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iece-work system. It was with some difficulty that this was esta-
Klished as a rule; but by degrees opposition was overcome, and
the earthwork, masonry, and ballasting, were let to small gangs,
with considerable advantage to the Company, while the labourer
himself, excited to more vigorous and diligent exertion, earned
higher wages than by the day-work system.
he fo]lowin% are the average prices paid for earth and rock
work along the line :—

Alluvial carth excavated from side trenches and ) 10 annas per 100 cubic
placed in embankment, the average distance feet, or 4:09 pence
of conveying it being 22 yards . . . per cubic yard.
12 annas per 100 feet,
Firmly set gravel, or soft shaly material . or 4°9 pence per
L cubic yard.
Bolc):lkwqu requiring bars, but no powder for } 1e. 9. per cubic yard.
Hard rock requiring blasting,—the powder, )
00d.rilht. and other tools being found by the } 2s. 0Od. ,, »
mpany . . . . . . .
Ballast, consisting of small stones, or gravel,
gathered in the neighbouring jungle, selected } 1s. 0d. ,, "
and placed in situ . . . . .
Ballast of broken stone . . . . . la10d. ,, "

The total quantities of the different classes of work executed
upon the line, and the average cost of each kind, inclusive of the

cost of the provisional staff of superintendents, but exclusive of

%a{;ﬂof the permanent Engineering staff, are given in the following
able :—

Description of Work. Quantity. | Average Cost.
EARTHWORK. , Ls d
gnllzanlnnenlt: <+ + « +« . . . .cubicyds (1,831,916 0 011}
uttings (a large portion consisting of rock
of different degrees of htu-v.lnetas)g .o } * 452,705 10 1 6
Diversion of m‘g-e and streames . . . . ,, 212,582 | 0 0 8}
Ballasting . T 408,596 | 0 1 6
Pitchingslopes . . . . . . . . . sup. yds. 1,745 {0 2 0
PERMANENT Wav,
Leading and laying. . . . . . . .linealyds | 193,600 (0 6 O
FENCE WALLING . 838,700 (0 8 0
MASONRY.
Conmerete . . . . . . . . . . . cubicyds.| 10,756 |0 4 6
Dry rubble . e e, 2,526|0 3 0
Common ditto . . . . . . ., . | . 17,434 1012 0
Coursed ditto, with rubble backing . . . ,, 3521015 0
Coursed ditto . . . . . . . . . ,, 82,550 |1 0 0
Blockincourse . . . . . . . , . .y 15,192 | 111 6
Aghlar . . . ., . . cubio feet 87,806 | 0 1 T}

The geological character of the district traversed by the Scinde
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Railway demands a few remarks. The aspect of the country gene-
rally is barren in the extreme, but in some places there is sufficient
soil to repay cultivation.  Situated in what is termed the rainless
zone, the average quantity of rain is very small. The annual rain-
fall from 1855 to 1860 is given in thel;‘}(;llowing Table .—

RAIN MEeAsCRED at the OmsErvaTORY of the EvroPEAN HosPITAL, KURRACHEE,
from the 1st September, 1855, to the 31st August, 1860.

: o

Bl | E5 sl n
Yer | B | X |8 2 | 5 E = < ] Total.

,,s;ﬂ.ca E,z'ig-bg

2|8 |= [ 3] < <2151 5]|<

— | = |—— = ———|—
1855 !o-15o~oo!o-ooo-oo' Ll ers
1856 ;0'00|0'000‘00|0'001‘62 0:590-000-000-000-040-110-25 2-61 é
1857 .0'380'000'000'000'41l'13:0'000'000'000'000‘294'34 6°55) g ?
1858 ,0'57.0'00!0'00(0‘270'000'000'0010'000'000'034'940'09 5:90)® &
1859 '1:080+00,0:020-200+000-00,0°020°000-000:004:900-00 622 "‘:,
1860 |0'00|0'000'000'001'09|0'00'0'00i0'00|1'22|0'000'00'0'52' 2-83
Kurrachee, 31st August, 1860. Signed C. RICHTERN,
¢ ) Observer.

The rain is looked for about the 20th of July. Except during
the rainy season, the river beds are dry, but in them water can
generally be obtained, by sinking to depths varying from 5 feet to
30 feet. All the water procured from these wells is, however, more
or less saline. The following analysis of several samples was made
at the Government laboratory, Bombay, and will show to what
extent this property prevails:—

TasLE 1.
The Numbers indicate parts in 10,000 of Water.
A B c D E F
Specifio gravity . . 1000-72 [1000-54 (1000-44 1000-75 100110 (1000-69
Carbonate of lime . | 1-160 | 1-328 | 1-252 | 1-720 | 1-011 | 1-136
..  magnesia | -908 | 757 | -621| -247 | 1-151| 1120
Lime’’ . .. .| -241| -338| -161| -611| -257| -289
Mognesia . . . .| -210| -113| -187| -269| -087| 135
Chlorine . . . . f{ 225} 1508 | 1781 | 2-281 { T-5a) 2180
Chloride of sodium . | 4°445 | 2-485 | 2-185 | Not tried. | Not tried. | Not tried.
Silica & oxide of iron | 100 | 810 | 386 | 756 | Not tried. | Not tried.
Sulphuricacid . .| -334| -601| <479 | 851 | <741 | -896
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TaBLE 2,
Sovp CoNsTTTUENTS IN WATER marked B, in 10,000 parts.
Chloride of sodium . . 2-485
Sulphate of lime . . 809
Chloride of magnesium . . . . 115
Sulphate of magnesia . .. 188
Carbonate of lime . . 1-328
v magnesia . 757
Silioa and oxide of iron . . . . . 810
Total . 5-992
Total solids by evaporation .  5°490
TaBLE 8,
Waress AT KURRACREE, (selocted).
21 22 23 24 25
e Bund
the er
Gampwater, Well
Bed of | Company’s mgg the Bm:lner Well in
Lysree | well, near | Megery | Rood, near | the Rutton
River. |(Government| warwick Muchee Tank,
Gardens. |gnd Waller's] Meanee.
pramnises.
H H H H H
mDnte of Collection . |June, 1859!June, 1859 June, 1859 June, 1859:June, 1839
Specific gravity at 60° Fah.| 1000°4 | 1000*9 | 1006:6" | 1037°8 | 1001-4
Chloride of sodium . . 233 8:12 58:20 | 423-75 9-41
magnesium . . — —_ — —
:: caloium . . 66 — — — -
Sulphate of soda . . . -_ 78 4-84 43-78 2-02
’s magnesia — +05 6-61 76-85 02
vy lime. . . 53 69 -44 1204 45
Nitrate of magnesia . . - — — -_ -
.s lime . . . — _ —_ —_ — .
Carbonate of magnesia . ‘04 88 1-09 2-91 95
Y lime . . *55 *96 287 237 126
Silica . . . . . . (X) (X) (X) (X) (X)
Organic matter in solution —_ —_ — -_ —_
s +» suspended —_ — —_ — —
Total solids. . . 415 10-98 7805 | 561°65 14-11
Gaseous contents . — — — —_ —

Samples Nos. 21 to 25 were selected from nineteen specimens

taken

om all the wells and tanks in use at Kurrachee.

The

difference in the quality of the water is extreme. Nos. 21, 22, and
In No. 23 salt is present in enor-

25 are fair drinkable waters.



SCINDE RAILWAY. 461

mous quantity, the water being a strong brine, twice as salt as sea
water. The purest water was obtained from the River Indus at
Kotree, and from wells in the bed of the Mulleer.

In the neighbourhood of Kurrachee, the principal features of the
country are low hills, varying from 150 feet to 200 feet in height,
and consisting of a coarse-grained arenaceous rock, of a dirty yel-
low colour, abounding with fossils. Most of these hills are capped
with conglomerate, more or less disintegrated on the surface, the

bbles composing it being water-worn, and the majority derived
?re;)m the nummulitic limestone of the Halla range of hills, which
extend from Cape Monge, in a north-easterly direction, to the west
of Mithun-Kote on the Indus. All the hills lying north of the
Indus to the foot of the Halla range, of which they are spurs,
exhibit the effect of considerable volcanic disturbance, and the
drainage of the country passes through the fissures thus formed.
One of the most remarkable of these is at Dhurwat, where, during
the rains, the water of the Bahrun occasionally rises 70 feet, rush-
ing through the pass with overwhelming force. The Kheytriani
hills are composed of pale arenaceous limestone, containing but
few nummulites. This rock is easily worked, and is an admirable
building stone, hardening with exposure. It was from quarries
opened in this neighbourhood, that most of the stone was obtained
for the masonry of the central district of the lme. Near the
Rhodh River there are many small hills, of conical shape, com-
posed of calcined clays of various colours, and also large collections
of nodular masses of flint. In the aluminous clay beds, veins of
foliated gypsum abound. 1In the plains lying between these hills
the soil 18 alluvial, and in many i;:mee it is covered with boulders
of nummulitic limestone and conglomerate. The following Table,
taken from a letter addressed to Sir R. I. Murchison by Captain
N. Vicary, of the Hon. East India Company’s service,' will serve
to give a general idea of the relative position of the formations
existing in Scinde :—

1. Conglomerate. 7. Pale arenaceous limestone,
2. Clays and sandstone. with Hypponyces, Nummu-
3. Upper bone-bed, lites, and Charoidese.
4. SBandstone; fossils rare. 8. Nummulitic limestone of the
5. Lower bone-bed. Halla Range.
6. Coarse arenaceo-calcareons rock 9. Black slates, thickness un-
with ea exoleta and exa- known,
i‘a& ; Spatangi; no Nummu-
i

The fact that indications of considerable volcanic disturbance

! Vide “The Quarterly Journal of the Geological Society of London.” Vol. iii.
p- 835. London, 1847.
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are visible among the ranges of hills lying to the north-east of
the line of railway has been already notu At 3 o’clock in the
morning of Tuesday the 9th of April, 1861, a rather smart shock
of an earthquake was felt at Kurrachee, and at several places
along the line, which occasioned some cracks in the walls of the
Author’s house in Kurrachee ; and those observed shortly after, in
some of the masonry of the bridges along the line, may be referred
to the same cause. It is, therefore, suggested that, to guard
against the consequences of such an event, hoop-iron bondings
ghould be introduced into the walls of future buildings. This
would be attended with but small extra cost, and it is submitted
that such a precaution on other lines of railway in India may not
be unadvisable. The natives of Scinde and Cutch possess legends
of the occurrence of violent earthquakes; and though there is no
authority for it, the utter prostration of the extensive buildings of
Brahminabad, 60 miles east of Hydrabad, may lead to the infer-
ence, that an earthquake completed the ruin of that once impor-
tant city.

The distance between Kurrachee and Kotree traversed by the
Scinde Railway is 108 miles 10 chains. Of this distance 32 miles
50 chains are level, and the remaining 75 miles 40 chains are on
inclines more or less favourable, 1 in 200 being the ruling gra-
dient, as will be seen by the following classified abstract of the

gradients : —

From ' To ' Length.
i Miles. Cbatns.
.1in 20| 10 27
1in200 :1,, 800! 22 83
1,,80 11, 400 15 €7
1,, 400 l 1,, 50! 5 5
1,,50 '1,, 600 3 48
1,,600 [1,, 700 6 63
1,,80 (1,, 900 3 10
1,,90 /1,,1,000 38 8
1,, 1,056 1 0
l1..1100] 2 81
"1,, 1,402 0 68
il ,» 1,760 1 0
Total length of gradients | 75 40

The total length of straight line being 74 miles 22 chains, the
length of the line on curves is, therefore, 33 miles 68 chains, the
sharpest curve having a radius of 43 chains for a distance of 76
chains, as will be scen by the following Table :—
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Radius from To radius Length.
Chatns, Chains, Miles. Chains,
43 7
57 100 9 15
115 200 22 50
240 820 1 7
Total length of curves . | 33 68

Considering the nature of the country traversed by the line,
these may be considered favourable features, and place it in a
good position for being worked at a moderate cost.

The earthworks generally are executed to accommodate a
single line of railway; but all the bridges, culverts, and stone
viaducts are constructed to carry a double line. In the cases of
the wrought-iron viaducts, the stone piers. are adapted to sup;]mrt
girders for a double way, while those required for a single line
alone are erected. The only portion of double line yet made, is
that between the workshops at Ghizree Junction and the terminus
at the Bunder Head, a distance of 3 miles 15 chains. In order
to accommodate the traffic coming to Kurrachee from the districts
called the Eastern Delta of the Indus, during the south-west mon-
soon, a short branch, 3} miles in length, has been constructed,
leavit:lgkthe main line near the workshops, and terminating in an
embankment and a timber pier at Ghizree, alongside which native
boats discharge their cargoes. The permanent way consists of the
ordinary double-headed rail, weighing 65 Ibs. ﬁr yard, fixed by
compressed wooden keys in chairs, each weighing 221bs. The
joints are fished in the usual way, the fish plates being secured by
four bolts, each 1inch in diameter. The whole is laid on transverse
wooden sleepers, at intervals of 3 feet, except at the joints, where
the sleepers are only 2 feet apart. The dimensions of the sleepers
are :—length, 10 feet; breadth, 10 inches; depth, 5 inches. A
large proportion of the sleepers is of red and white pine creosoted,
sent from England. To complete the requisite quantity, a con-
tract was entered into with a native me:jmnt at ore, for the
supply of sleepers of deodar timber, (Cedrus deodara,) which
grows upon the slopes of the Himalayas, where it attains great
size. Several logs sent down to Kotree for the use of the railway
measured 5 feet in diameter at the butt, and a calculation of the
taper upon the log gave a result of 150 feet as the height of the
tree. e trees are felled, and cross-cut into convenient lengths,
for rolling to the bottom of the ravines, on the banks of which they

ow. e private mark of each proprietor is cut on every log he

as felled. ese logs remain at the bottom of the ravines until
the rains, when they are carried by the torrents into the River
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Indus, where they are watched for, selected according to the
marks, rafted, and floated to their destination. This rough treat-
ment wastes much of the timber ; many of the logs are split, and
the ends of all are damaged ; while the shortness of the pieces,
which vary from 20 feet to 33 feet in length, diminishes their value.
Owing to the deficiency of rain in the season of 1859-60, only a
small quantity of this timber could be got down. The native
merchant thus failed to complete his contract; and a quantity of
Australian blue and white gum, and native red eyne sleepers was,
therefore, purchased. These were objectionable, on account of
their great weight, and the ease with which they were split by the
driving of the spikes. The respective cost of each, when delivered

in Kurrachee or Kotree, was :—
Delivered in  Delivered im

Kurrachee. Kotree.
s d. s d
Creosoted pine . . . . 8 11
Australian blue gam . . . 8 0
Eyne, a native timber . . 79 ..
Deodar . . . . . .. 6 0

The value of the deodar timber is becoming rapidly recognised,
and means will, doubtless, be adopted for supplying it in longer
lengths, and in greater quantities. When first cut it possesses a
verz'mstrong scent, which it retsins for some years; and to this
probably may be attributed its immunity from the ravages of the
white ant, which does not attack it until the timber has to a
great extent lost this scent. To protect the deodar sleepers from
these attacks, and before the Burnettising apparatus was received
from Engiand, they were steeped in a solution of sulphate of
copper. This proved to be an unfailing specific; but it
this serious objection, that iron mails or spikes driven into timber
thus pre are rapidly destroyed by the action of the sulphunc
acid. e result of the Author’s experience, with reference to the
important question of sleepers, is that pine sleepers, whether red
or white, imported from land ancip creosoted, are liable to
split and twist to a great extent, probably on account of the
extreme dryness of the climate. They also become very brittle,
the nature of the timber being destroyed. The creosoting
process only penetrates a certain distance from the surface of
the sleeper; and so long as the sleeper does mot split, the
creosote effectually protects it from the attacks of the ant, but
immediately a part of the interior becomes exposed, the ant
attacks it, and soon destroys the uncreosoted core of the sleeper.
Hitherto, the necessity for replacing sleepers has mainly arsen
from their giving way by splitting, rather than from any dam
by the attacks of the white ant, or from ordinary decay. The
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excellent ballast on the Scinde Railway, consisting chiefly of
broken stone or clean gravel, assists in preserving the sleepers
from the white ant. .

