m]1; a;;‘lete;rvlraer us(}({
which normally varied between 80° and 99 .,de et
being generally 5° cooler. Tensile tests were ma

5 & ‘

railway machine
of tests, however, prov
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y and 80 Per cent, on an 80-mesh
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- {1;1:;?511:(1 into the hoppers from tl;einl 1?}18 work were at a SI:FZ
up an X Xs when se o made on th
stice-blocks ks were m:
The beds of the s . 1: but the bloc ired angle.
- ‘1zontal ; . required ang
of L to 4 with thek h(l);\;ris-burs being set in ﬂ:,ltill(:s fx%ter 10 days
flat, the cores fovr ‘ lbprienced in lifting these tl?e angle of the bars
No diﬁiculty . 91}2;@ bars,  They canted to r doing any damage
. L 5-0i . Ars or g N
with the_ ()X‘(llfl(u‘yl without beuding the b(u‘;'nc the blocks, while
while being hfte,( "1 possibility of thus can }1 tohey had been made,
to themselvef- ltllee}hm-izonml bed on whfc 11 ;, which gave a very
Afting them from t\l use of hydraulie golinths,
> to the w .
was largely due d in 1879,
4 d-hand 1
steady Jifs. hree goliaths was bOUSI}t siczf; previously used
One of these ttl;‘ was first begun, having i Karachi, and it is
when the breakv.van ‘of the Manora bl'eakwaterc‘)l“:} The goliaths lift
in the constructio k, though nearly 40 years ki-no- in an inverted
still doing good wor ,ith a 5%-foot travel, wor “ubr o being supplied
33 tons on g ramlzvinches in diameter, the‘phzes:man steam-engine
ydrulic cylinder w‘;thd 12-inch stroke'l- %I eby means of a chain
by a L-inch pump s0 travels the goliath ..
ives the pump also travels the g the jinny.
that drives thclp;:ilvle. in addition it t1aversle2s feet,and 10 feet long,
and gipsy-wheel ¢ ) 97 in three sizes, 14 feet,' h. The wave-breakers
The slice-blocks \V(J.Id’e by 5 feet 9 inches high. thick, but a certain
» 1 6] .
and were all 6 feet ‘v; feet by 9 feet by 6 fee§ et th;ck, for use in
measured normally vere made 5 feet and 4 t}fese were afterwards
humber of blocks :i for the titan cranes; Ordinarily the blocks
making up the 1'0&“";9{1 as wave-breakers. £ in exceptional cases
removed and deposi ths before being set, bu
months
were stored for 6 1

sed,
blocky only 3 months old were us

Trne NEW SHELTERING ARM.

rater,
inches below low water,
t 6 inches ver,
‘ od ab 27 Too a-bed 40 feet be
fhis o W?i; f?u:::gne deposited on thl(; @.zﬂb;; 40 et below
A k-work in S, » but
o e, ‘ nod of bloc ed, a junction
o water. 1t N fomfl)'l(: proper could be con(;me;m;ab :1 tmi etion
i g e ) D N
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had to be eﬁectfe which the slice—worl.c ‘cm; e oot
i romnod from be made over the remains 0' hoorigial bredde
o J'“n‘*’tion'had t;Odecided not to disturb bec:lmseThe o ubour and
water, which it wa.fd be involved in remova :bed pen—men n wave:
breaker thatliz wl(xmwever which had been deposi ;
breaker blocks, ho )
[TBE INST. C.E. VOL. CXC.]
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the existing and original 111'(*:Ak\\'&ters, were picked out and reset in
an ol'derly manner so ay to form o solid base, but were not built to
any preconceived form, the position of each block and the amount
of bondimg being du'ci(led on the spot ag the work progressed.

The top of the remains of the original breakwater was levelled
by meany of concrete in bags of Nszy canvas, on the top of which
blocks were set while the bag conerety was still soft. Ay soon as
the remaing had been crossed, the hd of the block-work was stepped
down y4 rapidly ag Possible, until (1 hormal level of the bed of the
breakwateyp Was reached, T work of removing and straightening
the ol.d Wave-breakers, and of erossing the original breakwater and
stepping down till the hed of the blocks was 27% feet below low
water, took exactly a year to complete. The work was rendered
particulurly tedious by the Unceasing range of the sea over the remains
of the olq work s oven o the quietest day there was a continuous
run-up and suck-Tack among the hloeks,

y M 1
The (?butment for the slice-work was formed of vertical coursed
work with « piano ” blocks

: » a8 shown iy Fig. 3, Plate 8, and was built
UP I A month frop, the date o which the foundations had boen put
m. Then iy Febvuary, 1907, all wag ready for proceeding with the
breankwater propep,

Whilst the
of stone of all
country hoaty
as the abugy,
thil'ty—(sight 8
and the

Juction wy formed, the rubble base, composed

oo Was being deposited from 10-ton
vand from tyg 19 -ton flush-decked barges. As soon
ent wag veady, the gliee block-work went on rapidly ;
lices, each ¢ feet wide, were sef iy, the first three months,
yearly advance averngud more than 550 feet. The best
month’s wopk . in Februavy, 1908, when nineteen slices
were scf, efuivalent ¢ an advanee of 114 feet,

It was foung mpossible t, deposit the outep pell-mell protection
of large stoneg and Yave-breaker bloeks rapidly enough to keep
bace with the forwarq advance of the solid breakwater, It was
therefore docided ¢, Push on with the breakwater as fast as
Fossible, and ¢, he Protection g opportunity offered.
Nor wag this :thngother 2 dia’:l.dv:mtage to the work, for on
the one op two oceasiong when  the outer protection nearly

caught up the head of 0 Irenkwatep Proper it was found that the
swirl et Up round the hey by the swell breaking on the stone and
on the wave-hreakepy interfered Very seriously with block-setting.
In order, however, to protect e rubble foundation of the slice-
work which hq rept in advanee of the outer protection, 30-ton
wave-breg key blocks weye set on top of the rubble, both on the

outside and o the inside of the advancipe slice-work, Figs. 2.

W done

et "'-;R‘T:;w“;;l
f -
f\]i(’n’ﬁ'/ - %t
oy bble protectign
Plate 6. The outside blocks were bugfed 4s the ru
ate 6. . ‘ . iy
was brought forward, whilst tlxohio he i ' 5_‘:1 q} E
picked u; for use as pell-mell w;nc— [(Cyclbne LETR NS ﬁqé;
g encement of eac Y e
(113 ef)o l: kt)z: ((;(fm;rfx:ch year, the hea :,kof the work w ,
an cto ¢
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and_ securing th.em %&hﬂ /
) of sheavy-u &;ﬁ& S d
dos LAADRE e,
. s then

| . >
tion-course, as shown in Fig. 2, IBI ’xt‘:n N
tenth slice back from the fdcef 1-} three s
The blocks in the top course, o il cramps.
were also cramped together with ra casons whenever weather
~ lonic seas ore
: roughout the cyc sh away m
conmit;eg .thzi‘;ghope that a cyclone woul(ll notrv‘:’ia(;n of the work
permitte , 1IN . ‘Ldvﬁznce of the po red
) slices that were set in 4 . e-that occurr
than the Sh(;eb As a matter of fact, the WO.I‘bt idm?fremost slice of
thus secure i of some . f the blocks in .t ed and ro-sob a8
was the dm&\(r) g;:work- the . vhowever, were picked up
unsecure ’ ’ :
ather moderated, ils of 20-foot gauge.
soon as Fhe weq:’;};euse d to set the work ran f)n 1;&11; o The crane hnd
The titan crz entral flanges, the rails being W1l ; having a rigid
The W}h ee}ls ha (jither side, the two centre wheels g
six wheels on

i heels einb

i 3 ach palr of outer w b r \"

W heel-buse of 6 feet 6 mchea, but ?l ) phlle tho total ol e
Thu y W b

. © S y ee llb]C 168 1e crane was able 1o tra 1 (088418
wWas as .l ‘),1 f £ ; .l 3 tl e P 1 [ to trs l
as much as 2 9 vel T

[0 & SULS Eé HII
curves f 4( O 1 e crane I a.d ‘he usu L] trave 1
Th Cre b
f et I'}Ldl 18, oo bS]
Sl ung, llfbl])g and hOl lZOntRI motions Of bhe ‘UXD ’ql ¢ l “b t’he ,]l ]
\ 0 ld deal Wltll IO&dS o) 3 ons a 4 eet an ons a
and cou - f 3 £ t 6‘) f t d 25 t Q &

i ki 20 tons f
d' The crane Welghed m WOlklng OI‘deI‘ :; 20 8, O
80 feet radus. «

Whl(,h (‘)() t was ae was Si () IAl')( 20 d 1
kentled . It as I lpped ut fIOIn g
ONns wa g A n

i the
he root of the north pier by e
o )’V‘}S %”fcgif;:t;: a cost of £L£751. Tl}e iﬁ?go_‘:oﬁ
o Hll)' o-barrel, releasing-gear for droppmit o 30-ton
e with o g kl‘n Dand a safety attachment to c;})lrevqee overload,
WéLVe—breaker-blz?C b7ce was not, however, of mu u'.vr, ne It was
A contt'mv:snto use the crane for much heavie
necessary at tim S

= b Y F y at ﬂ.ch ment
h 1 h’\d n (S} lgn d, an the l:t t
t’}]()"e fOI' W]ll(, t & l)ee (1 S e d h sare 1

< 0t

11 sconnec el he titan Id,l]s were C‘LI'I'led on a

C f 1 )‘).(1
18 )4 .
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f the slice-work,

ks set on top o . ane

. e-breaker bloc . te 6. The crane,

con.lposc?d~ (})f d“«’ivll feet ubove water, Figs. -13, };lihe finished work,

which finis 1’e' (lways travelling at the level o sity of running the

Pherefore, was ater, thus obviating the neces {o the top of the
16 feet(;iabOV? iﬁ: tvlic le\,wel of the existing work on

crane down Ir

l - W Pk W W V if no Wa.Ve-b eaxger
i hiCh ould hﬂ. e ha,d to be done 1
siice (&) 5 i T k

(1 Vi O 3 SI.UO was C()mpleted, wave-
’ baen a aildble. AS soon a8 & Sl
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¥ insidd avere-subsequently

]
]

1 E: 1 i (<] iOu (ﬁla—‘ ;
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breaker blocks 4 feet thick were sot on it to Ty g,

and as settlement proceeded these wero changod l['(n, : (:1':L11e~tr:|ck,
and sometimes, where the settlement was most, £, (;.]::;t;)(;‘}] }:t)f:ks’

The rubble base wag first roughly levelled hy "1__0 L OCRS,
\ . ' A Lrabhing with

a li-eubic-yard whole-tine grab worked from th, it o2 |
final levelling of the bed with small stone being oy, l:“:l‘('ljt-lfe’ ;“’
the edges of the work tended to settle more thyy t}y TVU""- .
beds were made with o dish of 1 ineh, t centre, the
In oxder to obtaln the correct level, trussed 2
down longitudinally on either sido of the fini,
ends projecting out over the third bed in ady
block-work. Irom trunsverse timbers resting
levels were given to the divers, sometimes e
a sounding-chain, by which to set the top:
On these a t

Deamy were bolted
hed work with their
new of the too of the
on these longitudinals
- pouds and sometimes by
; of three Inngitudimq rails
L SYVETEY sereeding rail was
o all rails were removed
allow for sottlement the
-,(luirud finished level.
be formed so as to
not inconsiderabls
1 in trimming the

to the required bed-level.
used, and after the bed had heen le
and the foundation-blocks were set.

beds were prepared 2 feet higher shan t
The landward face of the breakwater hy
aftord a quay alongside which vessels co
portion of the work on the rubble hase

. O

TR
wing to
(el Jiey 2

rubbleon the juner side of the pier to Lonsiste "
. . . . e . orane
was available for this work, so it wy | yniforit Jevel. fo }
| ' ans of a4 whi
rigged on a transverse heam wounted (il jone DY means Ot p
§ Kk-truck, which ran on

ot
pa! s ritbble was loaded

rails along the edge of the breakwater,
e
lack places or over

into skips by divers and slung out, eithe o 0%
all was

the edge of the bunk., KFrom the same a ointo # | r
_— ol s roaired {inihe , qaver beam i X
suspended at the required finished depth, .£ilgver o sorved as a

guide to the divers when levelling off.  The cost of this work
is all included in the unit rate for the stone deposited on the
rubble base,

The divers worked in shifts of four, from two 10-ton country boats
lashed together and moorved in advance of the work, two men
levelling off’ the bed while two sct blocks, The divers were all
Europeans trained on the works under a foreman divey broaght out

from England. Unskilled labourers were started as linesmen at
£1 per week, and more if they were skilled in any trade ; after 6

months they were put in the dress, and after six months more, as
divers on probution, were classed as divers. Thoir pay was gradually
increased until the end of the second year, when they were
drawing £3 per week for a daily diving-shilt of 4 hours, which with
overtime came to about £5 per week.  Aboub half of the men tried
turned out satisfactorily, and of the dozen or so whose services were
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retained six turned out good divers. When work was in full swing

twelve divers were employed.
There was a persistent tendency for the face of the blockwork to

assume a flatter slope than the 1 to 4 slope for which it was designed.
At first this was thought to be due to inaccurate setting of the
foundation-course, but careful checking showed that it was not,
and that, as the foundation-course settled under the weight of the
superstructure, it actually crept forward on an average 1 inch in every

This creep was probably due to there being more resistance

slice.
In order to counteract

at the back of the course than at the front.
it, three or four foundation-courses were set before bringing up

the superstructure on the first of them, and the shape of the blocks
was altered 5o as to get a better grip of the base. The creep, how-
ever, continued, and finally it was found necessary to correct the
slope at every twelfth slice by putting in a taper slice, 6 feet wide
at the top and 5 feet at the bottom.

The curved portion of the work, 2,000 feet in radius, was made
in short lengths of straight, with a radial slice at each eighth slice;
no difficulty was experienced in making or setting these radial slices.

Settlement was fairly regular over the whole block-work, averaging
1 foot 10 inches, the maximum being 2 feet 4 inches. The leading
wheels of the titan crane were as a rule kept three slices, or 18 feet,
back from the face of the work, so that when block-setting was in

full swing the weight commenced to come on each slice 4 to 5 days
A fortnight after the setting of a slice the

after it had been set.
This settlement

settlement amounted, on the average, to 1 foot.
necessitated the constant packing up of the titan running-road.
This was effected in the beginning by fixing the rails to 18-inch
by 12-inch timbers, and packing up under the timbers as the work
settled. Latterly the timbers were discarded, and the level of the
road was maintained by changing the blocks on which the road was
carried, a thin bed of 9-to-1 concrete being put under the road-blocks,
when necessary, to compensate for small differences in level.

The back and front of each slice had five semi-elliptical grooves
left in them, so that, when set in place, elliptical holes 15 inches
by 12 inches were formed which, when filled with concrete in bags,
served to key the work together. These joggle-holes were filled in
about a month after the blocks had been set, by which time the
greater part of the settlement had taken place.

The caisson which formed the head of the sheltering arm was
made 42 feet square, with rounded corners. It was launched when
the sides had been built up to 18 feet, the filling of it with
concrete and the building-up of the sides being continued simul-
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The concrete filling was
g best support o the sides, which were
not, Sufliciently strong in themselyoy to s

after the Cainson wy
WS pub in 4l gyer
Cross wy

tand the extornal pressure
W osunk gy plice. A

4-foot; Layer of concrete
the bottom

» and on thiy reinforced-conerete
Las to fory, 10-foot by 10-foot pockets, werf;
22 fopt above the h()ttom; the walls :n]l' I'om'l(1
Were g )iy brought U 1o 26 feut, above the bottom.  Above this ](?V]e
16-ineh SQRATG Jaryal, piles were used gy struts, placed tm"s.versiy
in the Same planes g4 the erogy walls, 5o ag to preserve ]O'h)“,t ‘ ¥
10-foot, obenings ahoye the lower pockets,  Phe hod for the (‘,;l‘)h‘hl(i:\
Was levelle ol iy the SAME 1y 0p as the beds for the block-wor ;
by divers, wigy, il whig, WOTe removed before the enjsson W?‘;
sunk, the bed buing hade 1 fout, wider al} round than the actua
size of the Calsson,

In order ¢
slic(;«wm'k
thepe Wiy
‘V(fl'ﬂ St

15, g0 dispose
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d guide )y, Cisson iy, its dusc(%nt, at the end of ,Flhe
PO Lo whing, two extra shicey had been sot tm“i"”,'::‘;]-f;
f:»lsowork 16-1n¢), Square jaryah piles. l‘l:d
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| > pileg being set o the required lino

1 Calsyop

CWltjoe .o
eultiog (Ltt(lll(]:l,nt on the
m Sip i

S 8 Sp)'mg’.\‘
! TN Con ey
its oy, -

16 Witep W,

n
P g ave bee
smkmg of the caisson h wISSON
P 5 soon as the culss
aper. As soon a come
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g of the Ciklsson gl falsework between Lh“'gh bonde
wag x'umovm], and the spaco was filled wi
once-
comm
shore was broken by t}?e May 1908,
. » in ay, .
Which §, e g out of gy, new hurhuur—cnFr.l'"ccthe wagons 18
argn armvemctxon Was deposited directly from gited from
N . A0S .
© wal th hn,rbour; Iator it hud to be dd} the titad
SRR ]
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ate , . . ate 6. ‘ is
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. 1ar to the crane
‘ked fairly well with only & ,Slhgt};;]ilnws could be
L ngement wox ef egular shape, to wl"IL v ssible, however,
s long as blocks o 1;‘3 1t was found quite 1121)0:;('ové1-ed from
adjusted, were bemg; mvm»ious types of old blocTs deal with these
to adapt them to ¢ ‘3 sed as wave-breakers. lo k was devised
the new entrance anl : was known as a drop- lOoof two 1}-inch
odd-shaped blocks “‘jhm hook was attached to (.)n: shackled on to
(Figs. 5, Plate 6)- . . llbeib ends attached to a 1'139 gs were passed
Stud-link s]ings with ¢ lf the titan crane; th'e X 1n§e of the crane
the main lifting-genr do' ed, and the grabbling ‘iv'rmed halves of
under the block to be. ;(Olt);{)l'xt kept together the i ybollt over the
was attached to tPe b -k w\‘ras then lifted and S\Vu.l]é’k holding the
the drop-hook. The bl“to be dropped, and the lin wire, causing
place into which it Washea&ed off Dy the grabbling qtiveiy slowly
drop-hook together wa-s the block then turned C.omm?;hout any jar
one sling to fall awayf, the bight of the other sling w;s<ful that the
and slid quietly Ou.t ¢ thod was found to be so succe ‘and several
on the crane. This ‘irn:i dismantled from the (ciiz?)-hook without
:flf_re}egsﬁﬁcliegere ‘(il'o[>ped by means of the ¢
ousan _ ) nsoons before
mi;llmp-l_ work was left to settle for at tf::ktgzobigzks of mryh:ig
‘he slice-work was le ‘he wave-bre: oved,
the capping was cmmnlel(‘)zzg' f,}'lle titan road werzrzhszl trl ?;nwork
thicknesses “ihlch Cmi‘qfte was deposited.  For é) was used. The
and the cibpnie CEmCm shown in Figs. 6, Pla.te sl, cemented into
shuttering of the mfted on hook-bolts prevon '_[}‘Ihe I-inch hook-
shutters were suppor 1d in position by tie-rods. bout 1 inch from
the blocks, and wore he eck # inch in di“met:’er, ) )01 been removed
bolts were made with Va rtlhwt ;:fter the shuttering } l‘:(d off without
the face of the wof.k’ bOf ’;he bolt could be twist e(, subsequently
oo exposed fp Ortl(;nth(:a work, the small hole left being
damaging the face o ith 5-ton
e work the eapping i in the Hlodkgard.
Over the rem”‘md?r :1 moulded and matured ;I]z and were only
concrete blocks p rewou‘mgrsfactory finish to the wo ’at the back of
These gave the mt(;;t tsl;an the mass work filled in
slightly more cos . . into place
shutters. ss concrete was deposited dlzflclgg llifte dp the
In both cases the “rmixer, the crane attached - ter and put them
from a Tees concrete‘"ll ing’ alongside the breﬂkk‘:v‘Lsame crane, when
- materials from barges ywhich it also drove. T eh tterings, but a
straight into the mlxe{:{er set and moved the s ;lsed. i
heavier cra
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OreNING oF THE NEW ENTRANCE,

The work to be done consisted in removing to a depth of 35 feet
below Jow water («) the existing breakwater fora length of 600 feet,
(h) the remains of the original breankwater, (v) the wave-breaker
blocks that had been deposited ontside the existing breakwater and
on top of the remains of the original breakwater, and (d) the rubble

This is shown in Figs, 8, Plate 5,

underlying the two breakwaters.
Every effort was made to remove

of Sir Francis Spring’s Paper.
the blocks intact, so that they might be available for use as wave-
breakers on the new work, and 98 per cent. of the blocks were so
removed,

The plant used for the removal of the block-work consisted of
a travelling 33-ton titan crane with a fixed radius of 48 feet, and

a 300-ton steam-barge. This steam-barge had originally been a
bucket dredger, and Iater had been fitted with a prow and used as
a hulk for chianging buoys and moorings ; but the hull was so badly
corrofled that it was decided to serap it. The boiler, enwines, main
winch, prow, and all available parts wore therefore taken out and built
into a new hull in Calcutta, the new vessel measaring 125 feet long,
30 feet in beam, and 10 feet 6 inches deep.  The main lifting-winch
is dviven off the main engine through worm gearing on what had
been the diagonal shaft of the bucket dredger, which gave a powerful
and steady pull on the fall of a four-part 5}-inch-cireumference wive
tackle suspended from the prow. Two 3-toun cranes were also fitted
on this barge, with which several thousand tons of derelict coal

was dvedged from the bottom of the harbour and used on the
works.  This vessel picked up the foundation-blocks of the original
and existing breakwater, though, embedded as they were in rubble
and mud, it was frequently hove down to a block for an hour or
more before, aided by working to and fro in the swell, it drew the
block like a cork out of a bottle.

Before commencing the removal of the blocks and rubble, trenches

were dredged into which the mud and sand disturbed during the
operations might settle.  The Trust’s suction dredger formed these
trenches in the soft material on either side of the proposed entrance
to a depth of 40 feet below low water. The titan crane travelling on
the existing breakwater then picked up as many of the wave-breakers
and blocks of the original breakwater as it could reach ; the 300-ton
steam-barge just described picked up the outlying and foundation
blocks ; and, simultaneously, the bucket dredger worked parallel to

the harbour side of the breakwater, as close and as deep as it was

o
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considered safe to go without undermining the foundation of the
blocks. Before the pier showed any signs of movement, the bucket
dredger dredged to 31 feet at low water, 18 feet away from the
breakwater, the foundations of which were at 20 feet below water.
The movement however was not serious enough to prevent the titan
crane from continuing work on the pier.

All the wave-breaker blocks and most of the blocks in the original

For this purpose 11-inch stud-link

breakwater had to be slung.
The

chain, of which there was a quantity in stock, was used.
native “skin” divers became very expert in slinging these blocks in
any depth up to 20 feet, and ecould work when the sea was much too
rough for “dress” divers. The removal of the blocks below low water
was considerably complicated by the rubble and mud in which they
were embedded. A jet of compressed air was used to clean around
the blocks so as to clear them for slinging.

Most of the blocks were jammed together or held more or less
tightly in the rubble and mud, and grent care had to be exercised to
prevent undue strain from being thrown on the crane. At the same
time, it would have greatly hampered the progress of the work
to restrict the weight to the designed load. It was found by
experience that the crane could break a 1i-inch stud-link chain
without damaging berself, and a 1}-inch chain was always used
thereafter for lifting jammed blocks. Though many chains were
broken, no accidents happened, nor was any damage done to the crane,

By the time all the outside blocks had been removed, the sheltering
arm had been completed to 1,250 feet; this afforded a fair measure
of protection to the new entrance when, in May, 1908, the removal
of the actual structure of the breakwater was commenced.

The capping was blasted off in as large blocks as possible, holes
3 or 4 feet deep being drilled partly by hand and partly with a
compressed-air plant at 3-foot intervals around the piece to be blasted.
The charges consisted of 2 to 3 1bs. of dynamite, and were fired
simultaneously by an electric exploder, .

One row of blocks in each course was then Dlasted out, and the

remainder of the slice-blocks were removed whole by the use of

lewis-bars and chains. The lewis-holes were cleaned out by a jet of
compressed air which proved very efficacious, especially below low

water. Ordinary lewis-bars were used when the holes were quite
clear, and the special lewis shown in Fig. 7, Plate 6, in cases where
it was impossible to clear the bottoms of the lewis-holes.

As soon as 100 feet of block-work had been removed, the bucket

dredger, which hitherto had been at work parallel to the breakwater,
started on a transverse cub. At first it was sought to loosen up the
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rubble bank by means of charges of gelignite, but it was found that
this flattened out the slope of the face of the cut, and that better

results were obtained without blasting, by working to a more or
Blasting was resorted to only

less vertical face about 8 feet high.
in cases where concrete blocks which had formed paurt of the
original hreakwater were found embedded In the stone, laterite, and
mud, 30 feet or more below low water,

A great deal of the difliculty of the dredging was due to the
buckets and elaws slipping over the top of big roumd boulders,
1 ton or more in weight, which had got bedded deeper than the

Those that were loosened were rolled over and

bottom of the cut,
over into the toe of the cut without the buckets being able to get hold

of them. As these large stones accumulated at the bottom of the
cut they were periodically slung by divers and picked up by the
cranes on the steam-barge.

The concrete apron on the inside of the breakwater was hroken
up by the dredger.  The size of the picees that were brought up
whole, measuring, as they did, as much as 16 feet by 12 foot by
18 inches, testifies to the excellence of the concrete of which the
apron wis eomposed originally.

The tendency of the stone to arch in the hoppers rendered it
necessary to restrict the bucket dredger to half-loads, in order to
avoid delay in disclarging.  The average quantity dredged per
All dredging quantities are in tons of

working day was 234 tons.
20 cubic feet measured from sections taken before dredging comn-

menced and after it was completed ; these quantities are more than
50 per cent. less than those arrived at by measurement in the hoppers,

As sutlicient funds were not available to obtain a new bucket
dredger for dredging up the rubble base, a second-hand 500-ton,
bucket hopper-dredger, built in 1892, was puvehased for £3,250.
To fit this for the work of dredging up the rubble, the bulk of which
weighed between T cwt. and J ewt., while some of the stones weighed
more than 1 ton, claws were fitted in the place of every fifth bucket,
and the single-plate flap-valves, which soon buckled as the stream

of stones poured over them, were replaced by double plate-valves
These

A

with a 3-inch thickness of wood between the #-inch plates,
donble-plated wooden valves stood the wear and tear very well.
saddle-back was put in under the centre flap-valve to break the fall
of the stones, and the tops of the division-plates in the hoppers on
either side were protected by 12-inch square timbers fitted over
them. The tops of these timhers wore rounded to a 6-inch radius,
and were further protected hy steel plates bent to the same radius

and secured by bolts. Wherever the screen-plates of the main
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framing were specially exposed to blows from stones they were
doubled, with a layer of wood between the plates to act as a cushion,
A derrick was also rigged to command the buckets, and most stones
over § ton in weight were picked out of the buckets and discharged
into barges. The friction-wheel on the inside of the main spur-
wheel of the dredger had been so long out of use that it was found
quite impossible to get it to move; so, pending the arrival of & new
wheel from home, work was continned with the rigid wheel. After
about 30,000 tons of rubble had been removed first one and then
the other of the big dead-eye brackets broke, and had to be patched
with stee] plates.

Dredging was continued until more than one-half of the material
had been removed, when a werious leak developed in the engine-
room bulkhead, along the line where the hopper doors butt against
the bulkhead on its forward side. It was at once evident that it
would not be safe to send the vessel on a sea voyage again in such
condition, though temporary repairs enabled work to continue a
little longer. It was accordingly decided to lengthen and strengthen
the small slipway for the Trust’s smaller craft, which was then under
construction, so as to make it eapable of taking the bucket dredger.

As soon as the slipway, which is deseribed later, had been com-
pleted, the dredger was tuken up. 1t was found that the lower end
of the engine-room bulkhead plates opposite the edges of the hopper
doors was worn completely through.  As the plates were pitted in
other parts, the whole of the bulkhead was renewed, and in addition

about 25 tons of plates and frames were renewed in the hull and
main framing of the vessel, the new dead-eye brackets and a new
main spur-wheel being installed at the same time,  This wearing of
the plates opposite the edges of the hoppers hus also been very
severe in the case of tlie Lrust’s suction dredger, and although it
bas been at work only 8 years, it has been necessary to double
those plates practically all the way round-—a very intricate and
costly job. It is suggested that these plates should be made thicker
in the first instance, or that special care might be taken in designing

them so as to enable them to be renewed without its being necessary
to cut the vessel to pieces to do it. The work was carried out by a
Claleutta firm, who sent shipwrights to Madras for the job and took

The

3 months from the time the vessel was put on the slip.
damage done to the hoppers and hopper-doors by the stones was
found to be extraordinarily small, in fact from 3 feet below the

water-line downwards there was no damage at all.
As soon as the dredging of the rubble base was completed, the

bucket dredger was again taken up for repairs, and another 30 tons
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of plates were built in, * departmentally ” this time,
hoilers also were taken out and were extensively repaived by the
A new wrapper-ring plate was made to

The Scotch

Trust’s own workmen.
conneet the back end of the furnace with the combustion-chamber

tube-plate, and the side plate of the combustion-chamber was
rencwed. In order to shape this f-inch wrapper-plate, cast-iron
dis-blocks were first made, and In these the plite was pressed to
shn.l'yc, a4 33-ton concrete block heing used In lew of a press; the
finishing off of the shaping was done by hand,  After completion
the bhoiler was tested hydraulieally to 300 Ihs, per square inch, and
is now working at the 150 Ihs, pressure for which it was built.
This appears to the Author to be worthy of notice as a “roudside
repair.”  On recommencing work the friction joint in the main
spur-wheel was again found to have rusted up, but wis started by
fitting up two * Lucigen” lamps so that, while the wheel was at
work, their flame impinged on the outer portion of the friction
joint; the dredger was then set to work in o stiff' cut, and after
2 days the joint showed signs of breaking and on the thivd day it

was clear.

In connection with repairs to boilers it may be interesting to
record a smart method of replacing leaky boiler-rivets which was
devised by Mr. T. W. Mair, one of the dredging-masters. Several
of the rivets on the underside of the boiler of the suction dredger
were giving trouble, due probably to the boilers being hard pressed

during the day and lying under banked fires at night, and the
It would have been a costly job to

plate around them was pitting.
remove the hoilers, and the space was too eramped to allow of the

rivets beiug replaced, Tt was also diflicult to wake a tight and
satisfactory job with bolts; but the interposition of a washer of the
shape shown in Figs. 8, Plate 6, turned to fit the holt, and a
countersink in the outside of the boiler shell-plate, gave a perfect
result.  The feather edge on the washer mude an absolutely tight
metal-to-metal joint hetween the plute and the bolt when the lutter
wus serewed up tightly,

‘The finished width of the new entrance had been fixed at 400 feet,
but as the original breakwater had been founded at only 19 feet
below Jow water, it was necessary to remove the block-work for
100 feet on either side of the entrance, and then to work forward
again, The foundations of the brenkwater were stepped down
gradually, so that the pier-beads might be founded at the designed
35 feet below low water.  On the west side this was easy enough,
as 1t was only necessary to continue the slice-work, stepping down
each foundation I8 inches to 2 feet, Theé back of each foundation-
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course was built witha 2-foot chamfer along the bottom edge, so that

the rubble at the toe of the last course set might he allowed to stand
at a batter of 1to 1. On the east side the work was rather more
complicated, as a reverse abutment had to be prepared before the
slice-work could be built. The details of this are shown in Sir
Francis Spring’s Paper (Fig. 9, Plate 5). In ovder to prevent
any possibility of the overhanging slices of the original brewkwiter
settling under the weight of the crane, they were tied well hack to
the solid work by chains with 2)-inch unions to tighten them. A
framework made of old rails was then set to the required batter
against the face of the work, and the sloping block-work was hrought
up course by course, the space between the new block-work and the
old reverse block-work being filled with concrete in bags as each
The stepping-down of the foundation then pro-

course was set,
The original pier

ceeded In the same manner as on the west head.
was 24 feet wide, and this was widened out by 3-foot offsets until
the 36-foot width required for the pier-heads was reached. In order
to distribute the weight more evenly over the bed, the foundation-
course was made 3 feet wider than the shaft of the head. The
pier-heads were built in vertical bonded block-work, and owing to
the cousolidated nature of the foundations on which they were
built their settlement was in no case more than 6 inches. Above

the water the heads were faced with stone, and fendering was
The lighthouses to

provided on the exposed corners and faces.
carry the entrance-lights were of reinforced concrete faced with

stone, aud in them were installed fixed fifth-order red lights.
From June, 1908, to June, 1910, both entrances were more or less
open, but there was very little extra disturbance in the harbour. In
fact, during the south-west monsoon the swell which came in through
the eastern entrance passed out through the 'northern one instead
of, as formerly, rebounding from the north pier and causing dis-
turbed conditions in the centre of the harbour. Frequent current-
readings were taken, and the greatest velocity recorded between the

two entrances never exceeded 1 knot.

Crosine THE OLp ENTRANCE.

In order to bhe ready to commence the closing of the eastern
entrance as soon as the new northern entrance should be ready for
use, two skewback caissons were sunk on prepared beds at either
side of the entrance, so as to serve as abutments from which to
start the slice-work. The sinking-operations are described in

These caissons were strutted with

Sir Francis Spring’s Paper.
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reinforced-conc .
rete struty whi ) e
! g 1ich b in
concrete filling, ’ were subsequently buried

Not only had the tweo

abut, 20 v also the
rubble hase hag been de thubments been got ready, but also

of the entrance, yp ¢, I‘)i(();it?d 10 tho first 100 foot on either H::(;’
entrance wyg ﬁ;;.L“I y . feet below low water, hefore ,the :
bed in the entr © Y C0sed to vossel i January, 1910, The ses
rance Previously heen dredged to a minimum of

» to allow of the deposition of an adeqll:‘lte
Junuary ang 14‘:1?131‘:: flo ™ the base of the ln-e:mkwn,te%‘. Dul'zlg
base, ang on the 14 My ,11’000 tons of rubble were deposited on :1
I June, 1o old tlim ‘w.c : Mockfsett‘i“g commenced at tho.no{“th end.
from the west hea‘d ‘olf} E}l . }lszmg arrived aftor her 2-mile Jolll'l‘iy
On the shelterin o arm t;G eW entrance, Loth cranes were at ‘Ydmte'
for at, Jeayt two ?'0110}1 ‘1‘e‘1-u};ble had been allowed to consol';tf:m
it; bug iy the olq estr;}?l} SO0 before the breakwater wits bui e
period (Im-ing which ])ot}w’-m order to reducs to @ mipimumn ths
elapse ] betweer, the e v entrances weve open, only a few m'O(I]l' g
of the block-w oy th Posttion of the pylle base and the buil llia
high ey than the rec :e}'.eon. Jare wis taken to deposit the 1:111)1)'3
off wit}, the hmvy ({Iil;ed ‘be(l-l(,w,‘]’ 8o thal the act of tl.ltl]lrll];gq;
There WAS ng 4] - '.U might assisg the consolidation of the base.
abnormg] settlement in 4),54 part of the work. No

15 the slice-

hiteh
W oceurye, .
. work was eom leted by August, and 1
£ . ! 12 S §) ugust,
Mained to f) in th I ’ :

N

only re
y : ‘
sloping facos, ¢ wedge-shaped portion between the tW
For ), :
¢ closing v, . ) N
had alrendy pe,, wedgo fOlmd:Ltmn-[,]()cks of various thicknesses
once the "X.‘lct iln Prepared, so tht there might be no delay when
follll(lati()n .bloe kl.st;mce between the faces had been mensured. The
S S Were s ! ¢
slack, anqg 15 the worl, PUt in 5o that the wedge might be 1 f‘?o
tight, The extpe ‘ s.ettled, the joints closed until they were quite
swell thet W‘L; I;““‘.’ thfhculty of holding the blocks steady in the
. W runngy e . ¢ o
Specin] blocks for 1] & thr ough the gap rendercd the setting of th
OUs operatjg,, Tt 10 final Closing an arduous and somewhat danger-
or 6} monthg .ﬁ ‘illﬂst block was set on the 9th September, 1910,
. S from the Lt
€ commencement, giving an average monthly

advance of " .
feet of o 77 fwt, the hest, Progresy being made in July, when 160
S set in place,

ukwater wa,

Tug SLirway,

PP the eraft,
) WIL i [ 9
glally i v, intended

employed in the work, a slipway (;f
and 9, Plate 6, was cunstructe(d-
tded only ¢ use it for the smaller craft, an
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consequently only hand hauling-gear was fitted. Ir;{ 1398 11)1‘315’(:;
decided to lengthen the slipway to 475 feet, to ta ?, !it} ke

dredger “ Triton,” so the cradle was It.engthened_ and streng 1f - é
and a hydraulic 15-ton capstan was installed in tl.le place (‘)) che
hand-winch. The foundation of the slipway consisted oii _ .Jd ee

of stone, varying in size from 7 lbs. up to 1‘ cwt., .dep?mge fe(;?-,
the sandy bottom. Small concrete blocks, w1t‘;h A recess ;t‘ °

2 inches wide and 6 inches deep, were bedded in this fot}n( a 13 ,
and, in the chases formed by placing the block contlg.uiuzly,
there were laid 30-foot reinforced-concrete bearers, of whic : }::
top member was a 75-1b. rail. Wedges were used betwe?en o
bearers and the inside of the chase in the blocks to b]I:l'ndg e
former into line, and after the bearers. had been truly lai ljce
connected, sand was filled in on either s1d'e to keep them t11119 I; ;des.
The cradle was supported on flanged cast-lro'n wheeIs,‘ lon‘ h s
of which the journals bore directly, there'belng no bus 1ets, ;,nfrom :
tended to keep the friction high. The slipway was erecli%ed tl..mq(_
travelling carringe on which a 5-130‘n steam-crane (’icravev X the{b(;d
versely, and the crane reached sufliciently far ahea F‘orse the bed
and blocks for 15-foot temporary bearers. The carringe was

hauled forward on to these bearers, and another 15-foot length of

rane-carriage was then hauled back,
blocks was got ready. The crane-carriage was

the temporary 15-foot bearers were taken out, and the pelmm:;zz
30-foot ones were put in their place. The cmne—;)ifm;.lbverk $
then travelled forward on these ready for another Ié:‘n;t; ..1to "7\0’1 i.Ch
As soon as the slipway was ready, the dredger 11‘t(1)n, t“,,‘lme
with the cradle weighed 550 tons, was brought up, not wi 13;1 b‘iith
(1iiliculty. At first a four-part t'a,ckle was utﬂed in con]ﬁnsf 160 it
the 15-ton capstan, thereby giving, theoretically, aﬁ)ub ) 60 fon n,
but it was found necessary to supplement the }})lu yt Zime fon
hand-winches. Another block was ordered, and t de nezél Jme the
dredger was brought up a ﬁve-parf; ?ackle was 1{se R iu;.‘ | this timo
there was no difficulty. From t.hxs it may be —a.ssumf)( tile, Jou the
given conditions, the power required to haul 550 tons up 2

slope was—
275 tons,
22:0 ,,

49-5 ,,

Pull required to haul 550 tons up 1 in 2.0 slope .
Add friction 4 per cent, of the total weight .

i bt be 70 per cent., the
Assuming the eﬁimen.cy gf the five-part tackle to P ,
power available was 529 tons.
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SYSTEM oF A coouns,
The accounts wore compiled and andited under the Indian Publie
Works Departmnent

rules; the forms in use, though slightly modified
to suit special

quirements, were essentinlly those in use in that
departinent,

The estimate for

- . . . . adInoes
the Project was divided into several main heading
and sul»—hen.(lings

, and  the lavger of the sub-hendings, such as
“hlock-work,” weyq again divided ingo the several items of work, of
which they were tomposed, called wminor sub-hedings.  Then all
expenditure was hooked against the undivided sul-headings and the
minor sub-headings, lists of which were supplied to each foremant
and subordinate iy, charge, Tl foreman or subordinate submitted,
() Qwily, dreport of Iahouy employed by him under the V‘“'iouz.
hm.dmgs he had in charge, and () fortnightly, a nominal 1'01% 0
:u-tp'n,ns and labourery employed undey him during the pemodr
which showed t]e wages, inclu«]inq overtime, earned by and paysble
to ewch. Tl daily reports, on ])cin(r passod by the ollicer in charge,
were checked :u'ithmetic:ll]y, and at Ll?u eudof the fortnight a summary
wis 'm;nle of the allocntion t0 the various headings. Similarly, 1:»11}6
nontinal volls; on yeces; wyment with
t.he summary of the nllucntion, Just mentioned, entered thereoln: ﬁ::
(,if’l:e(;t‘;;;eii :1\;1:1:1‘ ‘\VVT: S;f;in‘che?l\'inl. l»y] t‘heu (T;Ili_ib:;)]iubc)’lifb_
headings of the gepr o Lfltew( i bho 7(,.1‘.\. epared an
m:nint;ﬁs ?1 e ebtlllltlt@ and also in o .‘A’()I'I(S»:Ll)stl'nbt ('l’lfl | ninor
tedmonthly for eyl sub-heading) under the various

iﬂll})-}hewlmgs required, areference o the :;Lsh-l)ook entry being

The allogug, Was hu'ml:u'ly ;Lll(_)cnted and. enter (,(‘ - rod on the
bills o ch;ctz(ll(;f materm.,ls to‘ various he:ulmé{.s was nO‘ esed them
. Y the oflicer i, charge wt the time he pas

for ies ] e
“OF payment, thq entries in respect to these payments being ks
n the cush-bhogk ot

"
Abstract, ! and works-abstract simultaneously. ' The ments:
Stoch 's wey e thus Posted day by day us regards cash pay - dings
o thﬂ;d mljus.tment transactions relating to various hith o
*added in A abstruct form at the end of the montis us

the aggrege, totals of o ) sted by the vario
headings in e Of each abstract were poste o made of the
quantity of woxl(_} reglﬁt(l:r of works.” Kntry was also ndepe ndent
record main i one durmg themonth,obtnined from an uountS were
added in the pegj, "V A0 engineer assistant. These ﬂf“t‘he ppevious
month, and the 42F Y0 the total amounts o the (-,-nd 0 the totd
quantity of wopk (1(;,}"§§=tto amount was then divided l{_.Yw of eat

Thus the average unit cost to da

Pty were checked and pussed for pi

givell

thly

4
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Slﬂ)*lleading or minor heading of the estimate was always aval!?b}}f.
These progressive rates of all work done, thh became a‘-’?}: at,lz
about the latter part of the month succeeding t.-,hat to _‘thc !
transaction related, were of the greatest possible a:ssmtzmce in
ellabling the oflicer in charge to detect undue expendltur;. at any
pParticular point. There was also an abstract of t.he exp(le_n 1turfet(})]2
the Whole I)rojeet’ showing out]a,y Ilgﬂil’?b‘t the minn hea(\l);is [¢) o
estimate, for comparison with the sanctioned estimate. en Othe
Al entry had been made in the accounts no t;pu,nsfel'.S betweff 1nx1- of
varions he:ulings could be made except under a written orde
the engincer, .