The cost of creosoting sleepers in India varies with the descrip-
tion of timber submitted to the operation. In 1854 Mr. Turnbull,
“Chief Engineer of the East Indian Line, gave the following sum-
mary of the details of the cost supplied in a former portion of his
Report! :—sil, 6d.; teak, 1s.; soondry, 1s. 53d.; and sissoo,
28. 13d. per sleeper. He further states, 1n the same Report, that
one thousand sleepers of fir wood, pre by Sir W. Burnett’s
process with chloride of zinc, were landed and stacked in Calcutta,
where they remained for two years. On being examined at the
end of this period, they were all found to be sound, and in as per-
fect a condition as when they were landed. This statement led
the Author to recommend the adoption of Sir W. Burnett’s pro-
cess, and a complete apparatus was shipped from England. ﬁ‘be
vesse] was, unfortunately, lost on the passage; and considerable
delay occurred in replacing the apparatus, so that the majority of
the deodar sleepers were submitted to the sulphate of copper pro-
cess. The cost of the Burnettising process at Kotree is 53d. per
sleeper, which contrasts favourably with the cost of creosoting.

e forests of Scinde consist chiefly of babool, a species of acacia,
of which there are two kinds, red and white, s0 named from the
respective colours of the heart wood. The former is by far the
more valuable of the two, as it is extremely hard, and resists the
attacks of the white ant. This timber is used by the natives for
the manufacture of carts and Persian wheels; but as it is very
crooked, it is not available for railway sl A few pieces of
timber were carefully selected, and accurately gauged to size, with
a view of testing their comparative strengths, but the exFeriment
was not carried out. When thoroughly seasoned, the following
comparative Table of the weights of each kind was obtained : —

Redeyne . . . . .  56}Ibs. per cubic foot.
Jarrah (Australian mahogany) .  52% ., ,, »
Common jungle teak R ”»
Moulmein teak . . .. 332 5 5 ”
Deodar . . . . . 31 ” 9 ”
Yellowpine . .© . . 24 , »

Neither eyne nor jarrah timber will float in sea water before
it is thoroughly dried. Red eyne is obtained from the forests of
Guzerat, and costs in log, delivered in Kurrachee, about 1s. 6d.
per cubic foot. It is not, however, very plentiful. As a pile it

! Vide “Selections from the Records of the Madras Government. Report of the
Railway Department for 1854, page 238.
[1862-63. N.8.] 2R
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drives remarkably well, hardly requiring either ringing or shoeing
in ordinary ground. It is reported to be impervious to the attacks
of the white ant; but of this the Author has no positive proof.
"The Moulmein, or Rangoon teak, judging from the quality of the
best the Railway Company could procure, is inferior to the southern,
or Malabar teak, which, however, is scarce and expensive. The
cost of Moulmein teak in log, delivered in Kurrachee, varies from
£15 to £18 perload. The jarrah is a fine Australian timber, and
is obtainable in logs of large scautling and length. If not well
seasoned before being submitted to the dry climate of Scinde, it
cracks and rends seriously, but not so if it 18 allowed to scason for
twelve months before being shipped. Its cost in Kurrachee is
about 1s. 6d. per cubic foot. The deodar timber, the qualities of
which have been before adverted to, costs at Kotree in log about
1s. 1d. per cubic foot.

The majority of the fencing used on the Scinde Railway consists
of a dry rubble-stone wall, having a coping of stones on edge, set
in mortar. Its height is 4 feet above the surface of the ground.
Its thickness at the bottom, just above the footings, is 1 foot
104 inches, and at the top 15 inches. Its average cost was 3s. per
lineal yard. . Along 15 miles of the line, between Jemedar-EZ—
Landi and Guggur, five-strand wire fencing was adopted, on
account of the distance of suitable stone, and the necessity for its
rapid completion. Its cost was 2s. 43d. per lineal yard. The cost
of maintenance of the wire-fencing is high, compared with that of
the stone wall.

At Kurrachee, the locomotive erecting and repairing shops are
built, at the junction of the Ghizree branch with the main line.
These works consist of a sawmill, smiths’, fitters’, heavy and light
tool shops, iron and brass foundries, with engine and carriage-
erecting shops, all furnished with the requisite machinery, and
with tools driven by engine power. Previous to the establishment
of these works, there existed no means, nearer than Bombay, for
the execution of the necessary repairs, or the construction of the
numerous articles required by a raill)::ay; and even Bombay offered
but few facilities, and those involving great expense. Hence the
necessity for pushing forward these works, whicgf in the formation
of the line, proved to be of great assistance in the manufacture of
plant, &. The organisation of these works, with a view to their
ultimate utility, and at the same time, with a due regard to
economy, formed an important consideration, and was surrounded
with many difficulties. }E) man these shops entirely with European
workmen would involve an enormous cost; it became necessary,
therefore, to call in native assistance, as far as practicable. The
Qutcl_1 carpenters and smiths, as has been before remarked, are
intelligent and excellent workmen ; but they were wedded to the
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use of their own rude tools, in their own fashion, involving great
delay in turning out work. Their usual method is to carry on all
operations while seated on the ground; and, in the case of the
carpenters, to make almost as much use of their toes as of their
fingers. It became, therefore, the duty of the English foreman to
induce them, first of all, to stand to their work, and then, to teach
them the use of European tools. This has been accomplished by
degrees, and the result has been most satisfactory. The carriages
now framed and erected at these shops, entirely by Cutch carpen-
ters, display workmanshig which would be a credit to the best
European manufactory. It is found necessary still to employ two
European smiths for heavy and important work.

To keep up a supply of European foremen, fitters, engine
erecters, and engine Xrivers, the system of taking apprentices in
the workshops has been adopted. The following E
were offered :—

eral terms

During 4 months’ preliminary trial, per mensem 4 rupees or 8s.

First year from date of indentures, ’ 30 , £3
&cond ” ”» ” 40 ” 4
Third EE) " ”» 50 ” 5
Fo“rth ” 2 »” 60 A1) 6
Fiﬁvh 11) » ”» 80 ” 8

In India there are many intelligent lads, sons of European sol-
diers and of men employed in various departments of the Govern-
ment service as clerks, &c., who are educated in the regimental
and Government schools: these lads and their parents are very
glad to avail themselves of the opening thus offered for learning a
trade, and obtaining substantial employment. By this arrange-
ment a staff of men, thoroughly acclimatised, is bem% educated in
all branches of railway mecianism, and without doubt great ad-
vantages will, in a few years, accrue therefrom.

The electric telegraph, with two lines of wires, is laid along the
Scinde Railway. The wires are carried upon posts of deodar timber,
fixed in cast-iron sockets. The block system of working the trains
is adopted. Needle-speaking instruments are used for conveying
the information required between the several stations and
ing-places. On the Continent of Europe there exists but little
difficulty in obtaining suitable and intelligent clerks for working
the telegra.ph signals; but in India the case is widely different.
There, for the sake of economy, the staff of telegraph clerks is
formed and recruited from the class of half-castes and more intel-
ligent natives, very often lads of fourteen or fifteen years of age.
It is true they have to pass a preliminary examination as to their
capabilities in writing and reading English; but the Author’s
experience of men who have pessef this examinatiog is, t2hat they

H
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are often deficient in the important point of understanding the
messages they transmit or receive. This becomes a more serious
matter when the signalman, a native, is trusting to the verbal
instructions he receives from the telegraph clerk, who, in several
instances on the Scinde Line, holds the combined offices of tele-
graph clerk and station master, a system which, for many obvious
reasons, is to be deprecated. Greater security would be obtained
by the se{mation of the train-signalling machine from the con-
versing telegraph, and also by the introduction of permanent train-
signals, which would speak to the eye, and could not be liable to
m:sinterﬁretation. Native clerks are too apt to occupy the speak-
ing-machine, and at the same time to amuse themselves with a con-
versation, to the exclusion or the delay of important messages.
~ In India, train-signalling stations, on which depend the proper
and safe working of the trains, are often in isolated situations, and
economy only allows the maintenance at each station of one signal-
ling-clerk, who may often be taken ill with fever, or otherwise be
rendered unable to perform his duties. The reduction of the train-
signalling to as simple a system as possible, and the training of all
icemen and inspectors in the use of the instrument for this pur-
pose, would be attended with much benefit.
The line of the Scinde Railway, as will be seen by the map,
Plate 12,) crosses the natural drainage of a great extent of country,
thus rendering necessary a large provision for waterway. The
rains in Scinde are very partial, and as there are no records of
rainfall which throw much light upon the subject, and no existing
bridges, a careful examination of old flood marks was the only
guide as to the requirements. Fixing the spans of the bridges at
the large rivers and nullabs was comparatively easy. It was in
crossing wide, flat plains, such as that at Pipr, that the question
was surrounded with difficulties. This plain is nearly% miles
wide. A certain number of culverts was originally built, and in
addition, large catch-water drains were cut, with a view of con-
ducting the rain water to the Guggur River, the natural and main
drain of the valley. In 1861, when the rain was very heavy for
about six hours in this locality, the drains were found insufficient
to off the water in the time, and the embankment of the rail-
way, which ponded up the water, was soon breached in many places.
To remedy this, it was considered a waste of money to erect more
culverts ; but the Flan was adopted of lowering the line to the sur-
face, laying it, in fact, in a ditci 16 feet wide and 2 feet deep, aust
large enough to receive the ballast, and allowing the water to flow
over the line. This plan was severely tested in the unusually
heavy rains of 1862, when the water passed over the rails to the
deprz, in some places, of 9 inches, without either damaﬁing the
e

line, or stopping the traffic. In districts like Scinde, where the
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rainfall is so partial, and of such short duration, but at the same
time so heavy, it is submitted that this mode of crossing a large,
flat plain is the safest and most economical.

e scarcity of pure water fit for use in the locomotive engines,
except at a few points, caused considerable trouble on the first
opening of the line. The watering stations are nine in number.
’lPlfe salts, which the water obtained at these stations held in solu-
tion, differed materially, and the consequence was, that if an
engine started from Kotree, and took in water at Jheem Peer, or
Joong Shaie, priming occurred to a serious extent; but this was
not the case if water was taken at the Bahrun. As the water at
these stations was considered fair drinking water, and as there was
nothing in the taste to induce the suspicion that they might not
be used indiscriminately for locomotive purposes, it would appear
desirable, that a careful analysis of the water obtainable along a
line of railway in India should be made at an early stage of the
operations. e Author has arranged that the waters used and
obtainable upon the Scinde Railway should be analysed, and when
combined with a report upon the effects produced in the locomotive
engine by mixing &c:am, some useful information will be obtained
for guidance in parallel cases. When completed, it shall be sub-
mitted to the Institution.

The haulage of materials constitutes an important item in the
cost of the construction of railway works everywhere, and especially
in India. The following facts will assist in forming calculations on
this head. About 5,500 tons of permanent-way materials were
required at Loyach, one of the stations on the line, and were con-
veyed by native boats from Kurrachee to Soondah, a point upon
the River Indus where there was a convenient landinfoplace. It
was necessary to form a road for carts between Loyach and
Soondah, through the jungle, a distance of 12} miles, and the fol-
lowing were the details of the cost of the whole proceeding :—

Freight from Kurrachee to Soondah by
native craft, including cost of loading
and discharging carge . . . 8s 6d. per ton.
Loading and unloading the native carts . 0s. 6d. ,
Haulage 12} miles,.at 1s. per ton per
mile . . . . . . . 12s.6d4.
The cost of forming and maintaining the
road for twelve moathswas £323.13s.64.,
equal on the above-mentioned quantity
of materialsto . . . . . la2id ,

The following is a list of the different-sized culverts erected on
- the line, distinguishing the number of culverts, and the number of
openings of each size :—
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Number. Size of ing. Number of Openings.
46 . . 2 feet mll?és . . 191
2 . . 3 feet . . 2
2 . . 6 feet . . 2
113 . . 8 feet 6 inches . . 329
5 . .10 feet . . 9
18 . . 12 feet . . 53
2 . . 15 feet . . 2

The line of rails was carried over the openings of 2 feet 6 inches,
by placing ordinary sleepers upon stone piers, the rail itself
bridging the opening. ough this apl)ea.m to be an economical
mode of obtaining waterway through low embankments, it was
found that the vibration of the line was communicated to the piers,
which, though very carefully built, thus required frequent re-
pairs, and in some cases cramping. Whenever the height of the
embankment would admit of it, and to secure the largest amount
of waterway, openings of 8 feet 6 inches were extensively intro-
duced. In such cases the ordinary permanent way was carried
upon teak timber beams, 12 inches square in section, supporting
a platform of planks 4 inches thick below the sleepers, to carry a
thin layer of ballast, protecting the platform from fire, and forming
a footway across the openings. The timber in these culverts was
carefully paid over with dammer, or pitch, laid on very hot. This
process protects the timber from the attacks of white ants, but it is
objectionable on account of the inflammable character of the
material. The other culverts in the list were built of stone, with
pitched inverts and aprons.

The bridges along the line are of the following number and
general dimensions :—

19 bridges, containing 48 arches, each of 20 feet span.
l ” » 3 ”» ”» k]

' 2 ”» » 10 ”» ”» 40 ”
2 2 ” 4 ” ” 45 ”

The large stone viaduct across the Bahrun River is 1,728 feet
in length. Its greatest height, measuring from the bed of the
river to the rails, is 31 feet 6 inches, and its average height is
25 feet 6 inches. The superficial measurement of the bridged
area is 44,064 square feet. It consists of thirty-two arches, each
45 feet span, and having a rise of 10 feet 6 inches. This was the
heaviest piece of masonry upon the line, and the time required for
its completion was the measure of that for the opening for public
traffic. The quantities of the different classes of work in this
viaduct, and the average cost of each kind, (full details of which
are given in the Appendix, page 475,) are as follows : —
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Quantity. Cost.

5. d
Excavation of foundations . 20,513 cubio 0 r cubic yd.
Coucrete . . . . 6,814 Zm 4 8% pe » y
Common rubble . . . 4,455 " 11 9% ”»
Coursed rubble . . . 17,233 " 20 0% »
Block in course . . . 5,244 " 31 6 "
Ashlar . . 29,000 cubio feet 1 38 per cubic foot.

Brg}(gn 'smll::t'for li‘l‘lckmg ;3? 2,650 cubic yard
n the N

Ballasts o e T e e T

The total cost of this viaduct was £27,185.12s. 10d. The
cost per lineal foot of viaduct was £15. 14s. 7d., and per square
foot of bridged area 12s. 4d. The viaduct was commenced on
the 5th of l\ia.rch, 1859, and a locomotive engine ran over it on
the 26th of January, 1861. The work was thus completed in
twenty-two months and a half. .

There are six viaducts with iron girders. The girders sent out
from England were on Warren’s principle, of 80 feet clear span.
These were erected at the following rivers :—

The Mulleer . . . 21 spuns.
" Guggur. . . . 3 .
. gﬁﬁaﬁ S § .
" Rhodb . . . 8 o

Total . . E "

With regard to the Mulleer Viaduct, the most extensive of this
class, the i?lthor would merely observe, that the foundations and
Eeneral construction were of an interesting character, on which

e abstains from enlarging, as he finds that Mr. J. E. Hartley,
(M. Inst. C.E.,) who was the Resident Engineer during its con-
struction, is engaged in writing a special Paper upon it. From
the experience acquired by the Author from these examples of
Warren's girders, he is compelled to report unfavourably of them,
when contrasted with plate girders. There is an amount of vibra-
tion, both laterally and vertically, caused by passing trains, which
had the effect of breaking, or of loosening the bolts fixing the lon-
gitudinal timber stringers to the cross girders. To such an extent
did this occur, that it was found necessary to lf:})poim; one, two, or
three native workmen at each viaduct, according to its length,
whose duty it was to inspect and repair these breakages, or loosen-
ings, after the passage of each train. The cost of this was so
serious, that it was found advisable to take up the original rails,
and although it raised the line and interfered slightly with the
gradients, to lay the ordinary permanent way upon tfransverse
sleepers. This-l{as had the egct of diminishing the evil, but not
of removing it entirely. The arrangement of the timber platform
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over these viaducts the Author considers highly objectionable, in-
asmuch as, while loading the bridges, it adds nothing to the lateral
stiffness, nor does it distribute the load over the whole area, as
might have been the case. It is submitted that two layers of
planking, each 3} inches thick, laid diagonally, and crossed, upon
which the ordinary permanent way could have been laid, would
have been a better arrangement,—stiffening the bridge laterally,
and distributing the load more uniformly. The sliding blocks
upon which each girder is laid, for the purpose of meeting the
effects of contraction and expansion caused by changes of tem-
perature, were not found to work well. In several cases the large
ashlar stones upon which the bed plates were fixed, were drawn
out of their places, before the blocks would slide. 1t is considered
that the roller system, as originally specified, would have been a
better arrangement. The impoesibility of getting at all the sur-
faces of the ironwork, to scrape and repaint them, is likewise a
serious objection ; for while there is no great amount of rain an-
nually in Scinde, there are heavy dews for months together, which
cause a rapid oxidisation of unprotected wrought iron. The
viaduct acroas the Chiunee Creek, of ten each of 100 feet,
for a double line, has not yet been e , but the ironwork is
already complete, and delivered at Kurrachee, The girders are
of plate iron, of elliptic form in elevation.

The majority of the works of the Scinde Railway were executed
departmentally, as it is termed, or by the Company’s own staff,
without the intervention of a large Contractor. This mode of
carrying on the works was forced upon the Company by the pecu-
liar exigencies of the case. 'The merits of the rival systems have
frequently been the subject of discussion, but the experience of the
Author lcads him to the conclusion, that for the execution of large
works in India, under Government guarantee, the employment of
a substantial Contractor is the best mode. The departmental
system allows of an amount of Government interference in every

tty detail which cannot exist under the contract system. As

ong as the works are pushed forward in accordance with the terms

of the agreement with the Company, the Contractor is untram-
melled, and he can act on his own t{iscretion in the mode of car-
rying on his operations, without being involved in the interminable
corresi)ondence and delays which are inevitable under the depart-
mental system. . :

The railway system, which thirty years ago was in its infancy,
and struggling into public notice, gas now arrived at gigantic
proportions, and has not only spread its metwork over the land
of 1ts birth, but is extending, with rapid strides, over the vast
continents of the world. During the early years of railway con-
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structions, and while the works connected with them lay in civilised
countries, the professional Engineer was surrounded by all the
appliances of modern science, and had the command of skilled
and unskilled labour, which rendered his duties comparatively
easy. But the extension of railway communications into wild
andy uucivilised countries, demands from the Engineers, Agents,
and Contractors engaged, the exercise of more than ordinary
observation, self-discipline, and energy. This remark applies to
all grades of the employés of a foreign Railway Company,
from the Chief Engineer and Agent, to the lowest European
Inspector. Each European employé almost necessarily occupies
an isolated position as regards his fellow-countrymen. He is
surrounded by natives, wiﬁ? whose language and habits he is
but imperfectly acquainted. Yet upon the obtaining and securing
the services and good-will of these natives, the progress and
success of the work intrusted to his charge wholly depend.
Great tact and temper are, therefore, absolutely necessary. It is
flattering to know, that the natives of India place unbounded
faith in the truthfulness and justice of a Briton, and when this
high position is not weakened, or lost, by the improper acts of
the individual, it is a most powerful instrument for good. Kind,
considerate, just, and withal firm treatment secures willing ser-
vice; while an opposite course is followed not by retaliation,
perhaps not even };; remonstrance, but by the native quietly
moving off in search of more humane treatment elsewhere. In
carrying out the works of the Scinde Railway there was no lack of
examples confirming the above opinion, as to the effect of the
European’s general treatment of the natives, upon the number and
character of those whom he could attract to the works. Again,
the Engineer or Inspector rituated as above described, at a dis-
tance from head-quarters, meets with cases of emergency, when
fertility of resource and self-reliance are most invaluable qualities ;
while at all times, and wherever he may be placed, energy of
character and perseverance, combined with temperance, will alone
render him a valuable officer. It becomes then the wise lic{ of
all foreign Railway Companies, and of all Contractors for their
works, to exercise the test strictness, in ascertaining that the
agents sent out from this country at immense cost, are not only
proficient in the practical details of their profession, but that they
are also possessed of gentlemanly feelings and habits, which alone
will command the respect of the uncivilised native, attracting him
to the work, reducing its cost, and converting the Railway En-
gineer into a pioneer of civilisation and a missionary of science.

The Author has pleasure in acknowledging, that he is greatly
indebted to the following gentlemen, members of the Engineering
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staff of the Scinde Railway, for much valuable assistance in collect-

ing and recording the data from which the cost of the various
works given in this Paper is calculated :—Mr. W. T. Warren,
Mr. Henry Stone, Mr. Thomas Warren, Mr. J. E. Hartley,
and Mr. J. Pinder.

The Paper is illustrated by a plan and section of the line, and
by a chart of Kurrachee Harbour, from which Plates 11 and 12
have been compiled, as well as by an elevation, plan, and sections
of the Bahrun Viaduct, and details of the mode of forming the
masonry piers for the iron girder viaducts.

[APrENDIX.
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APPENDIX.

BAHRUN VIADUOT.

Cost or ExcavaTiNG FoUNDATIONS, IN LoOSE SAND, DEPTHS AVERAGING 20 FEET,

Those parts which were let by contract, cost from
12 annas to 1 rupee 4 annas per 100 cubic feet, or
per _cubic yard 4-36 annas. Those done by day
work, (after keeping a stnet account for many

months,) were found to cost
A. R A
Onemuocadum . . . . . .at6 O 6
Ninecoolies . . . . . . .st4 2 ¢
Bs. 2 10
For this sum 8} cubic yards were excavated, thus
costing : ANNAS
Per cubic 514

About an equs) number were excavated by thc.a
two modes, therefore add as above . .

9-50
which, divided b; 2, ves a8 the a cost per B. A P
R e
Avomgecos of reamions} o 5 3
Cosr or CONCRETE. ~
mmwﬁmdof%lm Ce e e e e e 0 3 2
Sand per 100 cubic feet . . . . . . . . . -0_;2—0
Stone per 100 cubic feet :
. B. A. P.
Do . 0 00l l1100
Haaling ) 229 4o

Water per 100 cubic feet . . . . . . . . . 1 4 8
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For 100 Cubic Feet of Conerete.
R A P, B. A. P.
Lime 17 cubic feet, at 0 8 2 permaund . . . 014 2 .
Stone 838, » 4 12 0 per 100 cubic feet . . 1 9 4
8wnd 50 w012 0 " . 0 6 0
Water . e e e e e e 1 48
Mixing and dcponhng in plaee « e e e e 212 0
Total . . . . . . . 614 2
O bic yard 1 ‘i ‘:!
T, cubic e e s e e e e e 11
fortools . . . . . . . . . 0 2 6
Total . . . . . . . . . . 2 06
Or, 4s. 03d. per cubic yard. I—
Cost oF AsuLAR Masoxry, per 100 Cumic Feer.
gk . . 740
Earthwork in bn.rmg qwu'ry . 100
Dressing. . . . 30 0 0
Water for men . . . . . < & . . 0 80
Maistry . e et e e e e e 0 80
Smthwork—hbour C e e e e e e e 130 -
40 7 0
Haulage . . . . . . . . . . . . 8300
Setting . . e e e e e e e e e 12 0 0
Water for mortar e . . . 012 0
Lime . .o .« e . 1 00
Sand . e e e e e e e e e 040
Maistry . e e e e e e e 060
Tools end conhngenclec B T 411 0
. 22 10

Total . . . . . . . . . . . .Rab62 80
Or, 1s. 3d. per cubic foot.

BLock v Course, (ARcHes,)) PeR 100 Cusic Feer.
B. A. P
Quarrving . . . . . . . . . . . . . 6 4 0
Dressing e e e e e e 25 0 0
Farthwork in banng qlmrry e e e e e e e 200
Water formen . . . e e e e e e e 011 0
Smithwork—labour . . . ., . . 010 0
Maistry . . . . . . . . . . 010 0
——— 3% 8 0
Haulage. . . . . . . . . . . . . . 300
Betting . . . « . . . . . . . ... 1180
Water formortar . . . . . . . e 014 0
S8and . . . . . . . . . .. 0 80
Lime . . . . . . . . 1 80
Maistry . . . . . . . . . . . . 1 00
Tools, coal, templates, &e. . . . . . . 4 380
—_— 22 9 0
Total . . . . . . . . ’ . Ra5712 0

Or, £1. 11s. 6d. per cubic yard.
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Covrsep RuesLE, pER 100 Cubio Frer.

B. A. P.
Quarryi S T S 6 0 8
Eart.bwl;-i in baring quarry . . . . 100
Dressin e e e e e e e e e e 12 8 0
Waterformen . . . . . . . . .+ . 060
Maistry . . . . . . . . . . . « . . 0 80 R. A. P,
Smithwork—labour . . . . . . . . . . 0 80
U e—— 20 14 3
Haulage . . 2 40
Setting . « e e . . . 10 8 0
Water for morta.r .. . . . 014 0
Lime . . . . . . . . . 1 80
Band. . . . . . . . . .. . 0 80
Maistry . . . . « . 4 . . . . . 040
— 1514 0
Total . . . . . . . . . . . .Rs812 3
Or, £1. 0s. 03d. nearly, per oubic yard.
Commox RussLE, per 100 Cusic FEET.
Qnarryini e e e e e e e e 8 60
Smithwork—labour . . . . . . . 0 80
Waterformen . . . . . . . . . 0 6 0
4 4 0
Haulage. . . . . . . « « « .« 2 20
Betting . . . . . . . . . . . . 10 0 O
Lime P 112 0
Sand. . . . . . . . . . . . .. 0 8 0
M(mtry e e e e e e e e e e 0 8 0
Water for mortar . . e e e e e e 014 0
Tools and conungencles 110 6
17 6 6
Total . . . . . . . . . . . .Rs2110 6
Or 11s. 91d. per cubic yard.
CENTERING.
Deodar timber in one set of centres 1,910 cubic feet.
Iron in one set of centres 36 cwt.
Timber, 1,910 cubic feet, at 1 rupee e+ .« . .19 00
Iron, 36 cwt at 12 mpees .. e .. . 432 00
Carpenters’ work . . e e e e e e . . 4O 00O
Smiths’ work . e e e e« 4 . . 1200 0
Nails, 112 lbs, at 3 am‘ma e o o o e s+ e . 21 0 O
Total for one centre . . . Rs.2,628 0 0
Cost of the 12 sets was, therefore . . . . . . . . . 381,476 0 0
Fixing and removieg in 82 arches . . . . . . . . . 1,920 0 0

Total . . . . . . . . . . Rs3833% 0 0

The timber of these centres was cut to a scantling which made it
available for sleepers on the complenon ot the archlng, and it .
was valuedat . . . . . 18,386 0 0
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Further, the centres of the Bahrun Viaduct were made use of at
the Koonee and Huroola Bridges, so that the apportionment of
the total coet of centering is as follows :—

R. A P

Bahron Viaduct 82arches . . . . . . . . . . 13,3810 8
Huroola Bridge 3 ,, e e e e e e e e e 1,255 0 0
Koonee Bridge 1 ., . . . . . . . . . . 418 5 4
Total . . . . . . . . . . Ral5060 0 O

Torar Coer or THE BAHRUN VIADUOT.

Amount paid to Messrs. Bray for work performed, up to the

period of taking over thecontract . . . . . . . . 40,412 0 0
Amount subsequently Eaid in the departmental execution of the

works, exclusive of the higher classes of superintendence . . 206,94 6 4
Amounts chargeable under the head of plant, including trollies,

crabs, chains, ropes, poles, scaffolding, &. . . . . . . 24,500 0 0

Total . . Bs 271,85 6 4
Orin Englishmoney . . « . . . . £27,185 12s. 10d.

COST OF MASONRY AT KURRACHEE.

The following is a statement of the prime cost of masonry in the neighbourhood
of Kurrachee, exclusive of European superintendence and working plant :—

ABHLAR.

Two good men will prepare 8 cubic feet per day for 20 annas x 124,
or for 100 cubicfeet . . . . . . . . . . . . . .
Two good men will set in general work 20 cubic feet per day for 20
annas, making for 100 cubicfeet . . . . . . . . . . 6 4
To labour, including coolies’, nowgunnies’, miths’, and maistrys’ pay . 15 4

Oost of oontractorspart . . Ra 37 2
A(};le tﬁm' quarrying stone, exclusive of powder, &c., for 100 cubic

B. A
510

by

eleoeo ©

e e o o & 4 4 e o e & e & o 4 e o o 4 00

Ditto for delivery of stone, if 5 miles lead, and supposing each cart to
contain 7 cubic feet, at 12 annas rgr cart load, or for 100 cubic feet. 10 11 §
Ditto for lime delivered ontheworks . . . . . . . . . . 212 0
Ditto for sand ” » m e e e e e e e e e 140
Ditto for water ,, » T 012 0

Total for 100 cubicfeet . . . . Ra5 9 &

£1. 10s. 6§d. rd,
Or about 1s. 4}d. g cﬁ)io foot.

Brock IN CoURSE.

Two good men will prepare 12 cubic feet per day, at 10 annas per da;
for each man, making for 100 cubic t'eetpe . y., . e e pe . y 10 6 8
Two good men will set in general work 20 cubic feet per day, at 10
annas each man per day, or for 100 cubic feet. . . . . . . 6 40
To lgbour. including coolies’, nowgunnies’, smiths’, bullocks’, and
maistryg'pay . . . . . . . . ¢« 4 4 4. . . . . 1080
Cost of contractor'spart . . . Rs27 2 8
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: R. A. P.
Brought forward 27 2 8

Add for stone in quarry, exclusive of powder, &e., per 100 cabic
feet 4 00

Ditto for dehvery of stone, if 5miles lead and supposmg each cart to
contain 7 cubic feet, at 12 annas per cart load, li:m- 100 cublo feet 1011 5
Ditto for sand . . o« o . . 1 8 0
Ditto for water . . . . perdltto C e e e 014 0
Ditto for lime dellvered upon the work . perditto . . . . 8 0 ¢
Total for 100 cubic feet . . Rs.47 4 1

Or £1. 5s. 6}d. per yard.
Coussep RUBBLE.