Lasoug.

Except the erecting and platclaying gangs, who came fl'OIrll]Su;;t:
and the Punjab respectively, all labour was obtained Tﬁca {’ "
rates varying from 6d. to ls. per day of 8 hours.f e]sp‘t ())’ o
Carpenters, stonemasons, and other cmftsmer} mnge({ii rOI:;. : o ﬂto
per day, according to their capabilities, leading hands getting 2
50 per cent, more than these rates. o . .

]§uring the course of the work £1,000 was distributed in the sh;}[:z
of bonus to the foremen, divers, and others; to the forem}ju“ o
drew no overtime allowances bonus was allotted on the a(;fé:ted
3 monthy pay for each satisfactory year’s work. 1?on5u5£“;f"tsl . 4d)
for division among the divers at the rate O'f 35-2 ( -nt;h /
for each slice of work set after the fifth slice in an?r one n-lormelt
Simil:u'ly to locomotive-drivers, crane-men and others on a sm;.ned
Scale. The bonus earned was divided among the ment so;llcem N
in Proportion to their pay, and was (3red1f;ed t?t, ‘t;ethe rate
Separate account, where it remained, bearing interes .:ﬁtional o
of 3L per cent. The payment of the bonus wz-a‘s‘con‘ tional or
the work being satisfactorily completed as reg*“d‘b qut? d?; ’b ur<ed’
and cost, and save in a few exceptiorlml cases was no i (;lbte;]ly
until the completion of the project. This bor'lus scheme‘ uln‘ oubtedy
expedited the work, and the men upp'recmtefl thev d,( VZO .l,snger

aving g lump sum to draw when their services were
required,

Prant axp CosT.

From the original works of 1875—§1 there I-exgaénejélitr Sfor use,
three 33-ton goliath cranes and four light overhea . 1;; ne '33-ton
From the works of 1885-95 there were availa . ° 0) srushers
crane, two locomotives, and the concrete-mixers and stone-crushers.

v
[rus axst, e vor. exce)
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The new plant purchased included a 33-ton titan crane, a 500-ton
bucket hopper dredger (second-hand), two locomotives (one new
M”l. one second-hand), one steam-barge wigh lifting prow, {itted with
engines out of an old dredger, one tug, one launch, and four
1(')0.-t011 barges, hesides the necessary railway-lines and rolling stock,
dl\:l\ng-gmr, and workshop and general plant,

The plant brought forward from the old work was renovated ab
a cost of £2,000: the expenditure on plant and buildings amounted
to £73,758, and their residual value after 6 years' use was esti-
;Tltt:lofﬁlbe £18,740; the bulance, £55,018, has boen charged against
v I'J,'he savings effected, as the work progressed, under the v:u'ious,
e s bt bl i i

; epening to 30 feet below low wate

the shallow western portion of the harbour. In the Appendix is 2
statement of cost, which ineludes plant, staff, London charges, and

all other incidental expenses, but not interest on the loan during
the course of construetion,

With the exception of three forcmen, the divers, and the officers
oVn the dredgers, the stuff employed were nativcs’ of India. Mr.
Ganapathi Kudva, B.A,B.E. (Madras), the Author’s chief assistant,
Mr. 8. Seshiah, the accountant and office-manager, Mr. G. V.
Balakrishna Chetty, the head draughtsman, and Mr. E. C. Richards,
the general foreman, deserve special mention for the ability an
untiring energy with which they devoted themselves to the work.

l. "l‘he Paper is accompanied by nine drawings, from which Plate 6
s been prepared, and by the following Appendix.

[ArPENDIS.
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' APPENDIX.

: JR ALTERATION.
Tanre T.—Lerys or THE £100,000 HARBOUR

———
Item e Total Quantity. Unit. pe??.)t:it.
No. Description. Expenditure. ! B
B s — —— . 0 £ & d
1 {Rubble under 1 ton in} 55,939 | 215,125 Ton 05 2
weight . . . . . . 07 b
Rubble 2. to 5-ton picces 4,492 12,104 ?
{5~t0-1 Portland cemeut} 1.688 1,246 | Cub. yd. 1 71
concrete below water . !
6-to-1 Portland cement - 1 610
4 ; concrete in bloukwork} 142,011 105,728 ”
inplace. . . . .
8-to-1 Portland cement . 1 3 6
5 concrete in mass above 17,783 15,140 »
water . . . . .
6-t0-1 Portland cement e 1 35
6 concrete in  wave- 43,396 37,072 ”
breaker blocks in place 9 4
{Old wave-hreaker blocks,} 4,984 37,349 " 0 2
setting only . . . ’ e 22 12 10
Steel in caissons . . . 6,181 273 Ton 14 2
{6~t0—1 Portland cement| 7.196 5,905 |Cub. yd.
concrete in caissons . ’ 0 3 9
10 {Fair-picked stonein pam-} 769 4,115 | Cub. ft.
et coping and steps . J 381 13 4
11| Lighthowsee 02 1,145 3 No
Fourth-order light at the " 983 0 O
12 head of the slxelt,ering} 983 | 1
arm. . . . . . Each 29 2 8
13 | Cast-iron bollards . 437 B 15 . * 0 2 3
14 {Stonefu.cingtopier»heads,} 512 4,742 | Sup. ft
1% inch rock face . . 017
15 | Foutered borth - | | 1,092 }3228 Ft.oun | 0 8 0
16 | Permanent railway lines 7,146 o 06 9
17 {Picking up wave-breaker} 3 713 11,035 | Cub. yd
blocks at new entrance ’ 399 . 0 510
18 | Removing capping . - 1,167 e 09 5
19 {Removing blockwork at} 12,054 25,562 »
new entrance . . . ’ . . 0 4 9
20 {Dredging rubble base at} 20,043 84,728 Ton
new entrance . . .
21 | Special moorings . . . 4,803
22 | Boat-basin . . . - 27,389
{Slipway for vessels 500}‘ 6,300
tong d.ow, . . .
24 | Special dredging - 21,688
. ‘ 392,171
Residual value of plant} 14,786
and buildings . - m
Deduct amount realized
by sale of the old block- 6,957
ard . . . . W)
yar £400,029 I
{ — ;2
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he 6:3:1 concrete blocky containing
largest iten of the works, Details of g,
facture are 4 follows .

Tang 15,
Item

No.

. f
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14 per cent, of displacers fOf‘med ch?
¢ ¢ost per cubic yard of their manu

Book Rate
Description,

——— ,_,,\\\,_ﬁm;ﬁ_
Sand

per
Cubic Yard.

.

Cement
Crushed stope

| Displacers |
Working 1iver, .

» goliathg, -
Block-1ouldy and lewis-Loyes .
Blockmaking . e
chking and loading Mocks, |
Repairs ¢, block-yarq achinery
Upkeep ang

. . . .

alterations te block-yard |

Share of preh’minnry €Xpenses,

tools and plant ana estab-
lishment, Co

Cost in block-yard
Rate for setting |

Total cost in place . |
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Discussion.

[he ] RESIDEN' t} t S 1 The Preside
& sl [¢] 1
ving A% Au hOrb f
i mo in a vote Of th&nks to 1
EN T, m a

. ; as
R . rancis Spring wa
their valuable Papers, observed that whﬂ;; S;‘[ itilheu present that
apers, ) i
; ’ ifvi have Mr. ications
ia, it was gratifying to communic
:\Irerfirxll(im’ qni;t ‘vvv?s iot oi)’]ten that the A‘l(;'hlzrs c(;fcould be present.
5y AS > ] . ch a distan . th’lt
seripti arried out at su ‘o Qpping’s request the
de:c“pt;(‘;el'(l)(f “‘:)r(lixlcldmttention to Sir Francis bl?“hnﬁbou;l, namely,
One Tx(;u ortimet ue;tion connected with Mlzdtr;; of sand on the
the tr‘p llof t(llxe beach and the accumula lt a rate that almost
SOuthej:iide of the harbour, which weztbzgg fl‘lture time, should
arbour at s R Paper on.
thre; Y erwhelm the har ! aring a Pap
n}llzegtecrll'efi u‘s;:e(()lvmt present, as Sir Francis was gf:fou“ﬁy debated.
it whfchl::}ould enable the whole subject to be 2

3] nu [¢) 'e]‘l siiaes 1lustravir Mr. Mitchell,

r. I\III([[EII } bt d ld “ strat g hell
a mbel' f lan

exXninpy d

in its completed state. '

the progress of the work and the harbm;f;(;nt;thave It)he oppor t,ur‘nty

Sir AruxpEeL T. ARUNDEL was very g imd for Sir Francis Spring,
of eXpressing the regard and reSpe@ he on with everybody who

] i reciation he had, in comm -eat achievement
and the high apprecia k in Madras, of the gt A
knew anything about the wor tion with the remodelling

ffected in connec is in 1890, when he was

Mgl been ¢ first met Sir Francis in River Kistna, and
Madms pusbour Hg istrict at the mouth of the tl‘;)ridge over the
in charge of a large -ltl en) came to build a grea e iies of
Mr. Spring (as he was ; o bad had ma“yﬁﬁies itics of
b ét Pomvads. 'b:’:c erseverance, his great la 1in Pr’ivate life
Obsemng o Slll)'mfflélalge bodies of men; “fhl: very interesting
p?wer of co'ntro Ht?r' ality always rendered bim bour Trust, Sir
his extraordinary Oilél-rT an of the Madras Har he Government
peppnnion.  As Qllfl llm‘ndl impelling spirit, and b evq to help in
fouicis wns the guldu‘lg 3‘of such ability and re-‘tdl:{: Legislative
found him t‘o bo m;n was made a Mem.ber of o bis aeistanon,
Gy ection that fethe Madras University, whe‘x.e \studies and
Houncil and'a Fellow 1(;)6 rs connected with engmeeillgfen with the
fuppioularly in all m:’lf teh; utmost value. It ha(t of Sir Francis
degr: est’ (ilelli lzeiﬁatolze had seen the agn((i):lnz?“:l’; Indian Empil‘{"-
greates g - 1 of the Order of eI e
T
Sir Francis had trans rmed v <hipping and ha dling oo
lUf the'fi]orlt?ﬁglle'?ri‘:iitziz::;»e;::rlfi\nd iil%iirectly the wealth and
ecen st l) [1¢ 1

>

Arundel.
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L aid they might want school ©
) . . . the whole expanse, as they said the) rears ngo when a sch
v Arundel venience of the inhabitauts of Madras, and of those parts of the it was consi 1]\“)(1 ’L great concession some yeRrs ‘lh] d managed to
" Madras Presidency wlie e depende adris. hid been very A5 ConsIde R ir Fyancis Spring @ MRS
‘ ency \\.lu(h were d«puuy nt on Madyas, had l.w(,’(,n very pl:zyground was made there! Sir I rked out the boat
bigely increased,  [f statues were given on werit, the citizens of
Madias would evoct one of Sir

- 1w now wo
\ . . ] settle the whole of that matter, and 1
Francis Spring looking out over the

. e tion
t important things 1n (onnectl?
. . s o
. . o . basing which were among the most former state of things, 11
harhour,  He himself kil experienced the operation of embarking with the harbour. With reference to the 0”‘ 4 hern [ndia, large
. 1e harbour. Lo her i :
ab Madeas in o Masula bout, having had on one oceasion to eross the 1877 v:h :‘“ there was a great famine in b;)m‘ . o there were no
SV . . . en " @ g h because e Wb
st just before the notice was put hiddi ation ’ i the beach s
SORe e notice was put up forly r all communieat - . o deposited on the ‘ auflicient
with the xhogs i o 1 i 1 hidding all ¢ ; N Quantities of rice were depositer Jway facilitios were not sufficie :
e N y 111 L . ape . : o "o Al WS . . . kt H < "
o bad weather had subsided.  The boa ’ sheds in which to put it, and the ralway Jone occurred, the grea
pushed by the wmen through the fipst line of surf, which was nothing A cyclone
oxtraordin

i s wene wanted.
. ) . e to carry it to where it was want | through
ary, and then they jumped in and began rowing. The Piles of rice, soaked through anc ¢ 1bﬂ’1 b
second line o'f surf was of considerable magnitude, but, there wis _”0 caused a great stench, and it was expecte
very great ditficulty in getting through it. Then came the thivd 5

became rotten and
there would be a
ask whether, from

. P e would like to s, t of
line, about, 1,000 feet from the shore, which broke from a height Serlousloutb‘reuk o_f (11>e.h?~ chere was not a certain ,u'nounl %
. . . ) ’ an engineering point of view, . n from the left end S
of 14 or 15 feet; and it would be understood that there was little insecurity with regard to the bay which ra broakwater. SIr
chance of any hoat and its crew surviving if such a wave burst upon th Cl;;l y v tobtlhe end of the protecting nOl‘th‘) ’600 feet radius.
it, Rowing P as near as possible to the falling breakers, the men Frio'(' O{éen‘l.r;g ll-L;l described it as a Cl'lr'Ve Of«uivhicl‘ ordinarily
waited until the native steersman, seeing o favourable opportunity, Mi nth,N t—,l;l}l i b(; danger of the cyclonic w:xv(?h’ and thus causing
shonted Lix orders, and the hoat was rowed rapidly over the danger- c:m% fno t{,e . f‘xllirljl"' against this curve.d b‘Lye‘re sbraight? S0
point. Tle understood it was casior to g0 out than to come in, rei ro;fl e' t“tile‘ str:ctm'c than if the lme'lwne in Madras for
becanse in the former case the rowers had their backs to the danger, %Lr(L ejrl ()(L}]vlgflv (tzhere had been no first-class CYL}Oich destroyed the
which was seen only by the steersman, whereas, in coming to land, t‘h ?s‘tu, \nc.\\r,o renrs.  The cyclone of 1881 w lﬁl-gt-cl;lss cyclone,
the rowers saw the danger, and the steersman had to look round to (;r'ea‘(“?l in Olk !)" til,“ was not what was cﬂr.l-ledltrL w;)uld like to see
see where he was, in order to give his orders. With regard to the th;bmﬁ . tle‘l,“&vep severe one. The Poln'3 h-li, an extraordinary
“pier which stood out from the beach, he believed he was right in dis }lg“ 11 was avhet{xer it was not posn’ble’t (Tth(of Madras, when
sying that on one occasion, after the harbour had been made, a ship ¢ ‘cﬂlu%e(‘ “}71% s“ln wpened in 1864, 200 l}ules Illozrlﬁaht bave a very
ln‘o,.ke loose during a cyelono and  Jrove right through the pier; a‘yn‘o:.e, m‘bll-‘h w%} stranded 17 miles inland, Mg oo
which confirmed the necessity of sln'ps goin;ﬂ; out to sea as soon as deqt(:- 1v§ X :E'ect({lpon the works ab Maduas. epared a Speech he Lord Incheape.
bad weather way reported. e had expressed to Sir Francis, 2 or 3 ALolxl-fi 1;§CHC apE remarked that if he had prey

years ago, the hope that it migh

of having
outstandiug pier, which diviq

t be found possible to remove this

. ( ed the beach-line into two and would
ake it much more difficult for o Jine of ships to draw up along the

dUays, as compared with what they could do when the pier had been
removed ; and he by been delighted to hear that Sir Francis had
already re'considel‘ed the scheme ang provided for the dismantling
of the pier. e hoped Sip Francis would be able to remain in
Madms until he had the whole of the quays along the beach-line bod o e e He i
in process of constey ction, because he kuew not only the Madras been described, getting ashore drencthe Madras beach during the
Government, but also the Government of Indin, and it was of the membered the caryo of xice i o8
utmost importane :

h ) akhs
e like 3 or 4 la

: Jaim of something . oyclone

¢, 80 anyonc who hag a large scheme in hand, to famine of 1877, and paid a dalmhe storm. If a first-class cizlcl(;}r;e
know thel personnel and the routine of the Government of India, as vely hoped 16 BVCY g ,h of
well as of the lyeal Govornment, inorder to he able to feel his way wed o e the e
for grants of money for the wopk. Wi
sand, when it wag made the Militar

+unate position
would have found himself in the unfortunate p

sai actly
ho had said exac
. del Arundel, w d ey
muc, . ivered by Sir Arun . . i 81
wllll‘(i] (I)f " dﬁgvh‘we'lil{ed to say in regar d to} ‘S(; e man of
H had T S" Francis for 25 years and );1 i uglity i
d ir Francis . ; "
hi: hdd. knoi‘:ln ‘u‘Lliﬁc:Ltions, of his tact, ‘Lnd‘o n(;hthe Tyt
Witl?liﬁ?leEZt fn(%y the Government of B’[;\d}*:; a it Tanded
g 1 mmunity. e
Ik also the mercantile C? ity e ety s
?f ﬁldlm’ bgt :11:? 1874 and landed in a Masula boat,
I Madras firs ;

of rupees for the damage done by t

. 30y
did not come again, and l}f bm“wmf
. . milt on o
th regard to the deposib of sheds which had been Dnil

y Dcp:u‘tment wanted to claim
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Madras woulq be able
tome. When ip Madras about 6 we
tunity of seein the worl
= . 1 in the
S0rry 0 suy he would not hyye recoguized any of them
diagrams except, the ol harbour anq the hogt-
west corner, whi,l, he strongly urged
made to protect the }yaty whi

ars to
to take sucl crgoes for many years

eks g0 he had the oppor-
s deseribed in the Papers.  He was
harbour in the south-
ny years ago should 'l’*;

ch were tonstantly coming to g"“il
When there v, a breege, Strange to, Sy, the vory iden, Sir A[-un(l(’f‘
Arunde] kg OXpressed, with regard to o statue to Sir F“”'c};
Spring, had oteurred to |y also,  He tertainly thought that i
Any man deserye] such o memorial it way Sy Franeis Spring, who
Was as mucl, entitled ¢, ,, statue in Mades
at the Sue; Canal, i, Francis, in fact,

Madras and the Presidt;\,ncy of Madins as
existed,

Mr. F. N, Troroweony remarked that M. Parkes, the originator
of the olg design, followeq the suceessful Manova breakwater at
Karachi, The res 1€ that, qand of the dredging Uf't‘he
harbour, wis 4o make Karachi ope of the fiypgt ports in India. The
first tituy rane and the first, hydimulie rane at Madeas eame from
Karachi. The firgt works were suetioned jy 1875, Lovd L[ob:hl"f‘
then being the The firyt Swperintending engineer W"";’

ay, from Alex:mdrin, but he died g months later, "”“.
Mr. Thorowe im He could well remember

. . N < C]l
and the tz'cmendous biles of rice on the 'be l.the,
mentioned by Sip A, Amndel, which wepe destroyed in

cyclone thyt attacked Madeas iy, that year, Siv Andrew Cl:u'l;
had tolg him thag he came to Madiag with the intelltl‘on.o
Stopping the works becauye he did 14 believe in them, but seeing
how mucy, had beey done qt the time, he wag overruled, and thf
works went o Although the stopm of 1881 was not a ﬁmt-clnft’
cyclone it w avery bad gpne for ey, The tcnﬂenc_y was to measure

f
the force of 4 cyclone by ¢, forco of g wind, but in the cyclone o
that date there wag

* very hig), wind: on ]36?luf°rt’s,Scnle l?
might e put down 44 g ot 9. But the SC was extraordinarily cond
W-points of the curves of the north nnd
all the blocky Were undermined to seaward an
fell oubwards, an along the two ontep straights they were upset. by
the dynamj, force of the w and folj Inwards, On that Occaswnd’
unfortunately, he I ' 8WO titan eranes in a more advﬂ?c(;s
Pposition than he h: t them during previous cyclone pelrf‘; ii;
He hag m €C eyclonegy before, and he thought t T:nes

between the outer fengths of straight. the ovs

g >
as de Lesseps was to one
‘h for

had done as much f
o

any man who had eve

the famine of 1877,

he tanger
south brenkwntex's

Aves
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. ack. Being
. right back.
an if they were run rig little in not
e secure than if ‘haps erred a li .
would l)e. mQ!O ; ish the work, he I)elhﬂp‘_ L cranes fell over.
Very anxious to‘ ni: h, and the two titan ¢ and appeared
bein;r quite cautious enough, l e for 10 months an (‘1P ¢ Sir
L) lome - S o
Shurtly afterwards hLe mu‘le ittee which was C("mP()‘se <. who
Several times before the Comm d Sir Gabriel Stokes, .
‘ - . Sir Jobn Coode, an " al weight and size
John Hawlshaw, Sir 1: idered, that in actual weig rh for the
. imself conside ’ notg
COUSldcred, as he himself con »r was not heavy enoug drin
A o lie breakwater w: . at Alexan Tl
the o gl d.ehlgn ‘O‘f fv-l:lnted to break the,“‘.ﬂ eS,t‘ZS that shown 1n
seay somethlng was “.(r 1ed something similar ;. The Manora
and the Committee desigr 1l-mell 30-ton blocks. trary to
Fig 4 Plate 4 a screen of pell-m s breakwater were, contrs n
})pZ‘H' ’t r f),mi the original Madras bre: d. Mr. Parkes had a
all ul\(:: gf ;11~1s'0111")’, built without any b?: x;ot so likely to Ckaf'
idea til:Lt they settled move fairly and w ef the plan was adopted }f:
In ‘the (qe(‘t}ion shown in Fig. 3, ‘howffev‘e;, th on the beds and on tl e
bl‘e'tkin(; ‘1l)in t with joggles or projections ')zto a sort of groove fn‘,t 1;3
f‘Lce‘zq qobt'}nt each block wns slipped dowfntll e place it was :wtomshllliz
8,50 that e 'y corner of the pls 1 Madras.
ek, To one who knew every ) ) representec a
s just shown < in 1876, at ¢
i : hotographs jus srete block In :
;(; tlflilfk thgt.tltls tI:)lle se:, there the first con?;;'ected to a constant
ti Ly 1 n-u was landed on a beach s@'gn of sand-movement,
Hne WhG.n ATEO. 1(' g to touch on the questi s when he began to
:urf. Wltlfout :V lbz)':clzrd the state of thlngb“rhen he arrived' in
© would like Oﬂ ier of the old harl.)ouri necessivy of gett‘mg
Construct the north Pt ressed upon him tled by the consulting
Madras the Governor.l’}?lp The plan étl’mngeﬁwtyline of surf as
on with the WOPkkqm("NuZ'to go through the tli;_wagOns through
englneer, Mr. I_).«n ‘3 » ositing the rubble fI’O}I:lwest monsoon, when
quickly as POSSlEIi’ P done during the smltt_ However fast the
S . that was oast. .
the surt; and elled northward up the ¢ ace with it, so tl.mt t}.lz
the sand trav ipped, the sand kept p: t to sea as quickly a
"ubble mound was tnl;)ihe,shore :LdViLnCu.’lg Ol? 1t created alwost a
Public could oI.lly 5 bble in. This Ton Mr. Parkes was
the engineer tipped the ru reatly disappointed. onsoon had
anic, and he himself was greal he arrived the m . d of
Panie, an d by the time he h-east, and instea
telegrapled for, an utﬂ?;l_wesﬁ to the nort l-i‘;iof’l was, how to get
changod from thehsoe was erosion. The que: stop the sand from
aceretion of sand ther un out rapidly enough ,Otmonsoon. Unfor-
the south breakwater r r at the next Southngb 11 over Madras and
8etting into the h;rbs urrible famine prevaile au]d not carry stone
: —-{ a te anies co . 1ce.
?unately, in 18’{')6 ond the mﬂway‘-commmlired for c;u-l-ymg‘ucth
I part of Bombay, : ir wagons being requ ctension of the Sou
for the work, all 1:'he-:)ln to carry out the extens
He obtained permissi -