Two good men will prepare 20 cubic feet per day, at 10 annas per day
for each man, making for 100 cubic fect . . 6 40

Two good men will set in general work 30 cubic foet per day, at 10
annas each man per day, making for 100 cubic feet . 4 2 8

To labour, including coolies’, nowgunnies’, smiths', bullocks’ “and
mnish-yspay................ 10 8 0

Cost of contractorspart . . . Rs. 2014 8

Add for stone in quarry, exclusive of powder, &c., per 100 cubic feet . 3 80

Ditto for delivery of stone, if 5 miles lead, and supposing each cart to
contain 7 cubic feet, at 12 annas per cart load, per 100 cubic feet . 1011 §
Ditto foreand . . . . . . « . operdit . . . . 180
Ditto for water . . .perditto . . . . 014 0
Ditto forhmedelivereduponthework . .perditto . . . . 212 0
Total for 100 cubic feet . . . Rs. 40 4 1

Or £1. 1s. 8}d. per yard.
A Superior Crass oF RussLE.

Two good men will prepare and set 40 cubic feet per day, at 10 annas
per day for each man, making for 100 cublc feet . 38 20

To labour including coohes nowgunmes smlths' bullocks ‘and
n;nshys‘ PaY - . . . . 8 00
Cost of contractor's part . . 11 2 0
Ac}d for stone in quarry, exclusive of powder, &o., per 100 cnbw s 8 0

eet . .

Ditto for delivery of stone. if 5 miles lead, and supposmg each cart to
contain 7 cnb?é feet . . . . . perl00cubiofeet. . . . 1011 5
D1ttoforsand.......perd1tto......1100
Ditto for water . . perditto . . . . . . 100
Dmoforhmedehvamdnponthework,perdmo e« « . . . 800
Total for 100 cubiofeet . . . . Bs3015 §

Or 16s. 8d. per yard.

[Mr. W. P. ANDREW,
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Mr. W. P. ANDREW,—Chairman of the Scinde Railway Company
—observed, that on the map of India, (Plate 10,)' this railway ap-
peared to be a very small undertaking; yet in actual length it
would be found to compare advantageously with some of the leading
railways in England. For instance, it was about the same length,
108 miles, as the Great Western, from London to Bath, aud very
nearly equal to that of the London and Birmingham Railway,
which was 113 miles, while the Scinde Railway was more than
twice the length of the London and Brighton line. It was not,
however, from its dimensions, but from its relation to other parts
of India, that this line derived its great national and commercial
importance. The immediate object for its construction was to
meet the two great difficulties of the Indus, the creek navigation
and the ocean swell of the open sea. All the serious accidents
that had been attended with loss had occurred, either in the short
navigation of the open sea, or in the creeks of the delta. By the
last mail he had received a letter, stating that another company,
(not in connection with the Scinde,) which pro; to establish a
through navigation between the Punjaub and Kurrachee, had had
three of their vessels seriously injured, the back of one being
reported to have been broken, in the creek navigation. So alive
had the natives been to the advantages gained by the Scinde Rail-
way, and so much did they appreciate the regularity and certainty
of railway communication, that the native craft which was formerly
in the habit of coming to Khettie in the delta, as the port of trans-
shipment, both for Bombay and Kurrachee, did not now come
below Kotree, where the goods were trans-shipped and conveyed
by railway to Kurrachee. In a letter received that day, it was
stated that there was a length of two miles of native boats col-
lected at Kotree, the upper terminus—which in itself was sufficient
evidence to show the dangers of the sea and creek navigation by
steamers and by native country craft, and to demonstrate the
necessity for such a work as the Scinde Railway. The Agent of
the Compan*{further stated, that not a single native boat had
gone below Kotree for the last two months., The immediate
object contemplated by the Scinde Railway,—to relieve the com-
merce of the country from its two great dangers,—bad thus been
accomplished by substituting a railway of 108 miles, for the creek
navigation of 230 miles. Moreover in a political and military
point of view, it was of the greatest importance to be able to move
troops from Kurrachee to K%l;ee in a few hours, instead of losing
a week in conveﬁ"mg them up the creeks.

.. Looking at the map of Upper India (Plate 10), towards the

! The scales of English miles and of geographical miles attached to this map
are inaccurate. The figures should be 0, 25, 50, 100, and 250, instead of 0, 50,
100, 200, and 500.—Ep.
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north, a branch line would be observed on the right bank of
the River Indus. That was the proposed line from Sukkur, vid
Shikarpoor and Jacobabad, to the Bolan Pass; the surveys had
been partially executed, and it was found that the line could
be easily and cheaply constructed. Its Eolitical importance
was great; and a large portion of the traffic of Central Asia
came down that Pass on its way to Kurrachee, and was subject
to great difficulties and delays. Higher up was Moultan, the
lower terminus of the Punjaub Railway: that line extended to
Lahore and Unritsir, and from thence proceeded the Delhi Rail-
way, which would form a junction with the East Indian Rail-
way at Delhi. The traffic between Moultan and Kotree was now
most imperfectly carried on by means of a large fleet of steamers,
which he trusted would speedily be superseded by a railway. India
would then have one of the longest continuous lines in the world,
from Kurrachee to Calcutta, a distance of upwards of 2,200 miles,
forming a great steam arch connecting the Arabian Sea with the
Bay of Bengal. This would give the greatest protection to the em-
pire of India, by affording the most effectual means of quelling dis-
turbances, either within or without the frontier. It would, more-
over, powerfully develop the enormous resources of the interior of the
country, bringing to the port ef shipment that produce of its plains
which was so urgently required in England. The capabilities of
India were but little understood. The discrepancies of conflicting
authorities might, however, be accounted for when it was con-
sidered, that India was a country of vast extent, being as large as
the whole of Europe without Russia, that it possessed every variety
of soil and climate, and that, from the different elevations of the
plateau, its products necessarily varied.

With regard to the cost of the Scinde Railway, he thought that
it would z%i‘;i:tly exceed the average cost of railways in India,
which he believed to be about £15,000 per mile. But there were
peculiarities in the case ‘of the Scinde Railway which would, in a
great measure, account for this excess. In the first place, there
was considerable difficulty in procuring from England freight for
the materials, for at the time the concession was granted, Kurra-
chee was scarcely known, and it became necessary to investigate
and to publish the capabilities of the port. Inthe second place, the
Scinde Railway comprised, in proportion to its length, a more than
usually large number of such works, as piers, wharves, &ec., which
did not onﬁzarily belong to railways. Then there were difficulties
when the materials arrived in India ; the Company having even to
provide their own boats for unloading the vessels, and as there was
a deficiency of labour, labourers had to be imported from Cutch
and Central Asia, and from the confines of China and Persia. All
these obstacles were overcome, however, by the energy and perse-
verance of the Author of the Paper, and the Engineering staff under
him, and Sir Bartle Frere, the then Commissioner in Scinde, and the

[1862-63. n.s.] 21
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present Governor of Bombay, had borne testimony to the admirable
manner in which the affairs of the Company were conducted.

There was one important engineering point on which it was
desirable to elicit an opinion,—that was the best material for
sleepers in India. In Scinde the soil was hard and stony;
many of the cuttings were through rock, and the embankments
consisted, in great part, of stone. The kind of sleeper which
would answer there would probably be ill adapted for the railways
in the Punjaub. On the S‘t):inde line, the sleepers had been pre-
pared in a variety of ways, but they had all apparently retained
their original size and form, thus presenting, as he understood, u
great contrast to the wooden sleepers employed in almost every
other part of India. On those lines, the sleepers had, irre-
spective of the attacks of the white ant and notwithstanding every
precaution, become desiccated and had almost entirely disap-
peared, from the effect of natural decay. From his own acquaint-
ance with India and with the habits of the white ant, in 1846,
he had ventured to predict that the apprehension of the ravages
of that insect upon railway sleepers was exaggerated. The results
had proved as he had predicted, that whatever was liable to sud-
den concussion, or vibration, would never be much affected by
the ant, as it always worked under a covered way, and whenever
that covered way was disturbed, it invariably retired. As in the
Punjaub there was a great difficulty in procuring wooden slee
the Company had, upon the recommendation of Mr. Bidder,
(Past-President Inst. C.E.,) sent out several miles of iron sleepers.
As they were only being now put down, it was impossible at
present to give an opinion as to their adaptability.

He desired also to call attention to another engineering point
connected with the Scinde Railway, which was perfectly novel to
him. From some cause or other, the waterway appeared to be
insufficient to allow the drainage of the country to pass beneath
the line, and the Engineer had adopted the expedient of allowing,
on a part of the line, the water to flow over, instead of under it.
The water appeared to glide over slowly, and the ballast being
heavy stone, the line was not injured, nor had the traffic been inter-
rupted by this peculiar mode of treatment.

From the days of Sir Henry Pottinger' and Sir Charles Napier®
to the present time, the attention of Indian statesmen had been
directed to the political and strategic, as well as to the commercial
importance of Kurrachee. A good port capable of admitting at all
hours and seasons ships of large burden, was indispensable to the
success of the combined system of rail and river for the valley of
the Indus, intended to be carried out by the Scinde and the Punjaub

! Vide Letter from Sir H. Pottinger to Mr. W. P. Andrew, in “The Scinde

Railway, and its Relations to the Euphrates Valley and other Routes to India.”
London, 1856.

2 Vide * The Indus and its Provinces.” By W. P, Andrew. London, 1857.
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Railways, in conjunction with the Indus Flotilla. Such was to be
found in Kurrachee, the most western port of India, and the onl
land-locked harbour between Bombay and the Persian Gulf. It
was perfectly safe and easy of access for large ships, by day and
night, and even during the monsoons. According to Commodore:
Young of the Indian Navy,'—who, as far back as 1854, took the
steam frigate ‘Queen’ twice into Kurrachee in the night time,
during the south-west monsoon,—it, though a bar harbour, had
sufficient depth of water, even in its existing state, for ships of
from 17 feet to 18 feet draught, at high water of ordinary tides.
At high spting-tides, the depth was from 20 feet to 21 feet, and at
times, even 22} feet. In this view, Commodore Young was con-
firmed by Commodore Rennie,’ of the Indian Navy, who, during
the preparations for the late expedition to the Persian Gulf, was
constang in and out of the barbour with troops, and became con-
vinced, that there was frequently more water on the bar than was
shown by the port register. As a proof of this, the ¢ Bussorah
Merchant,’ a large vessel drawing 204 feet of water, passed the bar
when the register showed 21 feet. To that able and excellent
officer, Captain C. D. Campbell, I.N., belonged the credit of having
been the first to take, on his own responsibility, a large armed
steamer into the harbour of Kurrachee.

From the Ganges to the Oxus, whoever wished to communicate
with an plaoen%eyond the sea, must pass through Kurrachee,
which thus occupied a position scarcely less favourable to com-
merce than Alexandria. The port was protected from the sea and
from bad weather, by Manora Point, a bluff rocky headland pro-
jecting south-eastward from the mainland, and leaving a space of
about 2 miles between the extreme point and the coast to the east.
The harbour was spacious, extending about 5 miles northward
from Manora Point, and about the same distance from the town,
on the eastern shore, to the extreme western point.

To be the nearest point to Europe of all the British possessions in
India was important in many respects, but more especially with
reference to tﬂz Euphrates Valley route ; and every remark re-
lative to the direct communication of Kurrachee with Suez was
equally, if not more, applicable to that with Bussorah, as materially
reducing the sea voyage from India. When the proposed tele-
graphic communication should be established with Europe, whether

y the Persian Gulf, as advocated by him, or the Red Sea, or, as
it ought to be, by both routes, the advantage would be great, of
being the medium of disseminating the political and commercial
intelligence of Europe to the most distant parts of India, and
giving in exchange the most recent events there, and also in Central
Asia. Until lately beyond the pale of the electric chain, which

! Vide ** The Indus al-xd_its Provinces.” By W. P. Andrew. London, 1857,
2 Vide Ibid.
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already spanned the eastern empire, Kurrachee was destined, ere
long, to become the chief seat of the telegraph in India, and from
its geographical position, it must become the European port of
India. It was (Plate 13) 205 miles nearer than Bombay to Aden;
and for three months in the year, during the prevalence of the
south-west monsoon, it was virtually 735 miles nearer.

Nearly ten years ago, Sir Bartle Frere, the present Governor of
Bombay, remarked,' *it might be premature to dwell on the cer-
tainty of this port (Kurrachee) becoming, ere long, the channel of
a direct steam communication with Aden. But compare the length
of the run hither from Aden with the length of the run to Bombay ;
and consider that the passage from Bombay to Aden is, for three
months in the year, in the teeth of the south-west monsoon ; that
on the line from this to Aden, the south-west monsoon does not
blow with violence, and is, in fact, not more than a steady trade-
wind, equally favourable for the run to, or from Aden, the result
of a consideration of these circumstances can hardly be other than
a conviction, that a direct steam communication will be established
at no distant period, and from the large number of passengers be-
tween the Punjaub and England, to whom it is of importance to
avoid the delays and expenses of going round by Bombay, there
can be little doubt but that it would prove a good passenger line.”

Mention was made in the Paper of the extensive works carried
on by Government for the improvement of the harbour. Mr. An-
drew could further state, that the Scinde Railway Company had
sent out from England more than one hundred ships, and that no
accident had occurred to any of them either in entering, or on
leaving the port.

Mr. Bruck said, it appeared from the statement of the Chair-
man of the Scinde Railway, that the cost of the line might be
estimated at rather more than £15,000 per mile, and the ave
Y)rices of the different descriptions of work were given in the

aper ; but there was another necessary element in the considera-
tion of the case, the price of labour, by which alone it was possible
to judge whether the work was cheap, or dear. The price of earth-
work was stated to be 113d. per cubic yard, and that of block in
course 3ls. 6d. per cubic yarcY.e Now he hoped he should not be
considered as stepping beyond proper criticism in saying, that he
thought those prices were too high, under almost any ordina cir-
cumstances. The cost of the line was, in his opinion, much too
high for a poor country,—for although India was extensive, still
the people were poor,—and if railways were to be widely extended
in that country, some means must be found of making them at a
cheaper rate. He thought it probable, that those railways which

) Vide * The Scinde Railway, and its Relations to the Euphrates Valley and
other Routes to India.” By W. P, Andrew. London, 1856.
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had been the pioneers, had borne the brunt, and that it would be
found possible now to introduce a better system, by which future
lines could be laid down at less cost.

The Author bad alluded to the difficulties in which he was
placed, by the Contractor not being able to carry out his engage-
ments, he being in consequence, compelled, to undertake the
management, and to conduct the works himself. The question
whether works should be carried out through the medium of Con-
tractors, or not, had often been mooted at the Institution. Although
Mr. Bruce himself had set an opposite example, in dispensing with
a Contractor in India, he quite agreed with the Author, that the
proper system, which should not be deviated from without good
reason, was to let the work to a large Contractor, capable of
thoroughly executing it, and thus to relieve the Engineer, to a great
extent, of the burden of detail. There was nothing like division
of labour when properly carried out, and where it was possible to
submit work to a igier amount of competition, so as to secure fair
prices for the Company. '

There were some points of a general character in the Paper,
which he thought called for remarﬁ. The Author stated, that the
price of labour was fixed by the magistrate. Mr. Bruce’s experi-
ence in such matters was, that the less recourse was had to the
magistrate the better, and that the Engineer should fix the prices
for everything. The magistrates had too much power, and though
they exercised it efficiently in their own work, still it was a mistake
to require of them more than to render the protection ordinaril
and everywhere expected from magistrates. The Author had ful!
lowed a system, which was very wise, that of endeavouring to train
young people in India for the different trades, but the pay allowed
them appeared to be high. From £3 to £8 per month was lar,
pay for a youth learning his business. As to the sleepers, the
Author stated that a large proportion of those which had been sent
from this country were of creosoted red and white pine, and that
they had generally failed. Mr. Bruce had been in the habit of
sending out red pine, but as a general rule, he preferred using
cast-iron sleepers in India; and he had no doubt it would be found,.
that those sent out upon Mr. Bidder’s recommendation would be
efficient and last well. It was, however, quite certain, that if wooden
sleepers were sent out, they must be of the best kinds of wood ; it
was useless to trust to creosote for making good the deficiencies of
the timber itself. '

With regard to the question of water-way, he thought it would
have been a better, a surer, and in the end, a more efficient and
economical course, to have provided proper openings for carrying the
water under, or through, than to allow it to run over the railway.
Although there might be circumstances in this particular case of
which he was not fully aware, which might justify the course
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adopted by the Author, he thought it was not a desirable system,
or one which it would be safe to follow to any extent.

Mr. Bruce cordially agreed with the remark at the end of the
Paper, as to the necessity of taking care to send to a foreign
country, men who were not only good mechanics, but also of good
character. The main element for consideration in the men to be
sent out, of whatever grade, should be character, becanse the
natives looked up so much to Europeans, that if they were not men
of steadiness and honesty, they obtained very little power, or con-
trol in India. That was a point which could not be too much
insisted on in carrying out works of this description, in countries far
removed from head-quarters,

Mr. G. BERgLEY remarked, that in a Paper submitted to the
Institution in 1860, bg' his Brother, (the late Mr. James Berkley,)
it was stated, that the prices paid in Western India for block
in course, varied from 16s. to £1. 15s. per yard.! It was, there-
fore, evident ‘that circumstances varied considerably, and that it
was extremely difficult to fix upon any averige by which to com-
pare prices in two districts, where the conditions might be entirely
different. In the same Paper, the price of earthwork was stated
to be much lower than in the present case ; but it should be remem-
bered, that the lead was only a quarter of a mile, whereas on the
Scinde Railway it might have been longer, and thus the prices
might be a fair representation of the circumstances under which
the Author had been working.

He would refer to the suiject of the improvement of the port
of Kurrachee, merely with the view of drawing attention to
what appeared to be one of the most important objects in these
undertakings,—the means adopted for loading and shipping goods
at the termini of the various railways. On the Scinde %ailway the
appreciation of its importance was demonstrated by the early con-
sideration it met with, and by the execution of efficient works at
the seaboard terminus, At Bombay there was a first-rate harbour,
and althou%lh, for many 1)]'ea.rs past, several plans had been sug-
gested, he had not yet heard of any practical step having been
taken towards effecting the improvement so much required. Sta-
tion accommodation at the Bombay Terminus of the Great Indian
Peninsula Railway was also a subject the consideration of which
had occupied much time.

With regard to creosoted sleepers, he had found them liable to
split when they arrived in India, and there was also an objection
to them as cargo, on account of their inflammability and their
liability to injure other goods. The same objection applied to
carrying creosote itself.

He agreed with the remarks, as to the importance of sending

! Vide Minutes of Proccedings Inst. C.E., vol. xix., p. 609.
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out agents and work-people of good character : ‘this was, however,
a matter of considerable difficulty. The great desideratum was to
find old heads on young shoulders; men prompt and practical,
and at the same time, of tact and temper. The Engineers and
others who had gone to India had, as a body, very creditably repre-
sented their countrymen; but it would be extreme good fortune
always to obtain men with these remarkable characteristics com-
bined.

Mr. W. A. BrooKS observed, that Kurrachee was, with the ex-
ception of Bombay, the only good harbour on the western coast of
Hindostan. With reference to the statement in the Paper, that an
improvement had taken place in the depth over the bar at Kurra-
chee since the Keamaree Pier had been carried out, it appeared
from the chart, (Plate 11,) that the greatest available depth was only
15 feet, at low water of spring tides—a depth which did not warrant
the statement that any improvement had taken place ; because the
survey made in 1848-49 by Mr. Fenner, a master in the Indian
Navy, and marine surveyor, gave the same depth, (15 feet,)
which added to the 9 feet rise of tide, made 24 feet, as shown on
the chart. In 1853 it was recorded, that the high water depth
was 23 feet. In 1856, the late Mr. Walker reported, that at low
water of spring tides the depth was from 9 feet to 12 feet ; but in
a Paper of Directions for approaching Kurrachee, dated January,
1860, the depth on the bar at high water of spring tides was stated
to be, S.W. monsoon, between May and September, from 22 feet
to 23} feet.!

It was important to recollect, that at present the harbour of Kur-
rachee was almost a pure tidal receptacle, and that, therefore,
any works which diminished that receptacle for the tide must have
the effect of greatly injuring the harbour. Formerly, a large
volume of the floods of the Indus passed into the harbour by the
Lyaree Channel, but little came down riow. He was desirous
of directing the attention of the meeting to the contraction of the
tidal flow presented by the works projected by the late Mr.
Walker, and now in pro, ; because there was, in his opinion,
great danger that a noble harbour might be ruined. It was part
of Mr. Walker’s design to extend from Manora Point, a pier, on
the eastern side of which, a shoal would most certainly be de-
posited, precisely similar to that now existing on the eastern side
of the point. The construction of the pier, as proposed, must be
followed by a proportionate extension og sand under the lee side,
during the prevaifi(r)m set of the current along the coast; the bar
would be merely shifted a little farther out, and would overlap
the Keamaree %ier, just as the bank, in its natural condition,
overlapped it at present. This would always render it difficult

! Vide “The Engineer'’s Journal,” July 1, 1861. Vol. iv.,, p. 132. Calculta,
1861.
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for ships to enter the harbour when the wind was from the west-
ward. It must be evident, that vessels trying to weather Keamaree
Pier head, would be in constant danger either of falling upon it,
or of being driven to leeward of the harbour.

In the ¢Calcutta Engineers’ Journal’ for July and October
1861, there appeared an able Paper on Kurrachee Harbour, by
Lieutenant A. Be Taylor of the Hydrographical Department of
the Indian Navy, in which he recommended a pier to be made
from the shore at Clifton, and, after passing over the Oyster Rocks,
to terminate abreast of Manora Point, leaving a capacious en-
trance between the pier head and the point. %ﬁ- Brooks stated,
that he had given much attention to this subject, and that he con-
sidered Lieutenant Taylor’s plan to be better adapted to improve
the mouth of Kurrachee Harbour, and to augment the tidal re-
ceptacle, than the present works. Moreover, if the eastern pier
were made to extend rather beyond Manora Point, the set of the
prevailing current would be against its inner, or harbour face, and
would act beneficially in maintaining good water on the bar.

Mr. PARKES said, that he had made the survey of the harboar of
Kurrachee, and had assisted the late Mr. Walker in the design,
but the work was being carried out entirely under the Public
Works Department of the Bombay Government. He would
however mention one fact to show the incorrectness of Mr. Brooks’s
conclusions. At the end of Manora Point the water was about
9 feet deep, in which depth the waves broke. In breaking, they
lifted the sand from this shallow bottom, and rolled it forward into
the stiller water immediately under the lee of the point. If the
pier were carried out, its extremity would stand in a depth of
24 feet, and the waves would not break. There would, therefore,
be no tendency to lift the sand, and, consequently, no tendency to
form a bar there. He had been informed, that the groyne, which
he believed had lately been completed along the Keamarce Spit, on
the opposite side to the entrance, had already produced considerable
effect upon the bar. The bar was in a transition state at present,
and, therefore, all he could now say was, that the sand had been
considerably moved. The navigable channel being -circuitous
would not, in its existing position, be much affected by the in-
creased scour, but the top o? the bar had been lowered to a great
extent, and when the increased scour caused by the groyne had
gone on' a little longer, the bar would, no doubt, be reduced to a
much greater extent, and a more direct and much deeper navi-
gab[e channel would be formed. The immediate effect, though as
yet incomplete, was very encouraging. Mr. Brooks had alluded to
the importance of maintaining the tidal space within the harbour,
but he had omitted to mention the fact, that by Mr. Walker’s
designs, probably about one-fifth would be added to the original

! Vide “ The Engineer's Journal,” vol. iv., pp. 132 and 186. Calcutta, 1861.
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area ; the water covering the whole of the s to the eastward
of the Napier Mole would be brought through the harbour, instead
of escaping, as it now did, through Chinnee Creek. Mr. Parkes
thought these few particulars might be interesting in connection
with the sea terminus of the Scinde Railway, now under discussion,
but he objected to having imported into it any abstract questions
of the principles of harbour engineering, as applied to this par-
ticular case, to which the subject of the Paper was entirely foreign.

Mr. Brooks observed, that he had not only offered an opinion,
but he had also given the reasons upon which that opinion was based.
Mr. Brooks desired to reply to the remarks relative to Kurrachee
Harbour, but it was intimated that it was advisable to restrict the
discussion to the Scinde Railway, which was the main subject of

th«ladmper.
r. G. P. Bipper, Past-President, said, his observations upon
the engineering questions would be confined to a few points,
With respect to the plan adopted for the passage of the flood
water over the Scinde Railway, he quite concurred in the views of
the Author, which he believed to be practically and commercially
right. It was easy to say, that it would have been more perfect
to have constructed archways for the ge of the flood water,
but the question was, at what cost could it have been done, and at
present, there was no information, there were no facts, upon which
to determine the extent of archway required. The only fact
hefore the Meeting was, that the floods to be provided for were
exceptional and local ; the Engineer would thus be in the dilemma,
either of having to construct an amount of archway altogether un-
necessary, or such an amount as would be insufficient, and the
effect of the inundation would be occasionally to stop the railway.
He believed the smallest estimate of the cost for the provision of
such an extent of archway as would be required, was about
£70,000; and this enormous expense would be incurred merely
to obviate the chance of two, or tﬁle-ee stoppages of the line, in the
course of eight, or ten years. He thought, that on such a railway
as the one under discussion, it was better to save the outlay of
£70,000, and put up with the occasional stoppage of the line.
Perfection might be obtained at too high a cost. As to sleepers,
that was still a question to be solved for India. He had recom-
mended cast-iron sleepers, on account of their success in other
laces. The Company were in a difficulty: the Contractors had
ailed to supply the wooden sleepers, and the employment of cast-
iron sleepers was the only remedy that presented itself, ~Whether
they would prove the best, or whether any other form of sleeper
would be better, had still to be ascertained.
Mr. Brooks had raised an important and interesting question.

Looking, on the one hand at the vast extent of India, and its pro-
digious population, and on the other, at the very few effective
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ports, and comparing it with Great Britain, with only a fifth of
the population, but with ports on every part of the coast, the
importance of the question was at once evident; in fact, he be-
lieved that no outlay, however large, would be misapplied which
would tend towards perfecting the ports of India. Mr. Brooks
had correctly stated, that the only two good ports were Bombay
and Kurrachee ; Madras was no port at all, and Calcutta was as
bad as it could be; yet those were, at present, the only outlets for
the vast trade of India.

The question to which he wished to direct attention was far
more important than that of the engineering, or of the ports. It
was as to the mode in which Indian railways were, in future, to be
carried out and worked, and he believed that on that question
would depend the future extension and success of railways in India.
There was one great satisfaction in looking at the map of India,
that the lines at present executed and in pro were 1n the right
direction. The lines from Calcutta and Kurrachee, meeting at
Delhi, with their eventual connection at Bombay, must be the per-
manent backbone of the railway system in that country; and if
that system were completed, and itys nothing more remained to be
done, it would be unnecessary for him now to advert to the peculiar
conditions which attached to the construction of Indian railwa
and the difficulties under which they had been carried out. When
the railways in India were projected, three financial systems were
open for consideration. First, their being carried out by private
enterptise ; that broke down at once, because the capitalists of
England were disinclined to take them up on their own account.
Secondly, the method of subvention, which never was, he believed,
seriougly entertained. Thirdly, there was the system of guarantee,
which had been ultimately adopted.  Before further adverting to
that system, he would remark, with a view to prevent misconstruc-
tion of what he was about to say, that he had no strictures to
make upon the mode in which it had been administered, what-
ever imperfections might attach to the system itself. That it
had been carried out with any degree of success was, he believed,
g‘eatly owing to the endeavours of all parties to make it work.

very one had gone, more or less, beyond strict routine, other-
wise the railway system in India must long ago have collapsed.
At present the railways in India were entire%y carried out on
a system, by which the Government guaranteed a certain rate
of interest ugon the outlay. The result was that the Govern-
ment was liable for the interest on all the outlay, so that, in
fact, they had to look to the receipts of the ralways for the
repayment of the liabilities thus incurred. The Government,
therefore, felt it necessary to overlook the whole of this outlay,
and for that purpose there ‘was established a system of super-
vision, permeating into the greatest minutizz. The consequence
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was, that all individual energy and all independent activity were
restrained ; and, as he said before, unless the authorities, par-
ticularly the official directors, so far as his experience went, had
applied themselves very much to the oiling of the machinery, he
thought it must very soon have stopped altogether. He trusted,
therefore, that his remarks would be taken as applied to the system,
and not to individuals, or to bodies of individuals, for he was
bound to say that India was a field which brought out, in every
respect, and in a most peculiar manner, the energies of the Anglo-
Saxon race.

The whole political system of England, from the begimming of
the establishment of her rule in India to the present time, had
been, theoretically, the worst possible; and that glorious empire
had been established by the individual emergy of those who re-
presented this country in India. This remark applied peculiarly
to those who had been connected with the railways of India. The
amount of work which the Directors, particularly the Chairmen,
had gone through, was prodigious ; the amount of correspondence
was marvellous, and that they should have had the patience to drag
through it, was, he was bound to say, perfectly astonishing. The
question arose, whether it was desirable that the system should be
changed, and whether so much yet remained to be done in India a8
to make it desirable that the reconsideration of the system of
making and working railwaysin India should be seriously entertained.
With regard to the extension of railways in India, the backbone of
the system was still far from being completed ; the line from Um-
ritsir to Delhi, a length of 300 miles, remained yet to be accom-
plished. If the Indus had been a deep, quiet canal, the carrying
of the railway system along that valley might for some years have
been postponed ; but the Indus was perhaps the worst specimen of
inland navigation that could be conceived, and, as the Author had
stated, the channels of navigation were 570 miles in length, as against
470 miles of direct route. Mr. Bidder had very carefully consi-
dered the question of the Indus Flotilla, and he was every day
more satisfied, that the necessity of occupying the valley of the
Indus with a railway was becoming more urgent. Even in regard,
therefore, to that backbone, there were about a thousand miles of
railway yet to be constructed. The question then arose as to the
best mode in which it ceuld be carrie& out, and the best system of
working it, when completed.