’

Mr.’
good
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AND { Minutey of
Indian Rallway, as it was then ealled, from Fgmore to the south

pier, to bring stone from a place cadled Putelamully,

By pushing
on the south breakwater as gquickly as possible, the sand was just

stopped from being perinanently shut up in the harbour.  All the
triangular plot of land towards Fort 8t. George was called in
derision * Parkev’s land.” Now it eould be secen how valuable
“ Parkes’s Jand ” had turned out to be.  The construction of the
sheltering arm was o fine piece of engineering work. Knowing the
const and the climate, he could say it was very diflienlt to get any
work of an unusual character done there, and he could only admive
the manner in which the ecaissons had been towed out and sunk.
The opening of the north-east entrance must have been very
difticudt, although the Papers did not refer to it as being 0. When
the storm of 1881 overtwrned the two outer pieces of the original

havbour, the breakwaters were finished to within 500 feet of one
another and work was proceeding at the pler-euds,  There was tulk
of a north-east entrunce, hut one of the objections was the great

difficulty in taking up the old work, the rubble buase, vight down to
the bottom. The question of a north-east entrance eame before the

Hawkshaw-Coode-Stokes committee in 1883, but they were not in
favour of it and recommended going on with the plan as designed
by My, Parkes, with the section much strengthened, and with a
screen of wave-breaking blocks outside, 50 as to destroy the wave of
translation before it had a chance of knocking the whole thing over.
The intevnal equipment of the harbour was also very interesting.
In the old diays there was no equipment except the iron pier in the
middle of the harbonr. For 2 years hie was with the Tavbour Trust
Board, and put up two sheds for storing gunny bags of rice, indigo,
jaggeri, ete., instend of having them thrown all over the place, in

the blazing sun, covered with tarpaulins.

He thought all engineers
who had had to work in the tropies would be glad to rvead what Sir

Francis Spring said about painting corrugated ivou with two or
three coats of thin Portland cement, and taking the precaution to
do it late in the evening; becawse that was a valuable hint,  Siv
Franeis refevred to Mr. Parkews edeulation of the 15-foot wave
outside being veduced to 2 feet 7 inches inside by the original
design of the harbour. That was ealeulated by an elaborate
formula in Stevenson’s book on harbours, but he did not know
how it was arrived ab, or whether it was velinble. Given the
width of the entrance through which a certain wave passed, and
the distance it had in which to spread out, it was supposed to
be possible to caleulate what a 15-foob wave would be reduced
o ab o eertain distance from the entranee.  Bub a 2-foot T-inch

Proceedings.] REQUIPMENT OF MADRAS TIARBOUR. T

wave in a closed harbour on a shallow shore was a very troublesome Mr. Thorow-

thing to boats. In November, 1881, before the storm cumne, the
two breakwaters were practically comyplete and the two pier-heads
were being constrncted; and he was putting down serews designed
by Mr. Parkes and sanctioned by the Government, with a com-
plicated network of chuins acvoss the hottom of the proposed
harhour, on to which buoys were shackled at intervals. The chaing

were held down by large screws about § feet in diameter and small
serews about 3 feet or 2 feet 9 inches. But even under those cireum-
stances, when there was any sea outside there was sutlicient swell

inside, with the 500-foot entrance, to render it almost impessible to
work the capstans of the screwing-apparatus, With regard to the
divection of the waves, what Sir Francis Spring said on p. 29 agreed
with his own experience. Both at Madras and at Vizagapatam
there was not much difference in the strike of the waves in the
south-west and north-east monsoons; they were slightly inclined

one way in the south-west monsoon and the other way in the
north-east monsoon,

As a vule they came in nearly parallel to
the shore. According to Mr. Mitehell, all the Portland cement
bought in ¥ngland had been stored in barrels. In the original
work about 25,000 tons of Portland cement was used, and it was
his practice to store it in bins in well-built go-downs of good
brickwork and tiles. It had appeared to him sometimes to require

a little more aerating, but Mr. Mitchell’s work had been done with
cement kept in barrels,

With the local cement he had a great deal
to do in the early days, because the Government was very anxious
that it should be used as much as possible.  Major-General H, R.
Morgan set up some works at the back of Madras and mude some

very good cement, and he believed about forty blocks were made
with it ; but he could not use them, as they were unreliable. Some-
times, however, the cement was very good : he used it in carrying out
alarge intercepting drain to cut off all the drains of Madras from Fort
8t. George, and he hoped that deain was standing yet. He could
not help recording his admiration of the drop-hook by which the

33-ton blocks were released. When he was working on the Tyne,

before he went to Madras, the large 36-ton blocks protecting the
foot of the north brenkwater were lid with claws clutching the
blocks on each side, and these claws were very ux'xh:mdy. In
rebuilding the north pier at Madras the blocks were easily dropped
from a curious overhanging crane built by Messrs, Ransomes and
Rapier specially for the work. The 30-ton blocks could be dropped
into the sea from some little height—a performance which was of
great interest to the public, and especially to Liord Dufterin when
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he Visited the wop S icis \ v i ail
accounts of the timek::n; ﬂ::liﬂly The sy.s‘ti'm Of- keepm}g g:orl{
Y Spent on each portion of the
appeared to b excellent, Personally he thought the Public Works
SYstem of accounty . 10b suited for such work. heeanse it Was
cecessary to divide everything undey diﬁ'erent]m:ul.: and to estimate
for .the 005t under el head; and it the estimato was exceeded at any
pe.mod. the excayy WS objected ¢ by the examiner. Ile did not
bhinl i Was practicabiy in Se-work to make a estimate for every
Pi'lf‘t .Of the u‘rork 50 that the accounts could he audited monthly and
:])-‘}))‘]e(,ted. 'tO‘ if too l])u(?}.l }lﬂ(l l)een gp“nt in any I);[Yti(fllhll' ,n()nﬁh-
1€ work had heey, carried oug Suceesstully that it could be now
sad, as My, Parkes haq always hoped to way of his original work,
tha‘t‘ the Madyqg surf wag abolisheq, v . |
Su“WILLIAM Martnugyg, K.CM.G., Past-President, considered
f)h-at The Imtitl}tion Was greatly imlebtfed to thre Authors for having
Wli(;;:gt}lllz };Cf;ile 16 theiy extremc}‘y valuahle experience in cor)ll(z(:tif)ﬂ
4 ¢TI ot of e, Mportant works, The Papers were
& recorq of & prolonge fight wit), thie sea under abnormal ditliculties
3‘::}‘[;‘}‘3?;’110(1 of ahout 30 years, At fivst the ficht was attended
s 1 e U
. PR, the fight had been won, and a
:EZCQSSf.uI result hag been achieveq, hﬂe had heen connected Wl:t]{
assis:;(x)lltkiootllll tIW(é o canions, the first being in 18823, e Chcie;
Committee ('onesi;:;iiflrfJOhH Coqde, The India Oftice :LI)I;)()IIIVI:: to
Consider t)o Severe (?L;'erwe;sm. I'I-;l“"th«‘L\\', Poode, fmd :mt:) the
two armg of the out(ez' “be .(k?ne, o th(ﬁ YVOI.kSwp:erculm,]}i/ch was
shown iy, Fig. 3 Plate 4\V(})1 ‘.\’ the omgmal wection of ¥ lvqs well
Withip the Cyclo’ne N °Y & eyclone ip 1882, ]\"Iadms Vs«‘ 1 to
O AN Was therefore on oceasions expose
. O Was depuged by the Committee to work up,
1nstruct1(3ns of Sir Johy Hawkshaw, the investigations of
- frienq Mr, P:u'kus, whom he had met b?fore
v i work, explained what his ideas
Signed the breakwateys,

. ; it was
ad to pe “uried out on o pubble base ltttl(e
Provide fo, longitudinal and transverse sety o
* Tarkes ppoy: . itudi ork
the sloping ) c Provideqd f, longitudinal settlement by

. . Xk
vertica]] o0k, which allowe( of the scttlement of the wor

Y WIhout fjpmry.ss sverse
§ uption ; a9 . squal transy
settlemeny he adopted g ot to allow for uneq

: . ‘ore con-
sisted sipy, ly of & vertica] Jomnt.  The work therefore S b
Ply of tw, walls ]y oht 1 Jth a straight Joid
betweer, In hLig gne UEht together with n steaig by the
Commitgg, tht éum(m,\ MA it was the view entertained )‘z the
AL sty ; 103 . ’

Faight JOIt wag o 4 considerable exten

e

. , i
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s 7hen the sea
cause of the disaster which oceurred at Madras. Whe

it carri the uppermost
ke vk vl vt oo o, e of b g
blocks on the inside, leaving the externa 1 O,le e
casily demolished ; and consequer‘lﬂy He w«;—, ucti‘on was illus-
Practicully broken up. The p rinmp.le of colli/‘[o Iglr‘xs work was in
oo in 1ig. 4, Plato 4. At the time th? 1*a béino' carried out,
Course of construction, the Colombo work was also 8 s Ho
ivalry between the two po »
b there was a good deal Qf "t lombo works also, under Sir
hﬂppened fo be connectod w1th. the QO o ctically that shown in
o Frode, the Colombo section being pmb ‘ker blocks on the
Fig, 5, but at that time without the wave- rfm s 36 fost, wide,
Seaward fall. The section of the M;}dms new 1’{[’“ P‘% ‘kews original
and the Colombo section 34 feet w1de,.whlle. ré acn S
Section was 24 feet wide. By comparing FlgS-] nbo section could
difference between the Madras section and tl}e Co. oilnt T
be seen. The Colombo section had no .Stmlghf' q‘];:tio.n the Colombo
the works were very much alike, but.m cross s thors wore jogglo.
section wags bonded, and down the en_t;lre sectl((i)nt e e Jogg e
8rooves filled with concrete bags, which tlocl;}fl}e works ot Colombo,
together. There had been no damage .01 oint failed. He folt
While the work at Madras With.a vertlci : adopted in the first
Certain that if the Colombo section had ielll]a,ve : eonrred. That
Instance at Madras, the accident would no Siv Francis Spring's
poo one of the lessons to be learnt fmmll onsidered, especially
Paper, and it was one which ought to be wevl'ﬂ‘i \v;rks of the kind
by y oung engineers who might haye % 'd}(: Vtvhe works was in 1902.
" the fut;urz. His next connect.lon e er, namely, the closing
At that time the works described in the Plin O,ening T e ot
of the east entrance, the new arm, and_ ¢ Z‘ nfmittee consisting of
o rumee, wero xeferrcd to an India-Office fu(x)d himself. Without
- oorge Nares, Siv Ch“rle: hfii}f«{ n‘ot very well eXPlain.all
referrin to the sand-movemen . the construction
the reasfns which led the Committee to Ieclomégjss upon it briefly.
of the protecting arm, but be would only of the sheltering arm,
It was an important feature in the Pl’ovwlonvast accretion of sand.
aouth of the harbour there} hadm;?sel;e;,ions of the shore, which
The Committee had before them er ine on since the works were
showed exactly . what had }?ezlntog (é;lxrll(?ul::te with fn‘ir exactnesi t(liu'a
pted, and which enabled the -d on the whole during that period ;
Duintity of sand moving nOPthWa; nz er annum travelled north-
and they . found thatt: ‘d5t51?é032)w(t)h ofpthe sand south of ﬂ.)e SZ!;Z}:
ward, which represente e BN e of 550,000 tons per a
pier. It was evident, with an averag

Sir Willl
Matthev
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i h*“'bom', as the result of his firm ha Oloﬂin" e O
Sir Willjam, t;m,vn]ling from soutl, to north, that, o the closing of the cast entrance bt 13 the sl o bis i i hz e
Matthews, the sand would travel wlong the buek of the work, in front of the and the opening of the morth entrance, ‘

closed  enst entrance, and ¢ the

] ;,(1
back of the et, arm. 1t ha
occurred to some slight,

extent and g partially shallowed the east
entrance heforo it way closed,

sand would tryvel along, and the

ongratulated upon the
Hartley-l\[ntbhews Committee were to. b‘.3 “; llleolssinpletion of the
improveq condition of the harbour since cessful so far, with all
Works; bug although the result had been"silfc.\/d“as he always had
due deference to the Committee he consic Ll:ﬁ:ined in some other
considered, that the object might have been ?iciwl results. Taking
way at, les; cost and with even gre.nter bel‘le er; as to the improved
into consideration all that was said in the P“L‘P“*O £ the east entrance
ot ons in the hurbour eﬁéCt@_fl bginzhi(;l'(t);”:;m under the sll;};ter
an ning of an entrance m ider that the problem
of (%d:}il i)i{));ectifg breakwater, he did noti cons;:;%elnttf harbour should
had been met in the right manner. The p of access and egress,
! ays for the vessels o lan had been
a::‘il I;‘ll'(:)t‘?icdt:g Elu 3:) ship dock.  Instead Of{ tizts, z(l)lenflke what was
to convert the present harbour into a dolbe’ result being that the
to some extent a new outer harbour, tll while the dock WﬁS'Of
outer harbour was only partly e“df""e(’t so far, anything like
inconvenient size and shape and Wltpo.l;;ﬁ ;ienc_)’ of the present
suflicient, quay accommodation. The Ins

. e ab
The time would come when that

. - . ad
main dllh(:ulty the Committee ha
i ider i ; s
' considering the subject was foyw to deal with the sand. Tt w

thought that, the provision of the nym would ciuse the sand tf‘)
gther in the form of A Spit under the Joo of the new work, where it
could he dealt with hy s dredger from time 1, time; and he felt sure
that » dredger in thnt position, working in shelter, would remove
the sand and keep the entrance oloyy, No merit attached to the
Committee for the Suggestion to close e east entrance, provide the
wm, and open the noytl, entrance, Pt pln came before the
Committee fop considm';zti<m, and they practically vecommended the
CUTYINE out of (1, WOk, with hug )i, modificntion.  But the
question of dealing wit), the sand way 4 new feature, and the Com-
mittee went into it very t]un'mlglx]y. Sir Franeis Spring had
referved t the relative cost, of ] works at Madeas per lineal fo(,)t
a3 compared with worpky like those 41, Dover and Peterhead, 1’“.13 it is Spring’s
was almost Impossible to make any sopg of {air or useful comparison k was shown by Sir anas’ bpmcl:;r
between worky S0 :Ll)s()]llt(‘.ly dissimilap, ¥or instance, the Peter- harbour converted into a doc ““;rks should be tak o l_n tof the
head work yag 65 feet high, while the Madvas work was 47 feet Temarks on p. 30. .Those rten:ls said as to the f;uluu? ? e
high ; the Peterhond Work was 58 feet Wide, and the Madras work Sideration, together with wha ‘1tedf'el‘ « Madras,” and as l0Sin
36 feet wide; the Peterhead work wag founded in 43 feet of water, attempt to insure the 90-0_‘00n ((11 entizu‘gement of the houtbisin.
and the Moy work in 98 feet; and he Peterhead work was oults of the construction an

Jway Company,
’ 1 - e Madras lev’my (Jf)mp
exposed to excﬂptiun:n,lly heav}’ seusfHProlmbly no breakwater '111 When his firm made their re}(,)m;oz(;;hmmps, " a ffw(i):;;d()ii :ﬁz
the world i exposed to heavier, Again, the Admiralty pier they found thez:e were twodpuay P ation Plovh i i
at Dover, from e bottom of the foundution to the top of the east entrance being closefd an gr ety leav.mg t'l(?he‘ o
parapet, was mope than 9g feet in hei;:ht, and the block-work was ' harbOur, and th.e other 111{1 -faV:he o b sa,nd.accremo[‘], T bt
47 feet in Width, It o Impractica)le to form any proper or alone ang making a doc‘ .lnGOVGI'nment, and afteI: Vel,yb (t eful con-
serviceable COMPAXISon betaw ey, Works so far distaut from each other Was the view of the Madl&ﬁ' e e vight view uv oo
and so absolutely unlike iy, character, sideration his firm was convtl}n;l.esu]tg The money spen}i}: \:}Z d e
on.  Mr, J. Murnay Dogsoy remarked that, oy the south sand accreti.on Sidt? prevailed.. What was reldaimed i et t;)'daom o 2
Wwas one of the Principal debatahle subjects in eonnection with sufficed to build a docl:f O;Einﬂ e b wonld be‘ ‘;;t o e
Madras harbour, t}e Paper Promised by §i; Francis Spring on thflﬁ of nearly 260 acres, ‘:Ldoalonzside quays in perfect \a,l On); during o1
subject would be thankful)y received by T'he Institution ; and while vessels could be moore i the extons o e o
the question of sand-movement and sand»accretion~eSpecinl]y ab weathel:s, and nb the Sar}?e trade increased, The m? e 3; ould e
Madras—wag of great moment, under the circumstances he would alm(_’_st lndeﬁmtel); as t feet( do Imerensed. e Vi o
refrain from making any comm;nt upon it that evening. He had PrOYldE?d a dock -,OQSALeca.pnblbe of accommodating te
already made 50me observationg 1 Upon the condition of Madras oy - dodk 2,000 ,

De §hl 1S 10100 d o, ) I on ’Y hl)W evel lla,d
nygs & /
¢ y 3 ll‘dztv money,
i y E l 1 ‘lde thb qu Se H
¢ J I 3 ed 410 8

! Minuteg of Proceedingy Ingg, C. 1, vol. clvi, p. 247.