He bad already stated that the Government of India was liable
for a given rate of interest upon the whole outlay for the railways ;
there was, therefore, a distinct interest in the receipts, and the
same minute supervision was exercised in the working as in the
construction of the lines. Before any comparatively unimportant
step could be taken in the Punjaub, sanction had to be obtained
from the Licutenant-Governor of the Province, which he could not
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grant without reference to the Governor-General of India; and, in a
similar way, the Commissioner of Scinde was powerless without the
sanction of the Governor of Bombay. Then again requisitions for
manufactured railway material and for workmen, sanctioned by the
officials he had referred to, had to be reviewed, commented upon, and
indorsed by the Secretary of State for India in Council in London,
before the most urgent want could be supplied. As regarded the
construction, he was satisfied that the necessary restrictions which
the system imposed caused a waste of time to the extent of 25
cent., and at least an equal waste of money. But in the working
the results would, he believed, be far more serious. How was it
possible to work a railway efficiently, economically, and energeti-
cally, to develop the traffic, and adequately to meet the ever-vary-
ing demands of the public for accommodation, when a new fore-
man could not be appointed, nor his salary be fixed, without the
manager undertaking a large amount of correspondence, involvi
duplicates and references to perhaps two or more jurisdictions,;xg
a necessary delay of monthsa Take such a case as the London
and North-Western Railway, and he asked could such a system be
worked at all, if a correspondence begun in England had to be
concluded in Calcutta, and passed through the Government De-
partments, before practical effect could be given to it. These
departments, he fully admitted, were most anxious to do what was
right and proper,—desirous even to go out of their way to give
facilities ; but still that chanoel must be gone through, and the
result of such a system, whatever its effects might be upon the
original construction, would be felt, in his opinion, much more
seriously afterwards in the management and in the traffic arrange-
ments.

To return to what he considered the system ought to be, and on
which he spoke with some decision, from the experience he bad
bad of its satisfactory working in another quarter. First, with
regard to the construction of the railways, he thought that the
Government should receive tenders from companies of capitalists
for the completion and equipment of a line of railway, for example,
between two given points, igr a definite sum of money, and stating
the amount of subvention they required from the Government, to
be paid in cash, or by an equivalent. The character of the line
as regarded materials, workmanship, and accommodation, bein,
defined, the maximum rates of fares, the regulations connec
with the public service, such as conveyaunce of troops, &c., bei
fixed, the total capital, the amount of subvention, and the approv
of the railway by the Government on the completion of the same,
being provideg and stipulated for, the construction and the working
should be left entirely to the management of the Company, who
should take, as a first charge upon the net revenue, interest upon
their portion of the capital up to an agreed amount, say 5 per
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cent., and the surplus revenue afterwards to be divided in d
proportions between them and the Government. By so doing,
all the energy of independent management would be brought
to bear, and that management would work with the same responsi-
bility and limitation as in this country. He believed that, upon
that system alone, the full advantages of railway communication
in India, or in any other country, would be realised.

He would, for the sake of illustration, assume a case, that of a
railway up the Indus Valley, 500 miles in length, and that the
reasonable cost, including equipment, was £10,000 per mile, or
that a capital of £5,000,000 would be required. Of this he would
suppose the Government to furnish £5,000 per mile, or two and a
half millions of capital, either in cash, or by an equivalent guaran-
tee ; and as the Company would have to find the balance, and to
satisfy the Government that the bargain had been efficiently car-

" ried out, there would be every possible responsibility thrown upon
the executive, that all the money would be economically and judi-
ciously applied. Then the working, subject to conditions with the
Government similar to those he had indicated, should be con-
ducted entirely by the Company, who should rely upon the re-
ceipts of the railway alone for a per-centage upon their capital up
to, say, 5 per cent.; and after that, the net receipts should be
divided, say two-thirds to the Government and one-third to the
Company, as an inducement to the latter still farther to develop
the traffic, and to work economically. This arrangement of course
implied a proper audit of accounts for the satisfaction of the Govern-
ment. He believed that it would be to the advantafl'e of Govern-
ment to apply this system of working to railways already opened
for traffic, and to those mow under construction ; for instance, the
lines from Kurrachee to Delhi, a length of from 600 to 700 miles,
exclusive of the Indus Valley. For the privilege of working these -
lines, Government might receive, by tender, a contribution from a
Company of say three or three and a half millions sterling, which
would be more than adequate for the subvention of the Indus
Valley line, which if carried out would complete a system of 1,100
miles, or thereabouts, from Kurrachee to Delhi, with a preferential
capital of about five and a half millions sterling, with a preferential
interest of 5 per cent., and a further coutingent advantage from
surplus net receipts. He was certain that the Government would
get more profit under that system than under the present one, of
taking the whole of the profits to meet the liabilities they had
incurred, and they would have that contribution to apply to the
extensions which might be made to this great backbone of rail-
ways throughout India; because though it was a Eoor country,
mi]y;s for mile, yet when it was considered that there was one
mile of railway in England for every 3,000 inhabitants, as against
one mile of railway in India for every 50,000 inhabitants, it
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would at once be seen that, in India, the necessity for branches
and extensions would grow in importance every year. -

Looking to the rapid rate of increase of the trade of India,
exhibited by the growth of the traffic on the Scinde Railway, in the
face of the greatest possible hindrances to the transit of goods
from the interior, he had the strongest possible conviction, that the
application of individual skill and energy would realise a fair
return upon all the capital which might be contributed, either by
Government or by private capitalists, and concurrently, incalculable
advantages would result to tll:e trade of India generally.

He did not think that it was necessary to enlarge his observa-
tions on this subject. He had pointed out what occurred to him
as the rational system to adopt, a system which, he believed, might
be made to work very practically. It was the system on which the
Norwegian Trunk Railway was carried out. Parties in England
contributed one-half the capital, and the Government the other
half. The English contractors took 5 per cent. Slrd'erence, and
the Norwegian Government took 4 per cent., and the surplus was
equally divided. That system had been carried out without any
difficulty, or contention whatever. He did not mean to say that
those exact terms would apply to India ; but a system which ad-
mitted of independent energy, and obviated the necessity of state
interference in construction, and a restriction in all the arrange-
ments by which alone railways could be effectually carried out,
would, in his opinion, be found advantageous to that great empire,
and economical to the Government.

Mr. J. BRUNTON, in reply, said an objection had been made,
that the Paper did not contain a list of the prices of labour.
Now it was expressly stated, that he abolished the day-work
system almost entirely, and established a system of piece-work,
because he was convinced that it was the only means by which he
could get the work done at the lowest possible price. Had he

iven a list of the daily wages paid to the labourers, it would have
ed to erroneous conclusions, because some were paid 4 annas, and
others 5 annas or 6 annas per day, and at those wages they did
little, or no work. He did not think the prices of day-labour fur-
nished so good a criterion as the price at which, for instance, a
cubic yard of earthwork was excavated and carried a certain dis-
tance ; it was the same with regard to masonry. With respect to
the observations about the magistrates fixing the prices of r,
that was a misapprehension. The magistrates were only called
upon to fix the prices at which the provision dealers should seil
their flour and other articles for the consumption of the labourers
on the works ; they did not interfere in any way with the prices of
labour. As to the amount of £3 per month paid to the appren-
tices for the first year, he had a great deal ofP:Jorrespondence in
India upon that very subject, before those prices were fixed. He
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maintained it was absolutely necessary for the European boy in
India, particularly if separated from his parents, or taken away from
his guardians, that he should receive a pay that would enable him
to keep himself independent of and superior to the natives. The
amount of £3 per month would not, in India, be considered a
high rate of pay to keep a youth of 15 or 16 years of age in a
respectable position; and it was only respectable lads of good
character that were admitted as apprentices in the Company’s
workshops. He was not surprised that £16,000 per mile should
have been considered a high rate of cost. It would be so, un-
doubtedly, for a line of railway running through a very flat coun-
try, which was the character of the districts through which most of
the lines of railway in India were carried ; but a glance at the
section of the line between Kurrachee and Kotree would convince
anf' Engineer that it was not an easy one. There was a consider-
able amount of earthwork upon it; and the earthworks were not of
the soft character usually found in alluvial plains. The majority
of the excavations were through hard rock, requiring gunpowder ;
many of the embankments were formed from side cuttings in rock,
as no softer material could be obtained, and the embankments were
built up with the stone so quarried from the side cuttings. That,
coupled with the fact that the line crossed the natural drainage of
an extensive hilly district, and required large viaducts and many
culverts and bridges, would account for the increased cost per mile.
But, as the Chairman of the Company had remarked, the Scinde
Railway might be considered as rather exceptional, because, for a
short length, it had two expensive termini, and there bad been a
heavy charge upon the capital of the Company for wharves and
other works for the accommodation of the flotilla at Kotree, where
from 3,000 feet to 4,000 feet of wharves had been constructed.

Since the reading of the Paper, he had received a communica-
tion from General éoodwyn, of the Bengal Engineers, with regard
to the Burnettising process of saturating sleepers with chloride of
ginc. That gentleman had paid great attention to the subject in
India, and had made the following report to the Government :—

“I have the honour to report, for the information of the Board, that I
have this morning been engaged in the examination of the timbers,
bamboos, and other articles that were subjected by me, in 1846, to im-
mersion in chloride of zinc ; the following is the result :—

“II. The hair and woollen articles from the arsenal appear to have been
uninfluenced by the solution, and have rotted, whilst some 'lportions of
canvas have been attacked by white ants, though glightlg. he greater
part of the canvas is sound and untouched ; the twine and small rope are
sound and good ; whilst all wooden articles have been entirely preserved—
such as the handles of brushes, sieve rims, and fusees.

“ 111 The whole of the sil timbers of various scantlings are quite
sound, free from rot, or white ant; whilst one piece that has been buried
in a fungus pit five years is as sound as on the day it was put in. The
bamboos, a perishable material, are sound and strong in every way.
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«“ IV. These timbers had been indiscriminately piled up in an open
shed, where white ants abound, and exposed to alternate heat and
moisture, where other timber has been destroyed in less time.

“ V. The deal Memel, and even oak timbers, that were received from
England in the same year, saturated by Mr. ——’s process, have all been
attacked by white ants, some completely eaten. They were stacked in the
same way, and in a similar shed.

“ VL The solution that my timbers were soaked in was chloride of zinc ;
the process patented by Sir William Burnett. It was the refuse liquid
from the galvanic batteries in use at the Mint for refining of silver.

“ V1I. Major Baker and Mr. Turnbull, the senior Engineer of the Rail-
way Department, were with me, (in fact, it was to show them that I
scrutinised the whole,) and they were satisfied of the efficacy of the
process. I consider this to be so satisfactory, as to be worthy of cown-
munication to Government.

“I have, &e.

« Fort William, « (Signed) H. Goopwrx.,
“ 27th September, 1852.”

General Goodwyn further stated, in a letter received that day,
that since the above report was written he had been confirmed in
the opinions he had expressed. This was of great importance;
for if the native timber could be preserved by so simple a process
as that of immersion in chleride of zinc, more of the woods of
India could be used in future for sleepers. Mr. Brunton’s ex-
‘Perience did not extend over a sufficient time to enable him to
orm a conclusive judgment upon its preservative qualities ; but he
had applied it on his own line to sleepers, and to cills and door-
frames, and hitherto the timber so prepared had not been attacked
by white ants.

With regard to the water-way, and the novel mode he had
adopted of lowering the line of railway from the low embankment
on to the surface of the country, and laying the rails flush with the
surface, he observed that he had done this almost from necessity ;
for the only alternative was the very expensive one of constructing
a continuous series of culverts over the whole distance. Then it
was to be remarked, that the rains in Scinde were different from
the rains in other ]lxa.rts of India ; Scinde, in that respect, must not
be judged by the lower parts of Bengal, or Bombay. In Scinde
the average fall of rain was about 5 inches, which was very small 3
but it fell heavily, and in a short period, seldom extending over
more than three dalys, for four, or five hours each day. Though
the water passed slowly over the line, the traffic need not be
stopped ; and, in fact, it was not stopped during the last rainy
season, although the water was 9 inches deep over the rails; after
the water had passed away, which it did in the course of a few
hours, the railway remained in as perfect condition as before. In
cases of this kind, only good broken stone ballast should be used.
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April 21, 1863.
JOHN HAWKSHAW, President,
i the Chair.

No. 1,092.—¢ Account of the Cofferdam, the Syphons, and other
works, constructed in consequence of the failure of the St.
Germains’ Sluice of the Middle Level Drainage.” By Jomx
Hawgsnaw, F.R.S., President Inst. C.E.

AT one of the meetings of the Institution last year, the Author
was requested to give some account of the works proposed to be
constructed, consequent upon the failure of the Outfall or St. Ger-
mains’ Sluice, of the Middle Level Drainage. The disaster having
then so recently occurred, the Author,ngor obvious reasons, re-
frained from complying with that request ; but he stated that at
some subsequent time,%:e would bring the subject before the In-
stitution, in a Paper descriptive of the works. This he proposes
now to do. .

The original St. Germains, Sluice was situated at the confluence
of the Middle Level main outfall drain with the River Ouse, near
the upper end of the Fau Brink Cut. This drain was made in
1847, from the designs and under the direction of Messrs.
Walker, Burges, and Cooper; but it was not until 1857, that it
was deepened to the full extent originally contemplated by them.
The success of that work, in improving the drainage of the Middle
Level was, as is well known, most satisfactory. The drain, as
thus deepened in 1857, has at its lower end a bottom width of
48 feet, the side slopes being 2 to 1. The level of the bottom is
7 feet under low water of spring tides in the River Ouse, at the
point where the drain enters that river. The rise of the tide in
the Ouse at that point is about 19 feet at sprinbg tides, and the
level of the cill of the St. Germains’ Sluice is 6 feet below low
water of spring tides. The section of the drain near its lower

Section of Middle Level Drain near its lower end,

end is shown in Fig. 1. The bed of the drain is there of soft
[1862-63. N.8.] 2 x
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blue clay, and the sides, from the bottom of the drain to the surface
of the ground, consist of variable thicknesses of soft blue clay,

t, yellow clay, and surface-soil. Of these materials the side

above the level of the ground are com .

On the 4th of May, 1862, the St. Germains’ Sluice gave way,
thereby admitting the tidal waters from the River Ouse into the
drain, which ed up, and again poured out of the drain with

t velocity, and throug[l.mut a distance of upwards of 20 miles
they ebbed and flowed. This state of things lasted for a few days,
during which time much attention was devoted to the banks, and
several minor breaches were successfully stopped ; but at length the
western bank of the Middle Level Drain %urst, at a point about
4 miles from the St. Germains’ Sluice, inundating upwards of 9
square miles, or about 6,000 acres of land. (Plate 1 n}

Immediately on the failure of the sluice the late Mr. Walker,
g’ast-President Inst. C.E.) was consulted by the Middle Level

rainage Commissioners ; but as that gentleman was unable, from
advanced age aud failing health, to undertake the operations that
were urgently needed, he advised the Commissioners to request
the Author to act in the matter ; and full instructions were given
to do whatever was considered necessary to shut out the tidal
waters, regardless of expense. In order to expedite the organisa-
tion of a staff of men, and to obtain immediate possession of the
plant and materials necessary for carrying on the operations, the
Author secured the services of Mr. J. ’Is Leather (Assoc. Inst.
C.E.) as contractor. That gentleman was fitted, from his exten-
sive experience, to carry out the Author’s plans, which he did with
much vigour and f;udgment. In this he was ably aided by his
assistant, Mr. E. P. Smith. Mr. Alexander G. Linn, (Assoc.
Inst. C.E.) was, at the Author’s request, appointed Resident
Engineer, a position he was well qualified, from gus previous career
and experience, to undertake, and the duties of which he per-
formed in a highly creditable manner. :

- 'Previous to the Author’s assuming the direction of the works,
and directly after the failure of the sluice, an earthwork dam was
, commence(i which was attempted to be thrown across the draim
at a spot about 500 yards from the fallen sluice. This dam was
not immediately relinquished, but its construction was pursued by
sinking horizontal cradles of fascines weighted with clunch (a
hard chalk stone, procured in Suffolk and Cambridgeshire), and
bgathe use of bags filled with clay, the Author not wishing to
abandon an experiment, which he did not originate, without
having fairly tried it. It is clear, moreover, that if the dam had
been carried up even to a moderate height, which was the ut-
most the Author ever expected, or desired to accomplish, it would
have had the effect of shutting out a certain quantity of tidal
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water, which would to that extent bave relieved the banks of the
drain, and have assisted the construction of the permanent coffer-
dam. On the other hand, by continuing this dam, the introduction
of successive layers would pen up an increased quantity of water in
the drain ; and the more it was raised, the greater would be the
scour from the water flowing over it at ebb tide, which scour
was considerable when the dam was only raised a few feet. Nu-
merous es also were required in its construction, any one of
which would, if it had broken loose when the tide was running up
the drain, have ruined the permanent cofferdam. Great caution
was therefore necessary in pursuing its construction ; and not long
after the permanent cofferdam was commenced, the Author deter-
mined to relinquish altogether proceeding with the earthwork and
cradle dam, tidal observations having shown that it was un-
necessary, when the construction of the permanent cofferdam had
advanced to a certain stage. There is no doubt, that the system
of raising such a dam by cradles of fascines might be introduced
with advantage, in many situations, and under certain circum-
stances. The Author intrusted the superintendence of sinking the
cradles to Mr. Miiller, who had considerable experience in raising
banks in this manner, and who described the process in a Paper
read before the Institution during the last session.'

COFFERDAM.

Immediately on receiving instructions from the Commissioners
to do whatever might be considered necessary to shut out the tidal
waters, the Author determined to construct a permanent cofferdam
of pile-work across the drain, as the only plan that was likely
effectually to answer the desired end. His original intention was
to use the road-bridge spanning the drain about 1,000 yards from
the fallen sluice, as a staging from which to drive the piles ; but
the work was scarcely commenced before the bridge, which was
a timber structure, was destroyed by a barge breaking loose and
running against it. The site ﬁna.lg' fixed upon was about 120
¥aards to the north of the bri and that distance nearer the

llen sluice. Figs. 1, 2, 8, and 4, Plate 15, show the dam as
constructed.

It will be desirable, however, before proceeding to describe the
dam, to give some particulars relative to the levels of the water in
the River Ouse and in the drain. The level of high water of

ring tides in the river is, as before mentioned, about 19 feet
:gove low water, but it was not more than 9 feet in the inun-
dated fen, where, owing to the large area of the inundation, the
rise and fall of the tide did not exceed 6 inches. The only in-

! Vide Minutes of Proceedings Inst. O.E., vol. xxi,, p.2466. 9
K
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erval of repose, therefore, was when the water in the Ouse was
at the level of the water in the fen. Fig. 5, Plate 15, is & diagram
explanatory of the tidal action. This interval of repose was of
very short duration. A few minutes scarcely elapsed before an
inward or outward current (according to the state of the tide in
the Ouse) became perceptible, which current rapidly increased in
intensity. The velocity of the tide up the drain, and again out of
the drain, amounted to about 6 miles hour at spring tides,
and 4 miles hour at neap tides. The depth of water in the
drain below low water spring tides was 7 feet; but the bottom
of the drain, in the neighbourhood of the dam, having been
scoured away about 2 feet, the depth there, at slack water, was
about 17} feet. The material composing the drain and the banks
being of so soft a nature, and the velocity of the current being
80 great, it was clear that much caution' would have to be exer-
cised, throughout any operations that might have to be under-
taken, to guard as much as possible against the effects of the scour.

The cofferdam, which was commenced on the 16th May, may
be thus described :—Temporary piles were screwed into the ground
in the first instance, and a platform was erected thereop, to form
a staging for the pile-driving engines. When this was done,
the permanent pile-work was commenced, by driving two rows
of sheet-piling, 25 feet apart, transversely down the slope of the
drain on each side. This sheet-piling extended from the centres
of the banks to within about 20 geet of the bottom of the drain,
leaving a space of 20 feet on each slope and of 48 feet (the
bottom horizontal width of the drain), together equal to a central
space of 88 feet of cofferdam to be completed. This portion
of the dam was thus constructed (Fig. 2.) :—Piles of whole

Plan showing the Construction of the Central part of the Cofferdam.

timbers were driven on each side, so that when in place they
would be in pairs, 7 feet 6 inches apart, from centre to centre.
The piles in each pair were placed m.ck to back, a space being
left between them of 7 inches, this distance being preserved by a
central piece 7 inches by 3 inches. These piles were driven sepa-
rately, one of the piles, with the distance-piece attached, bein

first driven, and afterwards the second pile. The grooves thus leg
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were for the reception of sliding panels, to be used in order to fill
up the spaces between these several twin piles. These piles could
only be pitched during the few minutes of slack water. Waling
ieces ofp whole timbers were fixed to the inside and the outside,
th at the top, and also as near to the low water level as
ible. As the piles were driven, proper struts and ties were
inzerted to stiffen and strengthen the dam, and strongly framed
raking struts were fixed, abutting against the dam and against
abutments, composed of piles backed with concrete, on the land.
The struts, ties, and raking struts will be clearly understood
reference to the drawings of the dam. (Plate 15, Figs. 1, 2, 3,
and 4.) The ls are composed of a series of timbers (7 inches
thick, and of the length necessa.r{ to enable them to slide into the
grooves), fastened together by bolts 1} inch diameter, and further
strengthened and weighted by flat wrought-iron plates on one side,
each plate being 6 inches wide by 1 inch thick. In order to put
these panels in place, a frame {>late 15, Figs. 1, 3, and 4) was
érected, from which they were suspended, and from which they
could be lowered, and raised again ﬁeoeesary, by pulleys.

The rush of water through the dam, which was considerable
before the piles for the panels and the walings were erected, was
materially increased when they were in place,—#0 much so, that
there was at times a difference of level of 4 feet, or 5 feet between
the water on the two sides of the dam. Alreadg the precaution
had been taken of throwing in sacks of clay, with gravel, puddle,
and stone (kept in place by footings of clunch) on the upper
and lower sides, forming aprons extending the whole width of
the drain, and for some distance up the slopes. It now became
of the utmost importance carefully to watch these aprons, and
also the centre of the dam between the two rows of piles, where,
from the necessity which existed of depositing in that space
nothing but material impervious to water, there was an increased
difficulty in maintaining the bottom from being scoured away.
In order to ascertain the state of the aprons and of the centre
of the dam, soundings were made, and, for the p of
throwing in materials, stages were erected. The drain :Ero -
out lwg also to be carefully watched, as the soundings revealed
the existence of large holes in the bottom, as well as of con-
siderable scour. In one place the drain had been scoured to a
depth of 15 feet from its original bed, maintaining this depth
for a le of not less than  mile; and at other places it was
discove! that the cast-iron culverts, some of which were of
large size, passing originally several feet under the bottom of
the drain, had been laid bare. Only a limited quantity of
stone was thrown into the centre of the dam, lest it should
prevent the clay being afterwards made perfectly water-tight,
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and should increase the difficulty of driving the piles that yet re-
mained to be put in place, at the back of the panels on the lower
side. Great quantities of puddle, however, were cast into the
dam at slack water ; but most of this was washed away by the
rush of water through it, which acquired a velocity of 8 to 9
miles an hour ; and it was only with the utmost difficulty, and by
incessantly persevering with this operation, that the level of the
bottom of the inside of the dam could be maintained at the same
level as the bottom of the drain; all attempts to accumulate
material within the dam above that level proving ineffectual. At
this period it became very difficult to maintain the ns on the
outsisz, and with the utmost exertion they could only be raised
about a foot above the bottom of the drain at their junction with
the dam, and for some length from it, gradually increasing in
height from this latter point to the end of the apron, where the
footings of clunch were made.

The panels in the first, or lower tier were each 7 feet deep.
They were pointed at the lower end, so that they could be driven
down some depth into the mud ; and when all those of the first set
were driven, another set was put in. These latter were of variable
depths, inasmuch as the first series could not all be driven to the
same level, and the lengths of the second set were so arranged as
to raise the panelling uniformly to the level of about low water of
spring tides. Whilst the panels were being driven, and after they
were down, the operation of throwing in sacks of clay and gravel,
both on the inside and the outside of the dam, was persevered in;
and although the aprons on the upper and on the lower sides were
by this means extended, and raised to the height of the panels,
nothing remained in the inside of the dam excegting a few sacks
of gravel, which were thrown in close to the panels to prevent any
¢ blowing ’ from taking place.

It now became clear, that the only practicable mode of exclud-
ing the w‘a::; was lto shut in the remainder of the dam at one
operation, and to rely on its strength for resisting the pressure that
would come upon it, before it g:ld be ﬁnilnlg completed. As
before observed, it had been previously well strutted both on the
inside and on the outside. It was necessary to do this at still
water, when therg would be a small differential head for the dam
to sustain; and, in order to accomplish the object, the panelling,
which was re(}uired to be 12 feet deep, was suspended from the
scaffolding (Plate 15, Fig. 3) on each side of the dam, so as to be
dﬂ')ll)fed into place at slack water.

e first attempt to close the dam, made on the 10th June, 1862,
resulted in failure, from the fracture of three of the twin piles
(marked X, Plate 15, Fig. 4) on the lower side of the dam, owing
probably to their having been injured in driving, and in giving way
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they released some of the bottom panels. These failed after the
tide had receded 3 inches, and when there was a head of 8 feet of
water. The other panels were readily lifted up and removed ; but
a delay was occasioned, as the damage had to be made good, which
was done by driving sheet-piling (marked Z, Plate 15, Fig. 4) up
to the level of the lower waling, thereby filling in the spaces
between and adjoining the broken piles. The tendency of this
was, of course, still further to contract the waterway ; but it was
considered the most desirable course to adopt, as, upon a diver
being sent down, it was found that the ground had been much dis-
turbed, by the tearing out of the panels between the broken piles.
The second attempt was therefore postponed until the succeeding
neap tides; but in addition to the work that had to be performed,
the interval was taken advantage of to meet and provide against
every contingency that might arise. The first attempt was made
at still water of flood tide, as the dam would have to sustain a
somewhat smaller differential head at high water than at low
water, and by the time the tide had ebbed to its lowest point, the
dam would {ave been filled in to a considerable extent. The
second attempt (made on the 19th June) proved a complete suc-
cess. The panels were again slung ready to be dropped at slack
water, but this time the operation was attempted at low water of
ebb tide as being more couvenient, the difference of the head at
high water and at low water not being considered of sufficient
importance to counterbalance other advantages. The process of
lowering the panels lasted about twenty minutes, and immedi-
ately this was effected, the inside was filled with clay, and with
sacks of gravel, clunch being thrown into the centre. The
aprons on the upper and the lower sides were at the same
time raised and extended. About 3,000 yards of clay with several
hundred sacks of gravel and clunch were prepared for the opera-
tion, and 800 men were in readiness to put these materials in
place, from several barrow-roads and waggon-roads ; and so perfect
were the arrangements, that the raising of the dam inside was
kept in advance of the rise of the tide, and before high water the
operation was completed. The contrast between the rush of water
before, aud the calm after, the operation, was remarkable. The
tide rose quietly, and the dam, as thus far constructed, did not
exhibit the slightest indication of failure, or weakness.

After these panels were placed, sheet-piling was driven behind
them on the lower side of the dam, thereby filling in all the spaces
between the twin piles, and converting the lower side into one con-
tinuous row of sheet-piling, and the dam was further completed
without any trouble, or anxiety. In addition to the piles before
referred to, extra piles were driven at the sides of some of the twin
piles, where it was imagined the panels might not have a sufficient
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hold. With these exceptions, and one, or two minor alterations,
which sug, t.hemsefves as the work progressed, the dam was
constructed in every in the manner, in the order, and
to the extent, originally intended by the Author. The cofferdam
was commenced on the 16th May, and the tidal waters were shut
out on the 19th June, 1862. Appendix A ‘(lﬁe 509) contains the
quantities of the several kinds of material in the construction
of the cofferdam and in the syphons.

SYPHONS.

During the time the cofferdam was being constructed, serious
attention was given to the means to be adopted for the future
drainage of the Middle Level After a careful consideration of
this question, the Author came to the conclusion that, in addition
to such drainage as could be obtained through Salter’s Lode
Sluice, the old outlet into the Ouse, — the drain leading to
which had to be widened, cleared out, and, re-opened the
removal of a bank existing across it,—syphon pipes should be
laid over the cofferdam, and that nothing should be done as to
the erection of a new sluice, until these latter had been fairly
tried. The Author had occasion, in 1839, to en the ca-

ity of the reservoir for supplying the Manchester, Bolton, and
ury Canal with water, which was effected by increasing the height
of the reservoir embankment. The old outlet, which
under the embankment, being of insufficient capacity, he adopted
a syphon passindg over it, for an additional outlet; so that the
experiment of lschargmgI water by the action of the syphon was
not to him a novel one. It must here be mentioned that, imme-
diately after the cofferdam was closed, feeling it would be im-
ible to continue to devote as much time to the works as
e had hitherto done, the Commissioners, at the Author’s re-
uest, associated with him Mr, Thomas E. Harrison, (M. Inst.
ET.E. who has since continued to act with him.

The syphons are shown in Plate 16. They differ in no respect
from the original design and intention of the Author, excepting in
the arrangement of the valves. In the first design, a single valve
was placed in a box at the top of the syphon, anlgnin the gemgn as
executed, a valve was placed at each end, for reasons which will
presently appear. The number of syphons at present erected is
sixteen. These are laid across thesy(i)am at an inclination of 2
to 1 on either side, and horizontally over the top; each end being
terminated by a horizontal length containing the upper and the
lower valves. The upper surface of these bottom horizontal
len is laid at a level of 1 foot 6 inches under low water of
spring tides,—so that the ends of the syphons are always under
water,—and the top of the syphon is 20 feet above the same level.
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Tae total length of each syphon is about 150 feet. The syphons
are of cast iron, 3 feet 6 inches internal diameter, put together in
lengths (exclusive of the irregular pieces) of 12 feet, and have
spigot and socket ends and lead joints. Four bosses, or lugs are
cast on the ends of the several lengths, for the purpose of bolting
them together with 1}-inch bolts. The thickness of the metal in
the syphons (excepting at the socket ends, where it is thicker) is
1} inch. The syphons rest on the top of the dam and on inclined
framework, supported on piles on either side. The piles, which are
14 inches square, are driven s0 as to be underneath each of the
joints of the pipes composing the syphons. These piles are con-
nected together by a horizontal transverse cill, and each syphon
rests on whole timbers 1 foot 9 inches apart in the clear, and
bolted to the cill. Underneath the extreme ends of the syphons,
a row of sheet-piling of whole timbers is driven across the drain,
the sheet-piling being properly hollowed out to receive and support
the terminal lengths.