Mr. Dobson,

Sir William
Matthows,

Mr, Dabson,
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been spent in ch:mging the
His firm’g estimate of the
Puper showed that the
the north entrancy,

R—
entrance and building the I”'Otecmn%:ltlhe
cost of the dock was £316,000, ‘Vl:ilw o
closing of the enst entrance, the O[,]e]-ld Eost
and the construction of the new ;Lﬂ[n" ﬂ'le port
£314,000, To-day, aftoy that expenditure had been made, b
of Mudrag was st without,
harbour v still

as said
. It was ¢
wirned by the authoritiey g leave in times of danger

]
! ‘ iR 1.000 ton:
that the boat-basin was capable of tuking in vessels of 1,
drawing 19 feet

. . he basin.
and thyt they were perfectly safo ”lsnl‘fifgl:_:ez had
Did not thy, Prove that if {he dock to which he had 1: lie there
been built, ) the lurge steamoers would have heen able to
in perfect safety, inste,
dangey

: 2]
tion th
t, o SLCHH n[()({?l, 1on,
“r‘l('([llilv G (lll(l,y aeeom

. to
ad of being warned to leave on ILLZ(:‘ull)leing
as in the present eaxe 9 In the event of a Hteilﬂ(l'ons had
warned tq leave, it vy, doubtfy] whether the new condl.d leaving
improved matters, Wiy the old et entrance St"“me”‘} fact 1O
the harboup faced the yeg with the wives volling inwards, a to him
which the Paper drew attention, byt which was well knownblowing
in 1901, ‘onsequent;ly, a2 wind from N(E:L\VILI'(‘L "t:te;. ree, any
strongly fop 5 time, by been found be inereasing in 01]d ’}mve

Ang on her how Moorings within the harbour wollle would
0 steam almqgy, straight ahead 4o get out; and

. to
., et el attempting
walt with Interest to hegy what happened to a vessel at
leave under guch conditiong through the new entrance,

Sir WiLniay Marrig

ad not

WS remarked that My ])(.)l,sorl },)lllj(lll:we

referreq g, the Mocking of the entrance by sand, which wollried outs

£0ne on if t},4 ATangements hig firm suggested had been (f:l,l,tinn' the
Mr. Donsoy, alluding to ¢ remark in the Paper respecting

N at he was
maintenance of the depth pt the olq entrance, regretted tha

t question on
UM entering it AL argument upon that q
this oceasion,

.r, with
Wone point in My, Mitchells Irjif}ll';r‘(’]iﬁ'er'
regard to thg Cement, t, which he would like to refer. ingland and
ence in Sebting. iy, botween the tests made in l.gng\ ‘the con-
those made iy Indin was (.'urtninly most perplexing, slll‘:]b din the
ditiong Would lead o, to expeet, Opposite results. ' In k113 hours
“ement wag neyey and jtg temperatyre higher; yet it too Janation
to set there, against 1 Minutes ip England,  The eX[)I;,LJe by
i eXperts appenred to agree with the remark 11);)1't1nn
Mr. H. - Bumbey jy, the discassion on his Puper On. tting of
cement '—that the effect of gYpsum added to retaurd the‘ hfe ngﬂi”
cement g liable ¢ wear off iy time, so that it 1>80‘t”1" mean
quick-setting. He woulq like, howevor, to know what was

' Minutes of Procccdings Lust. C.E., vol, clxxiii, p. 195,

vessels were
. and vessels
at times not, place of safety, and '
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.) & Sma [ I h St'on ()1 T. bason
Trono: r' e o questl Mr. Dobae

‘ « l rti()n ” Of Sulphuric ?ﬂ]hyd ld . q

> ¢ ¢ p p

' ars ago, and
ed to his firm some yea ss
sing M. t was referred . t failed to pass,
u}imb I}Yddms c::;?lna specification which the Cenl)izllll manufacturers
:Iteh);utg}?;hfzeq%eciﬁcution was worked to bg’ci]fizﬁ a limit of 2 per
: At speci . sp di-2
. atisfaction. They now . lly showe
With complete satls Zh /dride, and the analy Sl-"';ilsu:io{l placed the
cont. for sulphutl’ B a'i‘he) British Standard speci fczalciunl sulphide,
to 1-5 per cent. f 2 per cent. o , h
o L5 pe .in the form of 2 pe howing. suc
it ot 2 715dper selllxtl(;ertand the M”‘firas .cem(:)nt asnalySis' The
and he °°.‘; " nc;m lied with that spec‘ﬁc%m?he };trength of the
a}nomalleé ! tlhecsettl;)ing-time and the fatl)l n d 300 Ibs. per square
changes in ; ) 100 Ibs. an ) Id
! tween wou
?‘dﬁybbr;gue:tes’ Z;:;Iliidbzeen 12 hours outt of the water,
ne e time . ent.
have m);,de him dubious about using the cem

k.
istic r ks made Mr. Me
bserved that, after the eulogistic remar

Mr. €. S. MEix obsery ,

X mber approached any Crmcmn;
by Mr. Thgrowg?old’ ‘tl;ei:l:ig;(z;izi; but his ‘cxl;xtllcjn:zovlio;ltl,d t}l:e
of the subject w1t;} bOoriurirml design, with_w}llc ’ the result of
directed more to the h‘ztle to do. For lnstan(‘e(;ne had been, it
Autllf)rs had had ver}t’rance and Opening the neg' to the Paper,
blockmg gptthei()leds?rlllooth water inside, anhd’ {Xﬁziolrn\%vent on to say
Was stated, to giv uccess ; but the > out of the
zl}:ef,worl(;s wi:it:izoiliii(if;siances vessels i’ﬁi,,ffn;z;tement- It
at under ast, an als N to
might be due t? hls.gjri?aned a harbourztflhomegli ‘z-dly feel much
think that if R employers ‘VO"]] ing of the old
had to clear 1n.'d» hum.lc:LI;O;Pk. No doubt the ¢ osf i’hinm‘x in the
satisfaction with thel.r ) reatly improved state 011 be r:ecollected
entrance had' Pffsulted I;liniother water, but 1t Sho;;ct of affording
i]}arbolur }by gk')lwilgwri:usriéinnuy designed with the obj
128 the harbour was

ble

) ssels must be .a'

Is, and before it could do that Vel:e thought sailing

shelter to vesse 53 an As the entrance was nO‘W, in. even if assisted
: ) o . o

to gain access to it. ry great difficulty in gettmi éir Jobn Hawk-

vessels would hnve'VT tyEmve been the reason w ybec‘luqe in those

r . ht C . "4 {s3 <L AR

by a tug. _[‘}]'d.f} mlﬁb'ecte d to the new en‘t'mr;ctiqen circumstances

shaw’s C?mmltteel ]el»e predominant. Sine iversal, and they

days iling vessels we«els were now almOSt-u; the harbour by

. steam vess . ing in

had altered Stea?'lt‘de difficulty in get,tlflg sailing vessels would

gould have very lP 'obably in 20 years’ time sa what became of

the new entmnce: F;ancis Spring did not Sa\yt‘, clear out, and

be unknown. .Slr hurricane. They Coul(.l DOO,. go ashore. It

sailing vesseif mhz to trust to their moorings

apparently they ha

G
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would seem to the average enginecr that, given smooth water, it

ought to be possible to make moorings secare enough to lold vessels
in the strongest gales, That could be done in this country, and he
thought it could also be done in Madras. 1t was only a question
of sufficient strength in the moorings for vessels to ride out any
gale, provided the water was smooth ; the cause of vessels breaking

from their moorings was the undue stress on the moorings due
He felt bound to raise a point of eriticism

to the swell of the sea.
in connection with the comparisons drawn by Sir I'rancis Spring

in the matter of the cost of breakwaters, which had been referred
To emphasize what Sir William had

to by Sir William Matthews.
said, he might read a few additional dimensions he had jotted

down, which would show how difficult a comparizon really was.
All the dimensions were below high water, because the rise of tide
varied so much in different plices, and were the maximum depths
at the various places. In Madias the depth below high water was
47 feet, in Plymouth 46 feet, Portland 60 feet, Dover 62 feet,
Peterhead 66 feet, Holyheud 72 feet, and Alderney 150 feet.
How could a fair comparison be made hetween those break-
waters per foot of length? There was one poinut in connection with
the jetty to which he wonld like to druw attention. The Jetty
was made of solid steel piles, and he thought that was a mistake ;
better results could be obtained with hollow steel piles.  The solid
pile was 6 inches in diameter, while a hollow pile containing the
same quantity of material would be 10 inches in diameter by 1 inch
thick and would form a column twice as strong as the solid fn’]e. A
hollow steel column 40 feet long, 10 juches in dinmcter and 1 inch
thick would be as strong as a G-inch solid pile only 20 feet long.

Bracing connections below water were a nuisanee and ohjectionable,
He had designed piers of

especially In warm water, as at Madeas.
steel tubes and had always made a point of keeping the hracing at
least 10 feet above water; and the result had justified the experi-
ment. There was no rusting and noe bracing below water to eatch
the sea, and the pier was much stronger and more durable in con-
sequence. Hollow piles weve easily joined by means of internal
mandrels, so that there were no joints or cat surfacos exposed to

the corrosion of the water.

Mr, W. B. Trrrp said it might beof interest if he called attention
to the original attempt to afford a landing-place on the surf-beaten
The old iron pier shown in Fig. 1, Plate 4, con-

coast of Madras.
structed many years ago, was formed of four lines of solid wrought-

iron piles, the outuvr being 8 inches in dinmeter and the inner § inches
in diameter, and was built by the original licensees of the Mitchell
screw-piles, which were at that time a close patent. The invention
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afforded facilities for building structures on sandy coasts and was Mr. Tripp.

employed in making the Maplin and other lighthouses on the
Thames. A great deal of the work had to be done by hand-forging,
and it was considered at the time a very large job. The screws
were 3 feet in diameter, made of cast iron, and fixed on to the
ends of the piles; and there were lines of rails on the pier, which
afforded the only landing possible at that time from ocean steamers

on the coust. )
Mr. MrrcurLr, in reply, stated that some of the cement was Mr Mitchell

turned out and bulked Dbefore being used, but no difference was
found, in the results of the expansion-tests, between cement which
had been bulked and that which had been kept In barrels; and as
It was more convenient to keep it in barrels, that method of storing
was adopted. With regard to cement made in Madras, none of the
cement from the old vertical kilns would pass the British Standard
specification, but when a rotary-kiln plant was installed, with an
expert from Englind to work it, a fair proportion of good cemeut

wis obtained which passed the British Standard, No cement was

tuken unless it did pass that specification. As an additional safe-
guard all the cement made locally was thoroughly aerated in the

old-fashioned way, although possibly that was an unnecessary pre-
With reference to the criticism of the harbour on account

caution.

of ships having to clear out in bad weather, it was not pretended
that the harbour was a harbour of refuge; but it was a harbour
where, except during the actunl passage of a eyclone, cargo could
be worked in smooth water all the year round. There had not been
a eyclone of any serious force during the 6 years he had been in
Madras, but uo doubt when such a cyclone did come the steamers
would be better out at sea; it was probably safer there for them
and certainly safer for the barbour, because, under such tremendous
wind-foree as was developed by a eyclone, a steamer might, in spite
of all precautions, break adrift and do inealculable damage.  Only
once during the past 5 years had vessels been ordered to sea, and
then the cyclone did not come, but re-curved to the north. No big
sailing ship had been into the harbour since he had been there. A
few native craft, mostly under 100 tons, came in during the year,
and they could go quite conveniently into the boat-basin,

Sir Fraxcis SPRING, In veply, remarked that Sir A. T, Arundel’s Sir Prancis
pring.

doubts as to the comparative security of the bay of 2,000 feet radius,

between the old entrance and the north end of the new sheltering

arm, might perhaps be set at rest by the explanation that the

comparatively heavy wave-action bhere was taken into .account

expressly by Sir Alexander Rendel and Mr. ¥. J. Wilson in the
G )
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sir Francis final design of the works, before Sir IWrancis came on the scene, and

Bpring.

provision was made for & considerably larger quantity of random
wave-breaker blocks in the hollow of the curve than elsewhere.
Moreover, just here great additional strength was aflorded by the
junction-gusset between the new and the old work. Mr. Meik’s
point, that the harbour could not be considered to be a success
because vessels might not lie in it with entire confidence in a
hurricane or cyclone, had been dealt with by Mr. Mitchell. But he
wished to add that on a stretch of coast so flat that, as related by
Sir A, 'T. Arundel, a ship was carried 17 miles inland by a cyclone,
an expenditure of 10 millions would be but little move effective than
an expenditure of 1} million in ereating o haven such as Mr. Meik
had in mind. Therefore, although something of the sort might have
been thought of in the days of small suiling ships, no such intention
had ever entered the minds of the modern makers of Madras harbour,
and they were more than content to have created an enclosed place
in which vessels could work cargo to or from the shore on perhaps
365 days in 9 years out of 10. Morcover, it was perbaps not
made clear enongh in his Paper that no master of a vessel was
obliged to go out against his will ; but, ovdinarily, any prudent master
of a well-found 4,000-to 10,000-ton vessel—and there were practically
no others-—would go out of his own accord for a few hours rather
than trust to the chances of bis own or his neighbom’s lines, between
ship and buoy, holding in a very heavy blow of wind—a rare event.
With regard to the question of the comparative cost of the break-
waters, raised by Sir William Matthews and Mr. Meik, the point
which he had tried to make was that Madras had not been extravagant
in deciding to furnish herself with an artificial harbour by means of
breakwaters costing £117 per lineal foot, in view of the fact that
many another port in the world, with fewer than 500,000 people in
her streets and fewer than 30 millions behind her, had thought it

worth while to pay anything from £200 to £400 per lineal foot for
the breakwaters forming her harbour. There was no intention of
claiming comparative cheapness for the work itself per unit of bulk,
especially in a Paper intended for professional men who might be

presumed to be as familiar with the dimensions cited by the
commentators as he was himself. 'The fact was that, among those
who had control of the Indian public puvse, it Lad grown into a

sort of axiom that there had heen serious waste and extravagance
in connection with the old Muadras breakwaters; and a little
enlightenment on this matter seemed likely to lead to a more
liberal financial attitude in the future. When Mr. Thorowgood
and Mr. Dobsorn spoke of “Madras cement” they were not
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used 3,760 tons. The former was a very crude product indeed;
but the cement made in Madras in the last 6 or 7 years had
been the product of plant quite as up-to-date as any in the
Medway valley, It did not all come up to the British Standard
specification, but nevertheless the makers obtained a good price for
every ton they made of it, and the harbour-works used all that
they could find complying with the now well-understood specifica-
tion. The docks in the sand-aceretion which Mr. Dobson would
have liked to see constructed would soon bave proved a failure, not
only because of the rapid sanding-up of the old harbour-mouth, but
also because so long as that entrance remained open, unless very
heavy dock-gates had been provided, there would have been—as all
concerned now knew from experience in the boat-basin—such a
“range” within the docks, that vessels lying therein would have
been in some danger, hanging on to short springs from bollards,
whenever a heavy swell rolled into the main harbour. Now that
the entrance had been changed, swell no longer rolled in, and of

course it was an open question whether quays in the harbour were
or were not preferable to docks. At all events, it had not been,

as Mr, Dobson seemed to think, a question of choice between
docks and the recent remodelling. It must be remembered, how-
ever, that when lying in dock the high sides of vessels would be
liable to catch as much wind as when lying at moorings ov at quays
in the havrbour, for there was no chance of sheltering them. Small
craft of less than 1,000 tons were not affected thereby to any
unmanageable extent. He could confirm Mr. Thorowgood’s remark
that there was but little known co-ordination between local wind-
force and height of swell when dangerous waves affected Madras,
For it happened just as often as not that the heaviest and most
dangerous waves came rolling in when there was no local wind to
speak of-—doubtless the result, as explained in the Paper, of a heavy
disturbance hundreds of miles away, towards the Andamans. With
regard to Mr. Thorowgood’s appreciative comment on the work
of opening up the new entrance, his experience was that all such
difficulties were questions of suitable plant, of steady men, of
an equable temperament, and of being content to “slog along”
monotonously, like the proverbial raindrop on the rock. With QD};
help of all these, everything got finished sooner or later, As $4, and,

in the Paper, the opening of the new entrance was a % iaying for
from start to finish. Moorings, though provided with $5e as being
always nowadays water-jetted in Madras harbour, to ad,. ought to be

into the sand, and regardless of weather, instead

Sir Franeis

talking of the same substance as that of which Mr. Mitchell had $

pring,
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ot pstans th.rough a rigid shaft, as remembered by 1]::]2
good,  Mr, Meik seemed o ho much concerned about sailing
vessels,  Sip Francis coulq not go so far as to sny that there were
10 sailing ships, but L could say that in the fivst of his 8} years ab
t.he barbour e had one L500-ton sailing vessel —besides aunuallys
Snce then, ten oy 4 dozen of what on f,Tm south coast of Irelan
would be called « hookers,” The Indian Pullic Works accounts
S.Y“t"fn and itg estimatos ;) approprintions had no such terrors
for hin ag it seemed to have fop Mr. Thorowgood. All that was
necessary, to get rig of annoyanes at the h;u:ls of auditors from
bime f“) time, wag to make out new estimates and to get them f%‘ﬂy
sanctioned--q, perfectly simple and Successively easier operation-
I';Ie had had six Successive estimatoy during the progress of the
£400,000 Job, each nutur:t]ly closor to actual fioures than its pre
:‘I::}OSSOIP; and i_“ Consequence Liad (sxp(-l'iun('mrno annoyance, but
) M his acconnts, What the engineer W
;:':LT fg) b t]lf" true vates ot which the main items of his W.Ollk
I‘“(L)(r O(:;rtl;ll:::(‘:’“t;ll:()t c(l)nvtm,ct tates, which might mc:m_a.n}.,timff'
O HOSe Tabes; ay well a5 for the co-ordinatio d
with upproprintions, there was no more efficient ands

i ‘ . ’
o t‘were reasonahly worked, 1 simplor plan than the Indian publ
0Ol kS 1lCCOllntS .’\')'StUIIl.

Correspondence,

™ BrLL obseryed that, putting aside the questloz
tstatiding points in connection with Madm;'
the disturbance within the original harbolue
» the light, section of the hrenkwaters, and tl:e
1 entrance, With regard to the first point, t;e
Upon, if j¢ were desired ’ eastern entrance could not be improY
-t oo des tred to preserve the height of the waves.. @)
a AN for Madpay coutemplated 5 square form (Figs. 1,
:17(1):1; 1: v:ill]d have allowed of & certain reduction in the Wave—he]ght
shore.WbBu')Z]‘(;a]‘f“ met _t'he 'Pllm]]el walls, when they and their reﬂtece
cormers A g ) er:;: Maintaine] their height until they broke on ing
© direptioﬁ i .1 splayed outep arms (Figs. 1, b) the wave-reduc in
norwoul| }ye cut off, ang jf the waves did not enter 19'
Mal to the ™trance, their ful] strength would P
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directed to the corner B by the splayed arms. W 1thVe :u;illma?
harhour it was not surprising that the water-area wasl\il‘edr.ls o
As to the light section of the original work, when thfe :,wfons -
were desig;wd engineers still clung 'tu shallow -(‘):I:w;ure .
rubble, and the importance of protecting the supelslr "
Overwhelming seas was not fully grasped. The rubb edIIlOf .
always 4 sou‘rce of weakness, of slow seﬁtlement, a:n r(;tmcture
tainty ; and where it was employed the deflgn of thfe suPe.zements "
could not easily be made to comply \‘wth the lequzlhe e
stability and speedy construction.  Provided, howe\ier,‘w. S
tion were secured and the design ensured the tran.brr}llltsslznder "
weight of the superstructure throughout the heig e
Circumstances of settiement, there was no doubt that the

should be carried high enough

above water to prevent it from Figs. 1.

being swept or overwhelmed by
the seas. Tt must always be
rémembered that 2 tons of con-
trete above the water were equal
in stability to 3 tons below
Water.  The entrance at Madras
had been 4 very difficult pro- b)
blem, the solution of which had
not been facilitated by reference
to so many commissions, some
of the members of which had
hot had the intimate local know-
ledge possessed by the men on
the spot. It was a mistake to

Suppose that in such cases men . ight be, were
brough t from a distance, however experienced they mig )

. st kers-on
Recessarily in the best position to decide such %uebt:;ﬁ;arfi(;ml‘tic“'
8aw miost of the game, and experience_ fron"l ot elrI qt otk that of
laxly when gained in branches of engineering « af nishing advice,
the matter in hand—was of the highest valué 13 i;r roposing new
in setting forth fresh aspects of a ppoblell.l, ‘m. n It):he spot were
modes of attack. But, provided th ° eng'meels‘os out of ten the
Competent men and real engineers, In l'nne ‘cabfir here were many
consultants should be advisers and not ]udg?' ¢ and abroad, and,
examples of the neglect of this point, both at o;r} eer “playing for
above all, of the fatal error of the eminent ednam course as being
sfety.” Ho felt he could not recommend a cou ought to be
absolutely the best, because he did not kuow a

Mr. Bell.
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known - . | '
Withj: ,a b];:lii,::iwtr%;et(})x glly(; }}is opinion as an f‘rminent enflt:fr
recommended the cours ¢ did his best, under the eircumstances, -
the absence of aceurs t’ se that appeared bosb to make auow,mc? ;
with Tndig the (:‘;nltz,: l;)(:lt.l knowledgo,  To engineers un'acqualix;h ‘
teeming population -.m[; ';tl(.m. of a "f”txt—lnm, of 1,000 mlles"‘ :‘;Ne
by ") but one }m.};(;l'”‘ }l‘ll ’y.uxluul with (one eould not S;Ly 01‘ ,
entrance ot M:u]mx) U“’l 'l':(\’(l)n;: an (.H)ty-nll(!(‘, (su(fh as .f;}l@ e
of trade of less th, i-) 500 feet, wide, aud dealing with & e
fve food for ‘ ";“ three-quarters of a million tons per an h &
Al 'l‘r}m('.l thought.  How solf-contained must Sucster
shipy and d(;p ) 1‘1('.10 was 1o evidence here of a call for'n.,ons o
be served t]I] X l.l'f})_olly»s3.}:(st, with a population of 3Q m,]]m.nlons
adverse to the& )Zh;“f (ifliculties and the reasons for ﬁdecllls(:ial.
‘ ’ e
Such conditions Iw:.,-:,( tmr'l. .of the pl:m. }l.:l,d :'nlwuys be.e)n i;;lmabited
L it men. A ’]) }lnl the any Ol»(,n‘mmg' in countrfcs ecessary
to carry 5 nd then the reports and (-,n-(-,urnl()(mtu')n n !
b, project, t]n»ouk’h.’ It was marvellous that m all £ y
years of struggle m:)
o delay a man had r; 1
heen found power ue
enough tosweep aslo
all the volutflesthe
writing, and give the
men grained oD
spot a clean sheet

begi ;
f(‘;;a‘ilzgle h;\u]ll‘ tl;ulmomiy spent on outside advice hndrnzﬁesfj;ee
of the exponse ot ;)he( ;l(xly 1‘n‘thc h'uxt;.mn of its Phw;’f:(;)m the trad®
winds, witl, the direc M u“l:\' In !“.th]m rmnovﬁ(‘ t Ma
entmx’)ce 500 u.((,tmns of provailing sens suc?l as ab a
even . prme‘(‘t wide would not, suflieo for safoty in maklnfr Madras
did not, for h:l '; northern entrance, which was a suceess 1 osition®
g e;ltmn '1c ‘1 altered conditions, appeal to one. In S.uc P
it g be- 'c]e could not he normal to heavy seas in all (‘,ll‘?ue
Withey Wide enough for the longest vessel to round up 11 r 0
w&ter‘are G'(’g E)lown on to the lee pier-head ; and if the conte! ves, i
Woulq be?] mside did not, expand sufliciently to still the wBlb
essary to adopt some such plan s that proP 0s¢ ) thet
un, M, Inst. QLK. But it n}’Pe"red to X5 0 mou
Rroviding stilling-basins in deep water & in making
0 applied with advantage in many C“S;f,gl 2). The

: . . L
shape, with additionul water-ares

d east

——— e —

mstanc®®

the

p. 260.
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Section of new work shown in Fig. 5, Plate 4, was not a very econo- Mr. Bell.

mical or effective design. The top of the wall was liable to be swept
by destructive waves, and the mass of rubble under the wave-breaking
blocks was a source of danger. The careful specification * selected
rubble 3 cwt. to 1 ton ” and large rubble 1 to 5 tons ” looked very nice
on a drawing : but where was the 3-cwt. rubble now? Was any of it
rolling about and grinding down the concrete blocks? In the first
Place, the 36-foot wall must be strong enough to withstand all storms
until the 5-ton rubble was put in, and outside of that, according to
the Figure, came the 3-cwt. rubble. Then sufficient 30-ton wave-
breaking blocks to make another wall were thrown in. According
to the plan, the cross-sectional area of these wave-breakers might
apparently be anything between 1,000 and 1,500 square feet. If
thf’ 36-foot wall had been thought insufficient by itself, the width
might have been increased and the wall founded througbout at the
level of the sea-bed, with a sufficient apron, on the sea side, of
ca,refully laid blocks. A parapet of about 400 square feet sectional
area above the present capping would have completed a structure
above the reach of overwhelming seas, with less concrete than the
section shown in Fig. 5, while the perishable mound of rubble
would have been dispensed with.  Strops could have been
employed, if necessary, to enable the titans to set blocks in the
additional depth of water. But these criticisms were not intended
to detract from the achievements of either the pioneer, Mr. W.
Parkes, or his successors, and no doubt the Authors could adduce
sufficient reasons why local circumstances had led to the adoption of
the design as it was. They were to be highly congratulated upon

the success of the work.

Mr. G. WouLre BrRENAN remarked that the complete success which Mr. Brenan.

had attended the alteration of the entrarice suggested that the work
should have been essayed long before. Matters could not well have
been worse than they were previously, and notwithstanding the
objections raised by experienced engineers, the eastern entrance,
Protected by a sheltering arm, seemed always to have been the only
remedy possible in this case. The sloped-block or “slice” system
on a sandy sea-bed had everything to recommend it—economy,
speed of execution, and a minimum of risk. The manner in which
the works had been carried out reflected much credit on the Authors
and the staff, and showed the great advantages gained by the
Harbour Trust in carrying out the works (which were necessarily of
a mixed and complicated character) without a contractor. It was a
prime essential, in constructing a breakwater, to build it of ample
height above high water and thus to eliminate, as far as possible, the
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fall of sens upon it ; and it was true economy to break up the waves
by large blocks before they veached the wnin structure, as exhiibited
in this case.  The description of the reinforced-conerete wharfing !
indicated that the slibs were not connected to the piles, but were
Iaid against them horizontally with butt joints, being held in place
by the pressure of the filling behind,  This was searcely o permanent
form of construction—as, indeed, was so implied in the description.
In piers Nos. 2-4, had the steel beams been filled with concrete
between arches and flooving, the metal would all have been encased
and ounly the bottom flanges and two outside faces would then have
been exposed.  These could be conted with cement mastic yearly,
as o preventive against corrosion. There was no form of piex-
flooring so strong, and of such value to the stability and solidity
of the structure, as w well-bound reinforeced-concrete pavement.
Reinforced-conerete piles wonld  certainly not stand as fenders
against bumping by vessels. 1f they had been carefully built of a
proper mixture aud kept damp and shaded from the sun, they
should not e pervious to sen-water; but the concrete would erack
under repeated heavy shocks of any kind, and would thus admit
sea-water to the steel s experience showed that all reinforced-
concrete piles and boans facing the shipping should be covered
with strong rabbing-thmbers, well holted to the concrete members.
The excellent Talles and details of cost in the Paper were much to
be commended.  The cost of the rubble deposited below water,
and of dredging the old rubble, scemed marvellously low, as did
also those of bag-work and block-work, notwithstanding the higher
price of cement necessarily resulting from shipment to Madras.

Mr. G. €. Bucuaxax observed that Sir Francis Spring’s Paper
was 80 full in every respect that it was with great diffidence he asked
for a little more information: he thought, however, that some
additional statistics as to trade would be acceptable. The Author
said the average aggregate tonnage of the vessels calling at Madras
was 1,610,000 tons (net vegister) annually ; that 13d. per ton of
goods and per head of passengers was a fair measure of the average
incidence on tonnage for port-dues and pilotage ; and that 3s. per
ton represented the average cost of handling, sheltering, and deliver-
ing goods by the port-aunthorities. Would he be good enough to state :

(a) The number and net registered tonnage of steamers entering
the port in 1911 and in 1901, dividing them into 5,000
tons and under, and above 5,000 tons, and 28 feet
draught and under, and above 28 feet,

~
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(b) The tonnage of goods actually dealt with by the port- Mr. Buchavan.

authorities during the same decade.

{(¢) The actual ordinary revenue and expenditure of the Port
Trust, and the proportions paid by ships and goods
towards the revenue.

{d) The value of the imports and exports of the port in 1911
and in 1901.

“With this information the average reader would realize better the
size and growth of the port, and its rank with other great ports of
the world, He congratulated Sir Franéis Spring on the success of
his labours, which he could appreciate the more because during the
last 10 years, in the dual eapacity of Chairman and Chief Engineer,
he had been developing and constructing the port of Rangoon.
During that period a million and a half sterling had been expended
on port-works proper ; and a river-training project with very novel
features, which was estimated to cost £1,000,000, was more than
half finished. He hoped to present to The Institution an account
of these works after their ecompletion.

Mr. A. K. Carky considered that those who had not bad an Mr. Carey.

opportunity of visiting Madras Harbour were at a disadvantage in
criticizing its original design. He had, however, frequently dis-
cussed this subject with the late General Sir Andrew Clarke, who
had held strong views on it; and thus the problem was theoretically
familiar to him. Sand-travel was, of course, the cardinal factor in
the regime of that foreshore. The reclaimed area of sand to the
south of the harbour had obviously been utilized to much commercial
advantage, but this did not obscure the fact that the original design
of the harbour embodied an engineering tragedy. At the present
time he had to deal with the problem of building a proposed harbour
on a dune foreshore under conditions somewhat similar to those of
Madras, except that there was anabsence of monsoonal disturbande.
In this case an inversion of the design of Madras had been decided
on, The harbour was to be excavated in the plateau in the rear of
the dunes, and, thus land-sheltered, an approach-channel was to be
cut leading from the sea into it. The construction of this approach-
channel was a difficult and delicate matter. He was of opinion that
in a situation such as that of Madras, granting that the formation
of a harbour in the sea was held to be essential, the methods of
building the sheltering arms should set up, as far as possible, con-
ditions similar to those which would eventuate from natural accretion.
By pushing out a low groyne breakwater stage by stage, as the
Dutch did, an artificial headland of sand could be called into being.
Sufticient time should be allowed for this accumulation to become
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moulded and consoli
NV causl:m};ohdnted, in the same way as if i
igsmbility_ High ‘(’)}‘)‘:ﬁ‘te.n.}n:upt measures was t‘; (,:n ltt were. flue to
line——obstructions m)?)l'lwt'lons built at right :mrrie lrt conditions of
and down the Co:xstmf%m“]y athwart the s:mdi‘t: o such «'L.shore-
sand thus creatine lnj?rm:mlly produced scour h‘he 911“;!; 1}0wm.g up
coast to leeward Zf ‘t}h and shoals and sett;ino’u d crion of the
under an artificial spit “; harbour when l)uilt,.zj Iﬁ Snudfm(m of the
to erect piers th‘ eI ]0 sand such as he had deqm_.ll (;e_blght forxw{)ed
dredged. Th“:‘e \'eexc ,“;ImEIv between which "c('nll);z , it was possible
a solid hrmkwute‘r ii::l’( to him to be two nltern‘\g'( «be Suc,c?SSfu}ly
best angle to suit loe 116 open sea, provided witli":o?. . (1) To build
structure with the sh‘L . exposure, and to (fonnect] £I l'eh'placed " t}'le
been adopted at Rlo 01I e by means of a viaduct 'Els' ssolated solic
sheltered harbour i::l‘are and at Port Elimbe.(:l hli m?th()d.had
protective works in ‘,futltl Of_ the dunes, c:nrryi:].n (2) To build 2
teansitions and l'eV();-\n I(‘,ntnt‘we way and mromi:.(,ou}t the outer
sandy coast. The )i-.(th of current which wer ‘i. those sudden
harbour in the fumlx <‘;1 of constructing in dee ° ‘( isastrous OB &
by a viaduet, had a (-()‘ an atoll, and connectir;upt;v'(l.ter- an enclosed
between the cost : ertain attraction at first gir:,} lfs with the shore
adoption. So far ;:l(i the area sheltered W;l: -ni’ but the xelation
built. At Cemrd. wh 1‘? was aware, no such hmr}: m(,)St fatal to its
shore, a great op 7ort ore there existed a coral rmil’1 had ever besh
have been practil;ﬂ lunlty had been missed Oxe: parallq to the
ux:nder the lee of w};i::}e to construct a fflrirlgr );(lt hat reef it would
with the shore b l sheltered jetties could }f‘tv) e}?ted br'eakwnter,
afforded little wii(;]_u‘lucts: Of course, all sx(xc}? deen buitt, linked
met'ltal drawback tol’:ﬁtectlon to shipping, and t;.e p-sea harbours
a sxmple jethy, such ¢ em. He had comt::’ to th 18 was a funda-
recently built at Lo “s,‘he believed, the Germ ° condu?lon that
solution of the probrlne mn West Afriea, would wn authorities bad
before the harbou em In a situation ,Sllch ) haV_e been the best
to date and exte I‘dWas built. The old jett as existed at Madras
the purpose. An‘ ed to deep water WOJ:MY there, if brought up
harbour-master t}:e he had stated };Pevio -lprlo bably have served
Fhose raged vessels only gales at Madreas ;IVS ).’, according to the
intermittent, disuhayent to sea for safe t,y' I‘;le cyclo.nes, and when
build solid works inge, what justiﬁcat,ion. exi ‘nder this condition of
for the purposes of ‘;B-he sea? Was the pr:‘oed for attempting to
ships still sent to sea flschm\ge in all conditi sent harbour available
or safety at certain se:::osn()f? W‘;‘}t«her, o
8 e cost of the

——
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ship- .
outlla?ruz)};bti z 'Mmlms (»CBO per lineal foot) seemed a very la
Mo, Mitol 11}1tended object.
interest, ;I:léiireference to the testing of coment was of much
with salt Waterl not say whether the Driquettes had been gauged
Mr. Carey had for fresh, and a great deal depended upon that point.
in gauging ‘cemOUIld the temperature factor of the first importance
retarded the Seté%.nt undel-. comparative test. A low temperature
Within a few dmg, and if the ‘.cempexzature of the water used was
refused to set o gglrees of freezmg-pomt, the cement practically
works in the t111~ ay dormant until the tomperature rose. In sea-
rapidly. Coner opics, on the other hand, cement set much more
thoroughly Wectlete work exp?sed 4o o tropical sun had to be kept
the cyclo of ch ed, or the moisture it contained could nob complete
testing-room ex(;ncg,l change pecessary for absolute setting. In a
maintain conlcllflt‘er a tropical sun it was extremely difficult to
enforced on wl 1}§)ns comparable w1t'h those of the test usually
gauging bri 0: 8 m'tempemte regions. He had found that, in
about 60° F qz}? tes with Sea:_wat?r ab n standard' temperature O
about 9 “l:)nt}i’ce-ment a’t:tu.med its maximum tensile .sbrength after
gauged with fr ; immersion, w}qereas when the'brlquettes were
all events. 3 es Water.the tjer'lsde results showed increase up to, ab
brought aim 1;yealrs.‘ His opinion was that the salts 1R .sea-wa'ter
than was thu Chem'ma] changes which induced, at an earlier perlod
s the case if fresh water weré used, a crystalline structure

of a d .
ense and brittle character, more readily ruptured in tension,
Tt would be interesting

but b
to hazztir able to resist compressive stresses.
urther information as to the type of r {In used at the

Madys

kiln I:ISI; ement-works, What was the Jength 0

’ what fuel was used ? The results stated by Mr. Mitchell
fusion of the clinker.

arity in the
ure of Madras cement was

h, although nearly pure
organic matter. In the
d, or sought to be used,
f much difficulty-
state, as they

se

Tl?:lfi(;:o- him fco indicate irregul
obtained 1;1 gredient used in the manufact
ealeium o ngm a depos?t of shells, whic
various i;:rt onate, cont:.uned a residuum of
for Cemeni ances in w}.uch shells were so use
Shells co 1'dmakmg this factor was the cause ©
possesse du not’be gl‘our.ld satistactorily in a raw s /
From this ahphy51cal qlfah'ty which caused the part{cles to t‘nfxd.
did not re(Il) ysical peculiarity resulted an absence of grlt. Attntx.on
In order t;l:)ce the product to 2 state of flour, and this was essential.
before bei overcome the difficulty 'fhe shells had %0 be roasted
product bng ground. Whe.n the roasting Was .carried to excess, the
physical ecame hard and intractable for milling purposes: These
al conditions were the cause of fluctuation 11 the chemical

rge Mr. Carey.
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compos .
the I;l;:t;gc(;i:: eo;'e:zmtnt cement and appeared to be inherent to
whether the cement W}”'l(.llnt from _Slmll deposits. It was not clear
10 minutes in Englar 1]](’l hml_n final set of 3 hours in India and
The vagaries of te:(‘:.‘i-u' IW%Ls of 1.00;11 or of Knglish manufacturoe.
that a more detuile;d ih:xm mentioned by Mr. Mitchell were such
tion in the 1'e51;1ts lb)e: ‘bfl‘lent 'w‘()ul(l be of interest. Wide varia-
sample of cement cUn“‘;bn (1Eﬂe1'enf3 briquettes drawn from oné
elapsing betuween ’t}“.i. :s])ondm,g" with vaviations in the period
rather oto want of ux;i:’ Tb‘l.]lOVle from water and the test, pointed
some occult chemical :::;’il(l)lrfy ll}l _m:mipul:mtion when g;mged. than to
) .I.e threw out the suggestion that
this doubt might Pel'hn‘rps be elimi-
nated from laboratory tests if a triple
t('.*t“biece were adopted (Fig. 3), using,
of course, a special shackle. In order
to avoid having to manipulate a larger

Fiy. 3.

.V()lume of cement than was contained
in the standard briquette, the section
oi' these triple briquettes might be
% inch instead of 1 inch square. The
centre briquette would first be broken,
:.md the others at the desired longer
mtervals.  Any wide variation in
breaking-stress then still found musb
be due to chemical and not mechanical
Gauses. The theory that irregularity
in the setting-time was due to the

weH © s°°"|"’3|m=hes4 Foot presence of sulphuric acid in cement
0 ! % 3 _ 4wewes Wasnobcorroborated by Dr. F. Framm’s
and dry in a tideway.! A tei*'_t“' of concrete slabs alternately web
ay. ceor ,
cement in which sulphuri rding 'to thase tests, slabs made from
tidal exposure bet:t pt—,llu“c acid was in excess, withstood the eftect of
sure er than those in wli -
: Ets wich the cent: .
acid wasnormal.  Nevertholes the percentage of sulphuric
e o - )tA vertheless, Mr. Carey was of opinion that many
ete might be attributed to the addition of gypsum in

excess. If clinker v
vere not burnt unifor
uniformly, and gypsum were added,

erystallization at irr ar t .
at irregular time-intervals would result, and thus the

concrete v isi
wvould become slowly disintegrated. On the other hand, if

uniformly-bur S i
p— g'r . St anfl sound clinker had an overdose of gypsum when
, 2 - . i . - ; )
Brow someWh'lty‘;;\;ltle limits, 1t did not do much harmn. Engineers
xercised as to the variation in the physical proper-

LM
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E;s(f_)f, cement burnt by the rotary process. w
WOI:,;} to have been pecentuated under the condltlf)ns of the Madras
Someh’ {;‘md tho,'reforo the tests carried out there might hglp to soi)\lre
from 1(3)}1 the disquieting problems which seemed to be inseparable
My svl“test systemn of manufacture.
Cl‘edit.rl : I?YCE Cay COI.IS.idel'ed that Mr.
of c(,n(,s the‘fOUnder or originator of the hm.'bou :
had structing the breakwaters, though it prove.d to be too weak,
ad been followed in the recent alterations, with strengthening
modifications and wave-breaker blocks added. With regard to the
f}izﬁ"ent works, from the indications given, Mr. Cay thought that
seas could not be very heavy, and he would be glad if the
A.u thors would give more information on this point. He regarded
Hlice-wouk resting on a rubble deposit on @ cand foundation as &
Inulty system of building breakwaters, as the structure was liable

t0 subs; S ygs .
0 subsidence : he preferred to form an unyielding foundation by
art from centre to

re. He had used this method in the restoration O re do

en_tmnce at Arbroath. where the bottom was quicksand. The piles
Might have been of x‘éinforced concrete surrounded with rubble m}d
sheet piling, and cut off at the Jevel of the underside of the sqlld
Superstructure. The danger of collisions between vessels breaking
0086 in the harbour during hurricanes Was regrettable, and. the
Successful use of the boat-basin for shelter on such occasions Pf’{nted
to the advantage to be derived from the provision f)f :&ddl'tlonal
basins. This could be dome by building moles or jetties 1% the
harbour parallel to the mew ship-quay (Fig. 1, Plate 4) ; o, if t?hl‘S
Were too costly, then a row of dolphins, connected by buoyed chains,
could be arranged to give the necessary protection.

Mr. E. A. Curex expressed his appreciution of the v ,
data afforded in Sir Francis Spring’s Paper, and of the Aufohors
concise definition of efliciency- It would add to the value ?f the
Paper if he would indicate the ruling depth at Jow water 1n th?
approach to the new entrance, and the distance between the ax'ls o
the new entrance, or the line on which ould be when straight-
ened up to enter, and, say, the 4-fathom and 5—fath.om contours t0.
leeward, 1t was stated that the old entrance had sﬂted' up 15 feet,
Which would leave about 30 feet at low water, and 16 would be
Interesting to know the maximumn draught of ves.'%els that used
this depth with a heavy swell on. Any information as to the
amount of sending movement, 0T the margin necessary beyond ?he
draught of large modern vessels, WaS valuable. A Cou};t of Marine
Enquiry at Melbourne had found that the 5.8 Cufic,” 476 foet 10

Parkes deservy
r, and that his method

a vessel W

That variation would Mr. Carey.

ed great Mr Cay-

aluable Mr- Cullen.
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length, and drawing 28 feet of water, injured her hull and propeller
by dipping her stern and touching bottom at the entrance to Port
Phillip, through encountering some exceptionally heavy rollers,
although at the time there was 39 feet of water. At Madras, where
labour was so cheap, the additional handling involved by lightering
was perhaps of no great moment ; but in Australia, where labour was
costly, lighterage had to be dispensed with as soon as possible.
From this point of view-—owing to the additional berthage afforded
—a series of piers projected from the shore-line in Madras harbour
would have been preferable ultimately to the continuous quay
described by the Author. In the harbours of Queensiand as much
berthage as possible had to be provided at the least expense, with
the result that it consisted entirely of wharves, solid quays being
too costly.  Until a few years ago all these wharves were constructed
of hardwood, but owing to the impossibility of protecting them
adequately from the activities of insects—especially under water—
reinforced-concrete wharves were heing constructed by the Govern-
ment. So farthere had heen no reason to doubt the wisdom of this
course, and if future results confirmed the practice, it meant that
sttitable accommodation for Jarge modern vessels could be provided—
with labour at 8. to 10s. per diem, and cement at 80s, per ton—for
something less than £40 per lineal foot, including sheds.

Mr. N. G. Giepye asked how far it had been possible to screw the
screw-piles referred to on p. 22 without the use of the water-jet;
what reasous had made it necessary to apply the jet; what water-
pressure had been used; how the supply had been obtained; and
what method had been adopted for leading the pipe to the screw-
blade. Had any attempts been made to sink the screw-moorings
by screwing alone, without a water-jet, and with what result, and
how had the jet been applied ? On the River Tyne screw-moorings
4 feet in diameter could generally be sunk in compact sand to
depths of more than 14 feet by means of suitable screwing-gear,
without the employment of a water-jet. The Madras Port Trust’s
moorings were stated to consist of a bridle of 2}-inch stud chains.
Were the chains of such lengths that they were taut when the buoy
was floating at the highest water-level, or was any scope allowed in
the chains ¢ Information as to the pull required to draw the screws
to which the moorings were attached would be of considerable
interest, and he would also like to know whether any of the
mooring-serews had been drawn by moored vessels during bad
weather. The reduction of wave-length expected by Mr. Parkes
in 1873 to result from the construction of the harbour as originally
designed was stated to be from 15 feet to 2 feet 7 inches, or about
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6 to 1: had the actual average reduction, based on observations Mr. Gedye.

made after the completion of the first harbour-entrance, been found

to agree with the estimate ¢

Mr. J. C. LArMINIE considered that Sir Francis Spring’s very dr. Larminie.

complete Paper would he of much interest to engineers generally,
and especially to those members of the Madras Public Works
Department who had had opportunities of inspecting the work
from time to time during the course of their service. None of the
works now described had been started when he last saw the harbour,
s0 that great progress had been made and the trade facilities had been
brought up to date; but, as a refuge in cyclonic weather, Madras
harbour was apparently no safer than before for ships of average
tonnage—a state of affuirs pointing to the need for the improvement
of ports farther north, e.g., Vizagapatam and Coconada.! The Paper
did not afford much scope for criticism, but it would be interesting
to know why, when closing the old east entrance, the new length
of breakwater was aligned just inside the circular caissons termin-
ating the broakwaters. Two re-entrant pockets were thus formed

Fig. 4.

{1 O

~1

which, even in a moderate sea, must canse considerable distnrbance
and subject these two points to severe strain. Had the centre-line
of the new work been placed as shown in Fig. 4, on or ahout the
line joining the centres of the two lighthouses, the caissons to form
the skewbacks might then have been designed of the much more
manageable form indicated by hatched shading, a form also more
conducive to accurate sinking, as the old circular eaissons would have
served as guide-posts. The re-entrant pockets would have been
avoided, while the new length of breakwater would have tended to
buttress up the old terminals. The adoption of this plan would not,
he believed, have caused any extra diffieculty so far as forming the
rubble base was concerned.  Sir Francis Spring’s promised Paper on
sand-movement would be awaited with much intevest. Judging by
the plan of the harbour (Fig. 1, Plate 4) there did not appear to have
been any great advance of the sand-accretion during recent years;
but sbould it still be increasing, it must in time-—as it was now

! Minutes of Proceedings Inst. C.E.; vol. clxsxiv, p, 241,
JtaE 1NsT. C.E. voL. cxc.] H



Mr. Larminie.

Prof. Luiggi,

. f
PR Minutes o
08 CORRESFONDENCE 0N 111 REMODELEING AND [

d of
prevented froyn, entering the o] harbour-mouth- reach thecz:sar)’-
the sheltering arm, where dredging would  then be nec
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Mr. Olive. ent I . .
. ering upon .
g upon the design, to ascertain locally by inquiry of citizens
iry of citize

engaged in trad ;
ade, s .
the shipping intér:sl;,lppmg’ and railway operations—particul arly
4 st—wh fs s—particuls
Applying this to the ‘:vl.]“t the requirements were likely to be.
nautical men consult,edpls“ellt case, it appeared that in 1879 the
be on th ' advoeated strongl
¢ north-east si . gly that the entrance should
seemed to have bgg:t‘ side of the harbour. This recommendation
ave been 1gnored ’ s :
alterations now C.u.l..lalnoud ; hence the necessity for the extensive
that 15-foot W‘W‘M 1:3( out.  Again, although 125 was known then
aves wer ¢
shore (p. 28), in the 01‘? ‘to be expected at 1,000 feet from the
breakwater was only 2 tl'lg:;d- scheme the height of the projected
It se o 2 feet 9 inches ¢ .o ' !
seemed & isnomer to desion: hove highest high-water level.
stgnate sucl a structure a harbour,
Fiy. 6,

oo EnTR.
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OF ENCLOS
196 nACREE

ocE,
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i
F::‘_—_»_-_.,, @OAT BABIN — ,{"’ggg‘
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T8 cale: ! inch=i600 Faet
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wlhen it was necessary f .
stormy weather i Y or ships to put out a 1
enclosed watel:-I:;re‘?u‘}o)lsf)(,luelftly , In ‘El"lel‘ to tl(‘)erf}llsr :I:Ezo:}?ﬂlz
9 inches above hit(rl,les;l;-llelght Jiad to be increased to 10 feeb
lie alongside Wll:r\'(;,s Tlgh_“’*‘ter level, and stenmers might nOW
adopt the height neces ‘1‘1,. all weathers. From the fa?lure to
scheme, the creation (;fm_ly to obtain still water by the original
structed boat-basin for it v‘L fleet, of lighters, with a specially coB”
away with lighterage b :fvlccommoda.tion, had resulted. BY doing
effected—at an es':’ima: \\e%en shore and ship, a saving might be
goods 1Lfmg1ed overside (ggg 0 (;)(I)llz’ 1s. per ton on thebaver;ge of
annus . ’ ons)—whi

dly.  The provision of ’wh:u?ve;v }:’:h\;‘;loilcl;)d i(:;:ilf sifu(io
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disch
ar ; . . . J .
ge direct into mxlway-trucks, for the interior or for.

d .
dzlsli‘:lzrrit}:y P.O s bl.")ught on to the wharves, s6¢
collstru(ct'lm ; and n order to meet this,
Without lon of .2 miles of additiona
evor, mi ‘Tllntt‘.epfermg mateljially with existing piers, ete., whicth, how-
this ’Waqb tl}‘ be removed with advantage. e ventured to think that
port. ;],} 1e‘ best method of extendir}g the nccomm(.)dation of the
to 1,800-1‘16 sc).leme. u,llowed. for a .tm'nmg-spﬂc(a or swing-area 1,500
fettios Oneitlz in dlamet.er immediately inside the entlrzmce, and the
Convenientl © So‘ltjh side (150 feet and 100 feet w1de)_ would .be
railwe, _1" )i accessible to ships and would be fully e'qulpped with
south yieme”’ Sheds,. .etc. The inclination of these jetties t‘o t.he
woul dpbr would facilitate dispateh. The basins between the ]em:ﬂes
ing bOateb35-0 and 30_0 feot, wide, and easy access to the exist-
scheme -basin - and .tlmber—pond would be ma,intufned. Su_ch a
Were fof'fc);:ld b.e carried out by instalments and continued as funds
outset fCOnung. _ He held that it was advisable to adopt at the
coﬂfom: {uuy.'COHSldered and completed design which should be
might we(" to in all constructional work which the ‘nmdcﬁ of the port
It seem T;mnt from time to time, as & part of an ult.uTlate whole.
of l‘ailwe unfortunate that some simpler and more efficient system
that far?;y accommodation had not been adopted. He 'consulered
and th 00 much valuable ground had been devote.zd to this purpose,
schemee- eﬁ‘?ct was one of h:Lpha‘zm'd progress without any general
M n view.
the fx-(‘x.CtF'ﬂE ’ ROI}ERTSON remarked that if th
eyclone 1 .mt S'}IIPS were advised to pub to se
a reﬁect-x'td witnessed one—as he had —they wou
Hooghl ion on the shelter afforded by the Madras 1
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. The worst storm in England that he could remembe

that .

trlizt in which the “Royal Charter” was wrecked, but that was a
e compared with a cyclone. It must be remembered that the
itself but the tidal

%v’:;lsest d‘anger to shipping was Do e tie
Wenth which often :wcompanied a cyclone. For any En glish
i ez Madras harbour would be safe enpugh. . ‘
Port T .DAM Scorr considered that both Sir Francis Spring '
polic rust were to be congmtulated on the works and on their
POrt-,y]’O and thj*t, if they would continue: the development of tlfe
shoul dy providing sufficient fully-equipped de'ep—water quays, it
Mady mean 'at, last the beginning of prosperity for the. port of
the as. Until the initiation of the recent works, the history of
port had been unfortunate and disappointing and success
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Mr, Scott. appeared to have been hindeved by the action of the home govern-

ment in refusing to carvy out long ago that which had now been
accomplished, and also by hand-to-mouth methods of finance,  Sir
Franeis Spring claimed that Madeis was now one of the clieapest
and most efficient. harbours in the Bast.  That might be so; but it
was yeb far from what it should be, for no harbonr wheve vessels
needed o 1is ol und cargoes had to he handled by lghtering could
be eadled n modern or au up-to-date harbour; neither could such a
method of working compare favourably with o system of deep-water
ship-quays, fully equipped with electric eranes, eapstans, ete., and
having a good railway serviee alongside.  Sie Franeis Spring seemed
to thiuk that Madeas would probably never be move than a port of
call. Why this should be so was not clear; it should, at all events,
hold its own with the other ports of Tudia, if all modern facilities
were provided.  {ts geographieal position, from a commereial point
of view, was not cqual to that of Bombay, but it compared
favowrably with Rangoon, and it should be able to compete with
Caleutti. The Incomes of the chief ports of India for the year
1909-10, and their respective eapitad debts, were

Iicome. Capital Debt.

e ©
Caleuttn 789101 5,566,020
Bowmbay . . . . .. . 506,812 6,005,119
Karachi . . . . . . . 221,108 985,065
flangoon . . . . . . 195,418 1,584,135
Maclras 90,215 521,736

It might be questioned  whether the  poliey
Port Trust were not too conservitive,
more advantageous.

of the Madeas

A bolder policy might be
It was reported that the dock accommoda-
tion at Karachl was now to be doubled.

reason why Madras should lag behind the other ports? It had
a population of more than half a million, which exceeded those

of Karacht and Rangoon combined, while behind it there was a
population of millions.  Kvidently the reason was that trade had
not been encouraged sufliciently, and modern facilities had not
been provided. Marked expansion of the trade of the port could
not be expected until such facilities were provided, and it was
difficult to understand why the Port Trust should hesitate about
such a vital question, especially if there had been a strong loeal
demand for deep-water quays. With regard to the breakwaters,
if more money had been spent in the first instance, by carrying
them into deeper water and by adopting a stronger and higher
section, they would have been of wmuch greater utility. The
original section of the breakwaters almost invited destruetion in

Was there any good
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deep water, owing to the want of bond and to the small depth at aMr. Seott.

which the artificial blocks were founded. Sir Franecis Spring stated
that Madras harbour had never pretended to offer any shelter from
the wind. But an enclosed harbour was generally expected to
give protection aguinst the strongest winds; and if it did not do
so it failed in the first essential. It did not redound to the credit
of the authorities that vessels must be warned to stand out to
sea, when a burricane occurred. Considerable trouble seemed to
have been expericnced in sinking the caissons truly in the desired
positions, as not one of them had been dropped exactly in the
position intended. The first caisson was filled until it drew 27 feet
of water, leaving 10 or 12 feet to he sunk—whether at low or at
high water was not stated ; the second was loaded to a draught of
231 feet, and the third to a draught of 27 feet. Would it not
have been possible and better to fill them to a considerably greater
draught, say 4 or 5 feet more? It would have steadied them, and
would bave greatly expedited the final sinking into position. The
reasons given by Sir Francis Spring for preferring hydraulic to
electric cranes were not very convineing., The cost of employing
an electrical engineer could not have been much more than that of
a good mechanical engineer, and in any case the difference would
soon have been eliminated in the total working-expenses spread
over a number of years. It was rather surprising to hear of hand-
cranes being installed nowadays, and it must be difficult to justify
their use. The detailed prices given in the Puper for rubble-work,
concrete, and concrete blocks were very interesting, and the works
appeared to have been carried out economically ; but of course it
had to be remembered that labour at Madras was very cheap. The
comparison with other breakwaters in the matter of cost might
well have been omitted, because no useful conclusions could be
drawn on such a basis where the works varied greatly in respect to

depth, section, and exposure, and had been carried out under
different conditions.

Mr. E. W. StoNEY had vead Sir Francis Spring’s Paper with great dr, Stoney.

interest, having known Madras since landing through the surf at
the old screw-pile pier in August, 1866, and having been a member
of the Harbour Board in 1903-4. The improvements made in every
way since the Author became Chairman, which Mr. Stoney had had
an opportunity of seeing in March, 1912, were so great that it
was difficult to realize how so much had been done in the last 8 years,
The descriptions given were very clear, and Sir Francis Spring was
to be congratulated on having recorded the difiiculties and small
failures met with, knowledge of which was so useful to engineers.
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Mr, Stoney!s experience of many attempts to make durable floors

for railway goods-sheds, which would withstand the unloading (.’f
;:Ii:;ggo&i:é (*(t:r, from wagons, eaused ]}im to agree with Sir anc]:
Sp h nent concrete made with granite broken to abou
a-inch cubes stood well when not plastered ; when plastered, bow
ever, the concrete always broke uyp. 'J'h(,)l‘”“"hly efficient and
durable floors were mude by setting granite 11:\4_:: # inches hick in
4 %o 6 in : leaving a .ép:we of % inch between the
Jomss, which wa's filled with asphalt pointing.  He had always found
that corrugated-ivon roofs were tronbles:me ab Madias, as they
constantly leaked, owing to the rivets at the joints being loosened
by the. severe stresses due to expansion and contraction cansed by
the' wide range of temperature,  Mangalore tile roofs were quit®
SI:)Ltlslf):Zlctf)ry‘ .un(;l dul::ﬂ)le, and very mucbh cheaper than iron roofs
tﬂ(::’ ¢ I?:p:g)]:bilni;1)0‘: l]md good grm‘uuls for not usi.ng M :{ngﬁ:;::
by lifting tiles, eing that thieves could easily make 1
})Ili(1"e~l)silll :s, «1“n,<l ;\0 geb access to the goods below. As an ‘O:_
ge-builder, Mr, Stoney was much interested in the new quay
\\;:lls built of masonry “wells” 35 feet by 25 feet, and he had
farz’;;’vild&“cf W.I.T)iltl’is system of construction had not been 1111(')::
avoiding the’ e;(ll))z(;i:e nyh(ij-le the “wells” were sunk‘i!l .S:mdjv ‘tv:ar;)
indebted to the AuLhél ;zrlei-—d«‘(“ns’ prmping, (‘t‘(’,.. h“gmlwl(:f cost
of the various kinds of él.vmg cloar and «.lehmte d'em\ \ 5 very
valuable 10 those wlb 0} ok (lo.ne; Su.ch lllfO-mmmorl . ‘?5 out
such works, butkit wa: fl:d o (‘lemgm (A,.\*‘r,mmte.fo.l‘, m:d (f;?fry
Mr. AL T W on b from doseriptive Papers - o
altered position f i o . 3 o
shelterifg ~anznt0 2;1 the eutrance and with the provismn.of'hich
a timber deck wag e.r}ol'.th-ezmst. The circumstances llnde;( Wmen_
tioned on p- 21 wefclaenm: bli? to.a, Ineta]_;Ln.(l—(‘,(?ﬂC“?te ii‘f; ’reaar
to €orrosion, h(; had f(()) 01 u‘mverml .“I.)phmmn' ; V\'l.’t’ ofct’he
Prince of Wales piex.‘ at ll;n( , .m Sxamining the. vw‘llllb. d a clearl
headway of 15 feet abov. 0‘7161, wheve -th? deck-girdors n (:-tides'
that the undersides ay 1Ve i » level of high water of Sprive osb
el $ and bearings of these girders exhibited ™
corrosion, Upon the sy ‘t'g i o i cortoS
occurred at high-watey léav:)lpmj;ng pll(fs the maxim i rustation
seemed to form a Pl'otecbl ) clow th.l s l'evel the shell m(; by han
the black varnish coverj 1on, because if it were remove d'c'.t};rbed-
The under-deck parts 1?g dundeme&th a,'ppem'“ed o be 1‘md ht were
examined deonned ;m;»] ;Il the t.roughmg. in the via 11(;11 por-
tions above ek \’vm.p r d(.?k—mrmshed.pen.o(hcnlly, w.hxle ( ualle
black varnish yeq. Feanted. In his opinion nothing i n.
s Properly applied, as a protection against corTosio

4 to 6 inchey of concrete,

a harbour-engineer, :\‘greed
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eedings. ] EQUIPMENT OF MADRAS HARBOUR.

He was not surprised at the corrosion of corrugated iron mentforllfiiil M.
0 Sir Francis Spring’s Paper. In 1861 the dome of t%le Boxo(l1 gjin
arket, London Brid(re, was covered with corrugated iron, an ¥
1891 this was found tt(’) be corroded and riddled. It was rem?lzb;
Y Mr. W:leisley when he reconstructed the roof over the ma‘l . t:i
For the last pier-shelter at Ramsgate Harbour the Board of rlm.‘(i
hagd used corrugated zine of No. 16 gauge. In 1884, on ?he r'emog.\‘
of some Shedscﬂt Portsmouth that had been cove're.ed \Vlthfzmc :;1
fnnny years, the zine was found to be in good qon'dltlon. (21 Cf;u::%:
n making a comparison, it must be borne in 'mm'd that 1lfél the‘ré
est Vieille Montaigne zinc and commercial size zin¢: SO :2.%0 anc
Was No. 18 gauge corrugated iron and cor.nmercm.l sheelz.am .
must be of the hest quality, and it would be mter?stlng to_h O
Wthors’ views as to the renewal of the covering tf) t ? shi”
eferring to.p. 29, 200 tons wind-pressure upon .the side o Ua terﬁ
Moored gtem to s’tern would necessitate a specm]ly StlTOng,“Sd .
mOoring; but he presumed thé authorities at I\Fadras Pl?‘hei‘le
oor in this way rather than allow vessels t0 swing at anchor.

M. M. Grupere Wiyarr remarked that 16 ing Mr. Parkes's
to learn whether Sir Andrew Clark, when condemning I‘-( "
SCheme’ advised a northern instead of an eastern ‘ :-nt;::lc r;orth
would appear that for the present the ne‘wlj -CODSY Il}m‘ll formi-
entrance was satisfactory ; but it might er?tal'l the ?xen ;0‘11 o the
bon of 4 sand-spit, and necessitate perlodlcal extensl

d from
sh i ., . opder to prevent san
elte”ng wm K (Fig. 1, Plete L, 01v enbmrrl)ce. Mr. Whyatt

travelling 1. 1: be et
o kl);r;é;l 1o{;zgti;xdif}iglﬁ’l‘:&%uIi)nt the breaking-test 10f ;e;]]iltl}?
I‘iquettes; he had never found in his experience thutft ),i;e,- bH .
of briquettes diminished after they were taken out o “h‘eth(;r he
Purposed carrying out a few experiments to see W
Ob;?/x[ined similar results. d that in
r. Cyrus J. R. WILLIAMS observe a . o
h.&l'bour the vaib changes which had taken place i1 Oce: ri)?toli?:l(i)i
since Mr, Parkes designed the original harbour msls superseding
mind ; for although in 1875 steamships were rf‘P‘ }Zd ch:me from
sailing vessels, yet the masters of those steanls}flps, ‘traditions and
the sailing vessels, bringing with them all the sailor’s ood holding-
Prejudices, Consequently, questions of easy accﬁss_’rgdue share in
ground, etc., were allowed to have more than ‘ ';ll old sailing-
the cong deration of the lay-out of harbours. leh eargo was
Masters concerned themselves very little abf)uf: _hoW :h: ortg lay in
to be got ashore, so long as the vessel bringing 1.13 ;O ,«rins that the
safety. Sailing vessels stayed so long in port discharging

would be interesting Mr.

discussing Madras Mr.
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Mr. Willi n
8 ams. above i
considerati
ation °S
ovelshadowed all others 1 tl
5, aIu 1€ enﬂineer had
]

to lay out hi
¢ 18 WOrks t R
All this was now ch'u?a adccord with the views of the i
' . - ; gen-captalns.
Tolve.d by tying her se:e. . lhe. question of the shi :S‘e L“cflpf LIIT\‘
rer into a quiet dock surely against a quay-wall : ps st ety V.Vd,a
days instead of Weck ; and her stay in PO”< or jetty, or takm%
clance 5t o eks or months . . was now a matter 0
seemed a par 8. Besides whicl i
vessels were paradox, it was e though at 5%
a8 enasily b s an indi : e .
asily handled as small oneip.ut(;ble fact t}&ag lmgle
s : they responde with

Fl'g‘ 7
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more ¢ .
ertaint
y to the
mov
ements of their engines and rudders, a8
i

on account,
of thei
m ir gres
N :(;Iements and windfrea'; lllnzxs:S, they were less disturbe 4 by wave
anchgi:;;:bly also ten;led t: L‘Ehtemge customs in the eu,st,Zrn seas
was courage th o .
tow L a commerci g e assumption th t safe
itv:virl(xllsd i Hod Madr?rlljll é) ort, whereas it w;fs (;Irlxl}’ in: step
still, wit} $ barbour remain .
\ a 1 . ained .
been only an unch;l Z range inside of 2 feet 7 iunllmuc;ed o tge}feaz
rage ; ¢ , nches downwar av
wnd although lighterage could be cond’ucted
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lat Top Island, an

—as it
was
as on the Queensland coast under F
\ge, it would

off (4
1shorn

e .
never hav (Ln the Neow Zealand coast—In such a rar
ave e .
berth vessel cen pmctlcable, or at all events convenient, t0

D 8 8 R . . . . . .
1t quays or jetties 10 such circumstances. Aguin,

littor
. al  dri
its tel'r()r:lff’ that bugbear of the harbour-engineers had lost
s since the introduction of suction dredging; indeed, as
th Island of New Zealand

at Timay

(Fig, ;;I“ (()ln the east coast of the Sou

ing hm(’lizcl.at Madras, it had almost become peneficial by assist-

the port, T ‘Lm“:“()n in such places a8 to form valaable adjuncts to
) he 550,000 tons of sand referred to would not now be

consid
eI'ed a seri . . N .

gerious item In connection with a harbour whose
orking one modern

reven
dredg:f ‘V?S sufficient to bear the cost of w
had had con Lyttelton, for instance (Fig- 8) where Mr. Williams
necessary t:m‘Ol of the harbour for the past 9 years, it had been
entrance-cha, remove annually 350,000 tons of soft clay from the
deposit 00111‘ 1n ;jel’ where there was no apparent qrift; and the
clay bOtt()m( fe accounted for only by the Supposition that the soft
ally settlod 0 the harbour was stirred up by the waves and natur-
effect, Ty t'lln the deeply-(lredged portions where they had less
bucket, dre:](: lately this deposit had been removed by a Lopper-
as the Chnnnb?r of 850 tO'Ils hopper-cn,pncity dumping the spoil; butb
to work her ol wan 1% mile in length, it took the dredger 18 months
there was ; lway from one end to the other, and the result was thab
25 or 26 ‘fe‘ltways a depth of 30 feeb ot one end of the channel and
by a dvae : at the other. The channel was now being maintained
of Renfi?ewucmon‘dl‘edger built by Messrs- Simons and Companys
Mr. Willia ’ ‘fron} an outline design and specification prepared Iby
1,120 ton; mfb' This vessel dredged while under Ways and carried
after g ettlleo a mixture of clay and water in her hoppers, the clay
She made fn'ent representing 60 to 70 per cent. of the total bul};.
leavin g “m‘ complete trips in & day, the average time occupied 11
hoppers gtle‘ w'harf, steaming to the dredging—ground, ﬁllling her
from th’(; Ie aming ba.c.k to the wharf, and pumping the spoil ashore
while spe ,“;Ppers,‘bemg 1 hour and 20 minutes Such a dredgers
be modipﬁ::la ly designed in this case for dealing With coft clay, could
had had 80 as tjo be equally successful in dealing with s:and. e
tion withnt(;‘ experience in eastern ports, s in connec-
but it wo 1; SUez' Canal, the only one he had visite
labour of l:;h be difficult to convince him that, even e
berthin e East, any system of lightering could be as c.aﬂlc.lent as
the Papi::isels at- quays or jetties; and there were indications i1t
Pronounced at th}s was being recognized at Madras, as there was a
A move in the direction of providing quays. 1Ie did not,

d My, Willian
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ms 3 satisfacti .

nade of the area of sand g0 Abisfaction with, the use that had been

harbour, T, dock ¢ accumulated to windward of the original
ere mj -

Hent, as it appeared t, lt; might be in the f uture a souree of embarrass

0 him to be § y e

1 the way of ¢} ici
1ie most efficient use

’
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arbour. ()
- Quay-walle '
as Madrag harboyy Iilu : s surrounding a Larbour or open dock, such

st ng X 3 s
oW be considered, were neither the most

€conomica)

L nor the

i most effje;

wnd they hyq One Very go 1elent way of providing accommodation,
oS defect, namely, that if there was any

Wuve.nlo
Vement, {y
1t ,
10 hmbour, vessels lav ; I
S lay very uneasily at such

109

Progeg:
eding, .
el EQUIPMENT OF MADRAS HARBOUR.

br
eath .
SUWOor ar . . ) ,
k wharves, moving inwards and outwards, to the great Mr. Wi

e g
tﬁnzlr;li;];cllt of those conducting loading- or disch:u‘ging-oper:'t-
2t theip b‘?.“ there‘ was any wzwe-moveme.nt'vessels sh(?uld lie
towarqs the“ths with I‘)ows or sterns .pomtl.ng uppxiommntely
Incheg fore ‘entl‘ﬂlllce. They would thus lie easily, moving & fev‘v
Seriey of and aft. If. Madf‘ns bal:bour were supplied with o
ways in j‘:t‘t.)"whnrvefx with I'zulway—]u.les, transit-sheds, and _cart-
Ang Wou} ;w"d«‘mce with modf.arn Rmctlce elsewhere, the reclum.led
railwayJi,(hPe the r.mturfml s1t,ua.tlon.for stores and m;u‘sha'lhnﬁ'
dock “wrlﬁs, and it might be demmble? to fill up the. sma

*re.  The engineering difticulties in connection with the

Fig. 9.
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Y
H

i 4L .“ é
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ik I’“,Scale‘ linch=8 Miles o mise

adosmg} of the old entrance and the opening of the new one
appeared to have been overcome satisfactorily, and without Personal
“Uaintance with the harbour and the seas to be withstood, it woul'd
ae Presumptuous to eriticize the question of the costs. However, if

19-foot, wave was the largest to be dealt with, the cost of the
e;‘:::( Waters seemed high, because at Napier (Fig. 9), on the') .ezft
Wag tOf the North Island of New Zealand, where the wave-amol e?
in thha? of the unrestricted rollers raised by south-easter{y gaoeb
fou de 5.0 uthern Pacific Ocean, an eflicient breakwater (Fig. 1 )
bl nded in 30 feet at low water and constructed of 30-ton concrete
°cks on a rubble mound, protected by a wave-breaker of 30-ton
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conerete blocks on the seaward side, was costing only £70 per
lineal foot. On the whole, while he congratulated those eoncerned

on the success of the Madras works exeented so far, he could not

]"/jj. 0,
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forbear to express the opinion that much vemuined to be done
before the harbour conld be considered efficient.

Mro I J. Winsox, as an old friend of Madreas harbour, whose
professional conneetion with it in one capacity or another had
aggregated about 10 years hetween 1891 and 1905, was much
interested in the successful progress vecorded in the Papers. The
harbour, for which at one time few had a good word to say, had so
far developed that Sir Franeis Spring was now ahle to describe it
as one of the most efficient harbours in the Mast,  This efficiency
was due largely to the shore facilities and other accommodation
provided, and in some measure to the closing of the eastern entrance,
which secured calimer water in the 196 acves of anchorage enclosed

by the breakwaters. One ship-wharf had been constructed, and

another quay was under construction, but it was still necessary to

recommend commanders of vessels to go out to sea on the approach

of a severe storm, Doubtless thix would continue to be the case

until ships conll le alongside quaysin a basin of moderate width.
Tt was the question of the merits of, or the need for, basin-quays at

Madras which lay at the root of much of the discussion which took
place in the ninetios. 1 Madeas requived shelteved quays, then by
constrneting themw in basin form in the south acerction, the need
for still water in the harbour then existing became of less moment,

and it only remained to deal with the question of shallowing at the
eagtern entrance. At that time there seemed to be a possibility of

dealing with the matter by dredging, and the question whether
outer works would he necessary in conneetion with this shallowing,
and, if so, what form they should take, was somewhat uncertain
until the effectsof dredging hnd been sevionsly tried with up-to-date

Proceedings. ) FQUIPMENT OF MADRAS HARBOUR, 111

plant.

port was absolutely lucking in the most elementary forms of harbour-
equipment, as might be judged from the descriptions in Sir Francis
Spring’s Paper.  The nced for a properly organized scheme, taking
account of levels and future developments, was wrgent, and the
first point requiring decision was the form such developments
should take. Mr. Wilson was the local Consulting Engineer
to the harbour at the time, und, following the view expressed
by Sir Alexander Rendel in 1889——that the harbour as it then was
should be regarded merely as a satisfactory entrance to an inner
harbour yet to be designed—he submitted in 1898 proposals for a
17-acre basin in the south accretion, to which the main body of the
harbour-trafiic would ultimately have been transferred. The alter-
native was to be content with a boat-basin and to develop the
harbour-area much as was now being done. The basiu proposal was
carried by a small majority, which was not considered sutlicient on
50 tmportant o question.  Sir Alexander Rendel therefore supported
the proposal to make a ship-basin, though in a somewhat different
form frow that projected, and he also proposed outer works to carry
the harbour-entrance farther east, should this become necessary.
In February, 1902, when Mr, Wilson was at home on furlough, the
Madras Government again addressed the Secretary of State for
India, putting forward two proposals dealing with the harbour-
entrance ; and these being referred to the committee of that year
(Admiral Bir George Nares, Sir William Matthews and Sir Charles

Hartley), the recommendation was made in favour of the north-

east entrance. This recommendation having been accepted by the

Madras Government and by the Harbour Board, he was appointed,
in 1903, to prepare the designs and estimates, and to carry out
the works giving effect to them. His designs and estimates,
including a 7-year programme of work, were sanctioned, and the
works were started in 1904 ; but towards the enhd of 1905, after
having organized the undertaking and completed all preliminary
works, including the opening of quarries, the construction of a new
block-ground, offices, and buildings, and starting block-construction,
he left the works, now so satisfactorily completed, to take up the
appointinent of Chief Engineerin the Public Works Department.
The credit for getting the entrance changed, assigned to him by Sir
Francis Spring, should properly have been given to Mr. De Winton,
who was the Chief KEngineer and Secretary to Government, Public
Works Department, at the time the matter was referred to the
Committee of 1902, and was always a strong advoeate of such an
entrance. My, Wilson’s shave in that part of the improvements was

On the other hand, there was no doubt whatever that the Mr. Wilson,
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the internal works antl ho}"le“'h‘"‘t overshadowed for the time being
always attached great o futwre development, to whic-h he had
decision illVolve; L rl.lnl)t(?rt;”‘c% but Le did not take it that the
§ ) a rejection of *ulti : <
form, such as he proposed i ultimate development in basin
reasonable to expect a in 1898. e had never believed it
any for Ve
ocean, on a coast %u}'} form of mere entrance from the open
st sub . -he ope
enable the present 1Je?t to severe storms, to be sufticient t0
o : harbour t : ’
equipped in o be mad ‘
ner hay ade use of as a propet]

world were considexl:iur. If the plans of the best lnrbom'ls' 0} th};
form of an outer h,u{)metlnng would generally be found in the
avtific . arbour—whi . J
avtifici: . whi .
. tlﬁﬁll(‘lrm direct communicati ch wight be either natural 0"
inner harbour 1 . ation with tl

d rin which th . e ocean, and then an
for shipping i e suflicient, sti ’ .

; hipping in all weathers was t stillness of water and security
his plans for the new ent was beyond question. In drawing out
w1 ] wr entrance-works . . " < o
’f'”l“ ay-access, positions of nge "l‘)()l]{b, which involved questions ©
ence . 8 ew buildi . .

nul,d off an area for a future llld}ng“y ete., he had set aside and
50 T - ’ as i .

uthward,  Now that the wasin, with room for extensions
accomplished fact, it er ”61 north-cast entrance had become an

Y wbled meas > ’ v
asures to be t ;
aken to make use of

the pl-e.
sent harbour .
arbour-area for a certai
wharfage ; but he had L 1t0l a certain awmount of ship-quayage and
ment had to take place t? ways felt that however slowly Jevelop-
be works that, WOuh‘l e, 111‘3 ultimate aim to be kept in mind <hould
. nable shins . 5
Uays - ships to R - !
fuays, with ample area for s lp , lie alongside properly aheltered
and such that it would sheds and other equipment behind them,
oceurrence of . stor m’: be necessary for ships to go to sea on the
: m.  Shi ] sto g -
open water with a fe‘rcl,) ]1;[):(111&375 in the present harbour, facing
the ‘influence of oge_‘m‘ ‘ of 3,000 feet or more, quite apart from
although it mi swell, were not in an ideal Hion
W might be clai an ideal position; an
and therefore more suit aimed that they were more s ccensibles
. Sy . B
aud that oceasions wl wle for a port of call, than basin quays
being used would sel dle“ the weather would not permit of their
during really badA om oceur, they would not serve for Jelter
wex . 5 §
the case was to son‘wthel- The mere knowledge that this Wa°
) S l { < by v
commeon enough forf ‘;A\tent a bar to their ut?lity for it Was
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following, and a storm-warning to be iy 1 oub a storm
s O precantions order given without a 8 0
vexatious. The soutl ordered to meet such pl’edictionq were
3 south el . R . ¢
mlte for the constl-\wtionacfclel'gloln in Madras formed a favourable
ultim of sheltere L .
M (Ltildevelopnlent in this dire t-d basins, and he would look for
r, ITCHE . b ection.
A ! LL, 1L reply, s
gauging the test bri(u'lt"]), statod that fresh water was used foF
1 r Ay fe
by the dry process irﬁ ettes.  The local cement was m-muf-wtured
rotary plant supplied by Messrs. Smidth
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and Q
ompy;
ong and %l?y ’ 9f Copenhagen, the cylinder of which was 72 feet Mr, Mitchell
urning theeet- in diameter. The calorific value of the fuel used in
Bnalygis was fﬁnkel‘ was 6,380 calories per pound, and its average

— pycn

As\hcd carbon (by difference) .« - 0 iggg

100°00

The fOllo . R
made 44 .‘V“'g detailed tests were submitted a8 typical of those
of ascertain what varintion occurred in the tensile strength
the time when

brigu
ey ‘:] e:’:ies when different periods elapsed between
> taken from water and the time when they were tested.

A Tensile Strength of Briguettes taken froma Water:
e of 1 e e T -
Brig o LInch by 1-Inct
Juettes when Tesled), 3 2 5
3 Hours 6 Honrs 10 Hours | 24 Honrs
~— hefore hefore . ‘hef('u'e !wfqrc
—— ‘ Testing. Testing- Testing. Testing.
—— e e —— — e —— e e s
- [ Lhs. per Lhs per Lbs. per Lbs. per L};s. per
? Day. \ Sq. In. §q. In. S, In. $q. In. 8q. In.
ys .o, . . o 576 610 135 450
l{ 675 625 550 415 390
Aver e——-——:__—____-‘._____— B —
~—. e - - - 670 goo - 899 } 425 420
28 D, - —_— e _ _ ‘ -
Pays | [ 720 gro | 670 i 550
vooTeo L T gso | P90 520
A [ - ‘__,_,__—-‘_,_—_,.,—-‘__’_,,—
verage . . . iz, 130 665 | 630 | B30
| : l
L
Th
e te i
m i - . -
perature of the water 1 which the briquettes were kept

Varie

air 0(111 }':gtween 78 and 84° F. The minimum temperature of the

86° e day on which the 7-day briquettes Wwere exposed was
- and on the day on which the 08-day briquettes were taken

on

xre;u(ikft(jmt&r, S.)OO F. The following premutions were taken t0
2 t0 4 minimum the chances of error in manipulation :—

(1) The same gauger was employed throughout the progress of

©) Ant.he works (6 years).

(3 results were the average 0
) No two consecutively—made br

the same test.

f two or more tests.

were ever used for

iquettes

first, fifth and
he second,
that

If
welve T
elve briguettes were required for four tests, the
the first test, ¥

nintl .

1

sixth ;n order of making were taken for

[TH. nd tenth for the second, and 0 Of- He was of opinion
E INST, C.E. VOL. CXC.] i
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Sir Francis S
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NCIs Sp - :
SPRING, 1n reply, thought Mr. R
. 8 r. Reid Bell might

Spring.

be interested
Presidency, Wittoh }}if‘tr that, around the se:
Madras, sixteen its 30 millions of peo"i‘;-coa*t of the Madras
?lnmral state»»deall)?lrts (_)f sorts—most, of} t,hothere worer, beSid?S
in a year, of which ig ,‘,\lth a registered tonn'l;:n ;;'S yet o sheir
mostly of 200 tons eih than 6 per cent, C()ns‘i:;f 1() 8’00.0.’000 tons
ports was about 3()6 SSOI?SS' The Pﬂ.%‘sengm-;f;.;;- of sailing Cljuft’
exports 20 mi]lionq7 st in & year, and the Qullfé ¢f3 o t:;hcso minor
about the design (;f bt,}er]lng' With vegard £( ]V(; b 1I,npor.t§ z'md
'hreakWatm‘ was oub th e br'eak\vuters, \?‘hen t;] 1" Be}l $ CrLbiCINT
1t was proved c;)ncl IF.011gh for the formation (; 600 lineal fect of
whether underlyin ;Lmvely that in 30 ye'u-go the new entrance,
nor had it been g the wave-breakers or els('e\‘ 'ht}1e granite rubbles
steamers out of th%r:;:n‘d smaller or g]obtila; er;, bad not moved
serew-Jetty lne-,ntim)w-rloasandS that had used ;,} I'Obal?ly mob $6%
alongside that i(*trt hy Mr. Carey was (l-x- . -fm port ¥noe the 0].(1
whilst the valuc'oé gk’l even if it had (-xton“(l:il ":d’ Ufm]d have lvn
e cargo dropped bct\\"eén it';r:l(‘lﬂl(') f:t to se];:i,
1ghters wou

-

119

Proceeding!_ ] )
. EQUIPMENT OF MADRAS [ARBOUR.

ng for the modern

probab]
Y have gone a long way towards payl
ents were evidently

ha,rb

our,

Obsesseq er' Carey and some other correspond

Steamerg t{) tlh“ belief that it was quite 2 common thing for
jave to run to sea on the occurrence of bad

We&th
er. Sir Franci
ir Francis knew of eight vessels which had done this in
o a decade would

the |
ast 8 years
e a faip Zs‘““’ and probably eight or ten vessels 1
average, With regard to Mr. Dyce Cay’s remarks, the
had always settled—

sucCes.-' i
that V:;Zels‘ectlons of the Madras breakwaters
xactly 2’ f}:((‘lt I)_""SSGd their rubble into the underlying gand—al
ho Settlemeﬁt Im the first year, whereas after that time pmctica.lly
020 or 30 ye: a5 ever been observed, though constantly sought for,
Tound the cg’ ears. The depthin the fairway, sel turning
at low w%ermer first entered the smooth water;
dist&nce of , and, on, her starboard side as she en
ndoubtedlsog to 1,000 feet between her and t
uter or Je y, towards the end, it was becoming risky for
Swell ; byt '”t"e by the old entrance (now closed) in a very heavy
if dangey %;e could always be arranged to handle them ab high water
Ormep (l:;ysmf  to be ln'dic:xted. Moorings used to be serewed In
< Inst, ¢ E’ )};t’ following an in}fention of Mr. A. L. Pogson,

e serews \.'Ve; “‘ 10 was harbour-engineer 2t Madras for many years
Water-jettin ‘_B‘LlW«‘LyS water-jetted, for removal or replncen.lent. This
Power, and ig, 1‘n the Madras sand, in no Way dimilllis.hed their holding-
chain’g breakr'l any event the pull on them was ll.mlted to the buoy-
So far as iy m“g-strength. Sixty tons made Do impression o1t them.
Jetties and o was possible to observe the waves o¥1 t}}e piles of 'the
Was not, so Il‘ the walls of the harbours the reduction 11t wave-}xexgllt
entrance af (;eut as was anticipated by Mr. Parkes with 2 550-foot
Teferred to b a 200-acre harbour- The two re-entmnt' pockets
filled by tl y Mr. Larminie did not exist the angles having been
lorming 16 wave-breakers. The situation of the structure (now
In the dege quay ) used for the cl n was P
tajssons, a ription of the sinking t of t’:he two sk
around ) ild had been governed igenctes of curv
Inside “i.ll'(: h the titan cranes ™ ‘ Moreover, its
new <1uI:) Lomtl?n gave room for a longer ship to lie alongside the
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8ir Francis of the “timber pond” on the sand aceretion there stretehed a couple

Spring.

of miles of what was known as the “military zone,” which was
nearly as inviolable as a London engincer would find the precinets
of Westminster Abbey to be.  The Indian military nuthorities still
maintained a historic but obsolete fort on the land behind the
accreted strip in question, and so long as this was considered necessary
by these authovities—who doubtless had adequate reasons, financial
and other, for not being able or for not heing willing to move—a
belt of land must, they said, be maintained intact around it, and
they were very jealous of any infringement thercon. Had it not
been for this disability, the entire railway system of the harbour
might have developed on better lines. It so happened, however,
that only a very small portion of the imports, except coal, went
away direct Ly rail, and also that very little of the exports arrived
by rail for direct shipment. Both must, for the most part, go
first into the town, there to be stored, nuanipulated, marked,
ete, and no delay was due at present to defeets in the har-
bour railway scheme—defects patent enough to him, and in
gradual process of correction as funds became available, The
remarks which he had made on the subject of wind-protection
in his reply to the oral discussion, and also (the late)
Mr. F. E. Robertson’s apt remarks about cyclones, would serve
for reply to Mr. Adum Scott’s and other correspondents’ questions
on the subject of shelter from wind. Targe vessels moored
close alongside solid quays in narrow basins, especially if sereened
by high sheds, were of course better able to stand up through
severe wind-storms than if they were moored or (uayed in an open
harbour. But from the first and always at Madras it had been a
question of money, and of not placing too heavy a burden, in the
form of dues, on goods and vessels using the port, which still
suffered severely from competition with some of the sixteen smaller
ports in the Presidency. These, having spent no capital to speak of,
were ahle to offer cheaper facilities than Madras did, and under
conditions quite good enough for at least most raw materials.
Critics acquainted only with white men’s countries could with
difficulty realize how easily, smoothly, and cheaply work often got
done in the East in the absence of what in the West would be
looked on as essential equipment: and who was to say that one
system was better than the other ? He had been amused to see the
puzzlement of an Australian timber-merchant at the sight of
hundreds of enormous squares of timber being handled deftly by a
swarm of little naked brown men, instead of needing, as in' Australia,
several hundred pounds’ worth of equipment in cranes, teams,
wagons, and sidings,  The one and only true test in the long run
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was the commercial test, “Does it pay?” If the Madras Port ‘%Lx Frglncxs
t I,

Authority could be sure of raising as much money as it needed a
4 per cent. it would probably do so, and get on quicker to the
desired state of efliciency, trusting to the slow but sure growth of
its trade to enable it to provide for ith sinking-funds without having
to impose such dues as were certain to drive its trade to cheaper
rival ports. Mr. Cyrus Williams’s remarks as to the altered aims of
the shipmaster of to-day as compared with those of his fellows of
8 generation ago, were very much to the point, and ought to
enlighten those who asked with undue persistence for unattainable
shelter from winds. Mr. Williams referred also aptly to a suction
dredger carrying out to sea a mixture of clay and water in her
hoppers, instead of waiting for it to settle. Recently abt a place
near the outer arm at Madras a mass of fine deposit bad accumu-
lated—that was, deposit fine enough to be carried in suspension
by the feeble local currents, instead of being wave-beaten like the
heavier sand. Messrs. Simons and Company’s dredger « Madras
worked for some weeks in this way, not waiting for the slurry to
settle in her loppers, but carrying out to sea a pea-soup kind of
mixture several times a day, with excellent results. Referring
to Mr. Wilson’s comments, the ideal of an inner harbour for
steamers was, of course, the right one. What more than all else had
prevented its realization was first the attitude taken up by the
military authorities in setting a higher value on such strategic
considerations as attached to a fort entirely useless for all the

“purposes of a fort, as nowadays understood, than on the reguire-

ments of a steadily developing commereial seaport. This effectively,
for the present, prevented all expansion in the only possible
direction, namely, southward. But if at any future time Fort
St. George were relegated to the melancholy limbo where the ghosts
of bows, arrows, and catapults were to be found, and if at the same
time an at present unattainable half-million or one million sterling
became available to the Port Authority, it would be found that
nothing had been done meanwhile to prejudice the question of deep-
basin construction and more suitable railway-arrangements on the
sonth accretion. For the advantage of the reinforced-concrete
wharfing around the boat-basin was that it was capable of being
lifted up, practically uninjured, for use elsewhere, so there was nothing
to prevent the sinking of deep well foundations for the walls of a
future inner harbour. If, however, he had waited for all this,
instead of hammering away continually at the provision of every
possible facility for the better handling of the trade of the port,
everything would to-day be precisely as if, stood 8 years ago. But
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