The space ozztégned by the inclined framework between this
sheet-piling on side and the dam, is filled in above the apron
that was formed to resist the scour, and up to the underside of the
syphons, with clunch, clay, and gravel, thus forming a solid and
impervious embankment. The bottom of the dam, at the inlet
and outlet of the syphons, is protected by substantial permanent
aprons extending acroes the (E'ain. These aprons are shown in

te 16, Figs. 1 and 2. The lower parts of the syrhons and the
aprons were laid by means of dams, consisting of close sheet-
piling surmounted by slackers, or sluices. These dams were
about 90 feet long, and were thrown across the drain 30
feet from the ends of the syphons. From near their extremi-
ties, two parallel rows of sheet-piling, te 16, Figs. 1 and 2,)
were driven towards the dam, to within 25 feet of it on the
lower side and 85 feet on the upper side. The lower apron
extends from the sheet-piling at the termination of the syphons
to the sheet-piling of the half-tide dam, and is 80 feet long,
It consists, for the first 20 feet of its length nearer the syphons,
of piles, 5 feet apart, driven into the ground, and surmounted
by cills. The ground, from the top of the cills, is excavated
to a depth of 2 feet 6 inches, and the space is filled in with
concrete, to the underside of a layer of close planking 4
inches thick, which is spiked to the cills. The remaining 10 feet
of this apron, to the sheet-piling of the half-tide dam, is of con-
crete 2 feet 6 inches deep. The sheet piling of the lower half-
tide dam was cut off at the top of the concrete, so as to protect
the ends of the aprons from injury and scour. The upper
apron is 10 feet long, and consists of piles 5 feet apart, driven
into the ground, and surmounted by cills to which close planking,

»
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4 inches thick, is spiked; the toe of this apron being pitched,
(Plate 16, Figs. 1 and 2).

Both at the inlet and the outlet of the syphons, a row of sheet
piles is driven on each side, inclining tow each other, and con-
tracting the channel to a width of 60 feet. This is for the purpose
of keeping the ¢ wash’ off the slopes of the drain.

The upper, or inlet valve (Plate 16, Figs. 4, 5, and 6) consists
simply of a flap of teak wood working inwards, and the lower
valve (Plate 16, Figs. 7 and 8) is of cast iron, working outwards,
and is fitted with a balance-weight The syphons are put into
action by exhausting the air from the inside, by means of an air-
pump worked by a steam-engine. This is placed on the western
side of the drain, and near to the dam. A horizontal flanged
pipe, 10 inches diameter, runs transversely acroes the dam, over its
centre, at a height of 6 feet from the top of the syphons; and
vertical pipes, provided with slide cocks, connect each on with
this horizontal pipe, and with the air-pump. By means of the slide
cocks, each syphon can be shut off at pleasure, or be brought into
operation when required. Some of the syphons are provided with .
glass gauges attached to the centre of the sides, and to the vertical
pipes at a point above the slide cocks. It can thus be seen when
the eyphons are full of water. Three brass taps, 1} inch diameter,
are fitted into the horizontal flanged pipe at the extreme end, for
the purpose of admitting air when required, and thus readily stop-
ping, or regulating the working of the syphons. The air-pump has
three cylinders, worked together by a throw cranked shaft.
Each cylinder 18 15 inches diameter, and the length of the stroke
is 18 inches. The engine is of 10-horse power, and high pressure ;
the diameter of the cylinder being 12 inches, and the Ke of
the stroke 20 inches. cYl‘he syphons were cast by Messrs. rane
and Co., of Woodside Ironworks, near Dudley; and the steam-
engine and air-pump were manufactured by Messrs. Easton, Amos,
and Sons, of Southwark.

The reason for adopting two valves in the syphons instead of oue,
as the Author originally intended, was for the purpose of enabling
them to be put into operation, either by exhausting the air, or by
filling them with water should there be any necessity for it. The
inlet valve, being a loose hanging flap o¥ wood, opens inwards
as.soon as the outward is the preponderating pressure.
outlet valve turns on a hinge at the top, and 18 ced ; it is
rendered capable of resisting an interior pressure, by means of
a bridle which holds it fast, but which can readily ge released,
when the valve is converted into a flap opening outwards. In fill-
ing tl:;:xphons with water, the same machinery would be employed
as is for exhausting the air, and the water would be pumped
up into a reservoir, where it would be in store, ready to be turned
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into the syphons when needed. For the purpose of controlling
the operations connected with the raising and lowering of the
outlet valves, a chain is attached to each, worked by a emall crab,
laced on the top of the dam. At present, the only method that
as been tried to work the syphons has been to exhaust the air.
The inlet and outlet valves are so arranged, that they can readily
be drawn out should it be n 2 ‘
On the lower side the syphons, up to the level of high water
neap tides, are protected by a rubble deposit of clunch, extending
from the centre to 15 inches above the t% of the syphons;
the surface of the clunch is pitched with Wansford rubble, 9
inches deep, the Sitch'mg being continued to the end of the in.
clined pilework, (Plate 16, Figs. 1 and 2). The lower part of the
hons, on the upper side, is covered with puddle to a depth of
15 inches above the syphons, this puddle bemﬁvl:imilarly pitched
with Wansford rubble, also 9 inches deep. e upper part of
the syphons on both sides is covered with.puddle to a depth of
18 inches, on which grass sods are laid, and on the top of the dam
a hut is erected, into which steam heating-pipes, 4 inches inside
diameter, communicating with the boiler, are placed. By these
means the water in the syphons and pipes can be protected from
frost. A grating and an 1ce breaker are placed across the drain
in front of the syphons, at the upper end. In Appendix B (page
509) some examI))Tes of the results of the working of the sypm%s
are given.

SToPPING THE BREACH, AND CONCLUDING REMARKS.

After the breach occurred, it soon became evident, that all at-
tempts to stop it should be abandoned. The area flooded was
surrounded by banks, which confined the mischief within limits, as
long as those banks held . Any attel"lﬂ)t to stop the breach,
until the tidal waters could be excluded, would only have increased
the evil, by causing breaches in other places when still greater
damage would have resulted, by the flooding of other lands. The
large area flooded, operated as a safety valve, preventing the tidal
waters from riging to the height in the drain they otherwise would
bave .done, and actually diﬁ rise before the bank burst, and to
that extent relieving the banks and preventing breaches at other

ints.
pOIt was not, therefore, until the cofferdam was closed in, and the
tidal waters were excluded, that the breach was stopged, and, still
water being obtained, this was easily effected. The first operation
consisted of tipping stone, so as to form a footing on each side, at
the toe of the embankment that had to be raised. This embank-
ment consisted of clay, to the level of the bottom of the drain,
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go as to make m the material that had been scoured away.
The rest of the was of clay mixed with a small quantity of
clunch, (about balf a dozen barge-loads to every 4 feet of depth,)
to stiffen and weight it. The total quantity of material used to
restore the bank was about 25,000 cubic yards. The bottom of
the drain, where the scour had taken place, was also repaired, and
the banks generally were put into good order. After the work
connected with securing the Lreach was completed, the water on
the inundated land was let off, through the Marshland Smeeth
and Fen Drain, and the adjoining Marshland sewer. Since the dam
bas been closed, much attention has been devoted to thoroughly
securing and making good the banks of the drain between the dam
and the River Ouse, which had been much damaged by the scour,
and they had, from time to time, to be secured and repaired.
They are now put into good order by clay and fascine work, so
as to admit the efflux and reflux of the ndai waters without suffer-
ing deterioration,
The Author has only, in ‘conclusion, to remark, that he believes
syphons will be found to answer all the purposes of a permanent
uice. The results obtained have hitherto been of a most satis-
factory character. They possess moreover the advantage of not
rendering the safety of a district dependent on single pairs of
gates; for it is clear that, from their imf: ndent action, any one, or
more of the syphons may be damaged, or destroyed, without injur:
the operation of the others, or en ring the district. A
deal of consideration was at one time bestowed on the advisability
of making a sluice in the dam, in addition to the erection of syphons.
It was thought that in this way an outlet could be establi:{ued for
the land water, in the readiest and most rapid manner, in anticipa-
tion of a land flood occurring in the interim, and before the
syphons could be brought into operation. The desirability, how-
ever, of not interfering with the dam after it had been erected,
led to the abandonment of the notion.

The Paper s illustrated by a series of drawings and diagrams
from which Plates 14, 15, and 16 and Figs. 1 and 2 have been
compiled.

[APPENDLX
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APPENDIX (A).

509

TOTAL QUANTITIES OF THE SEVERAL KINDS OF MATERIAL
USED IN THE CONSTRUCTION OF THE COFFERDAM AND THE

SYPHONS.

Timber

- TIron .

Cement .
Clunch
Sacks

e o o o o

COFFERDAN,

" s 0 o o
L N I

.

SYPHONS,

90,693 cubio feet.
75} tons.
432 casks.
2,444 tons.
36,524 in number.

The fotal weight of metal-work in one syphou, exclusive of the pipes and the
connections, is 36 tons; and the total welght of metal-work in the sixteen
syphons, including the communication and air-pipes, and connections, complete
in every respect, is 610 tons.

APPENDIX (B).

WORKING OF SvrHONs,—6th March, 1868.
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7th March, 1863.
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an.—m:;gg the time the syphons were working, the doors at the Outwell
Bluioe were closed. The following is the capaci ger foot in height above datum,
of the drain between the syphons and the Outwell Sluice :—
Between datum and 1 foot above . » 8 008,008 cubic feet
+» 1footand 2 feet above datum . v
+» 2feetand 8 feet * . .
,» 8 feetand 4 feet " . 681,918 .
. 2

i
B8
g

,y 4 feet and 5 feet ’ 005,962 .

v en W 3 B H 00 00 €O

bl
. B5feetand 6feet ,, 1253,012 .,
v Gfeetand 7feet .’ 567,515 ..
. Tfeetand 8feet ., . 4,886,176 .,
.. 8feetand 9fect ,, . 5,047,941 .
+»  9foet and 10 foet . . 5,218,587 ,,

It having been represented that it might be inconvenient, while
the matters relating to the Middle Level Drainage were under
litigation, to discuss the questions raised in the Paper by the
President, it was resolved— '

That the discussion upon Mr. Hawkshaw’s Paper, “On the
Cofferdam and Syphons, Middle Level,” should be abandoned.
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April 28, 1863.

JOHN HAWKSHAW, President,
in the Chair.

No. 1,093.—¢ The Charing Cross Bridge.”' By HARRIsON
Hayter, M. Inst. C.E.

GENERAL DESCRIPTION.

THE Charing Cross Bridge iz being erected for the purpose of
carrying the Charing Cross Railway across the river Thames, under
the provisions of an Act which received the Royal Assent on the
8th of August, 1859. It occupies the site of the Hungerford
Suspension Bridge for foot-passengers, which was built by the late
Mr. I. K. Brunel, and the superstructure of which it was n

to remove; but as the footway had to be maintained, the new
bridge, in addition to carrying the rails of the railway, is provided
with a footway on either side. .

The Charing Cross Bridge comprises nine spans (Plate 17,
Fig. 1)—six of 154 feet and three of 100 feet—the centre opening
of the Suspension Bridge baving been divided into four spans,
each of 154 feet; the opening between the Surrey Pier, or
Tower, and the abutment Into two epans, each also of 154 feet;
and the opening between the Middlesex Pier, or Tower, and the
abutment into tghree spans, each of 100 feet. The superstructure
over the three latter spans is fan-shaped (Plate 17, Fig. 2), inas-
much as the ground available for the Charing Cross Station being
somewhat restricted in length, it was necessary to begin the widen-
ing out on the bridge. It was hence found more convenient, for
reasons which will %: hereafter explained, to divide the opening
between the Middlesex Pier and abutment into three spans of 100
feet, instead of into two spans of 154 feet, as on the Surrey side.

The chains and the ironwork of the Hungerford Suspension
Bridge are being removed to Clifton, and are to be erected, under
the joint supervision of Mr. Hawkshaw, President, Inst. C.E., and
Mr. W. H. Barlow, M. Inst. C.E.,, on the piers which were origi-
nally intended to carry the chains of a suspension bridge, and
which have so long existed on the banks of the River” Avon.

! The discussion upon this Paper extended over portions of two evenings, but
an abstract of the whole is given consecutively.
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Mr. Brunel having also been the Engineer of the Clifton Suspen-
sion Bridge, the piers of which were erected by him, it is consi-
dered fortunate, that the Hungerford chains can be rendered
available towards the completion of that work, the span of which
does not materially differ from the centre span of the Hungerford
Suspension Bridge. The Hungerford chains, however, will have to
be strengthened, as the Clifton Bridge is bein%]made wide enough
for a carriage roadway, as well as for a footpath on either side.

The superstructure of the Charing Cross Bridge is carried by
cylinders, sunk into the bed of the river, and by the piers of the

ungerford Suspension Bridge (Plate 17, Fig. 1), the upper portions
of which have been removeg, while the lower portions have been
added to and modified, so as to adapt them for the railway bridge.
The abutments of the Hungerford Suspension Bridge are also re-
tained, but have been considerably lengthened and altered. The
width of the river at the bridge is 1,350 feet. The greatest depth
of water between the two brick piers is 13 feet below low-water
spring tides, and the av deptﬁ is about 10 feet. The rise of
spring tides is 17} feet. The level of the rails is 31 feet above
Trinity high-water mark, and the clear minimum headway is 25 feet
above the same level, that height having to be preserved, to comply
with the requirements of the Admiralty and of the Conservators
of the River Thames. ,

The Charing Cross Bridge was designed by Mr. Hawkshaw,
President, Inst. C.E., the Engineer tothe Railway, and is bein,
carried out under his immediate supervision,—Mr. John }f
Stanton, M. Inst. C. E., being the Resident Engineer. Mr. George
Wythes is the contractor for the construction of the railway, but
he sublet the erection of the Bridge to Messrs. Cochrane and Co.,
Woodside Ironworks, near Dudley, who, up to the present time,
have carried out the work in a satisfuctory and creditable manner,
the immediate direction of the operations having been intrusted by
-them to Mr, Joseph Phillips, Assoc. Inst. C.E.

CYLINDERS FOR THE OPENINGS 154 FEET SPAN.

The cylinders, excepting those at the fan end, which will be
bereafter described, are 14 feet diameter below, and 10 feet °
diameter above the ground, the junction between the two sizes being
effected by an intermediate conical length (Plate 17, Fig. 3). There
are four piers (three intervening between the towers ofg he Hunger-
ford Suspension Bridge and one between the tower and the abut-
ment on the Surrey side) formed of cylinders of the above diame-
ters, and each of the piers consists of two cylinders, 49 feet 4 inches
apart, from centre to centre. They are of cast iron, and are shown
in detail in Plate 17, Figs. 5, 6, and 7. 'The circumference of each

[1862-63. N.8.] . . 2L
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cylinder of 14 feet diameter, is divided into seven equal parts or
segments, the segments being generally 9 feet high; that of the
cylinders 10 feet diameter, is divided into five 'egual L)a.rm or seg-
ments, each segment being also afenerally 9 feet high; whilst
that of the intermediate or conical piece is similarly divided into
five equal parts or segments, each 9 feet high. The segments are
fastened together inside, by bolts 1} inch diameter, ing
through flanges cast on the top, bottom, and sides of tﬁe seg-
ments. A horizontal interior strengthening rib is cast on the
middle of each segment. All the joints of the segments, both
horizontal and vertical, are planed, and spaces are left in the in-
side between the flanges for the introduction of iron cement, to
render the joints water-tight. The vertical joints of the segments
in each of the two lengths of different diameters ively are
over one another. There are thus continuous vertical lines of ribs,
securing a strong columnar arrangement. The horizontal joints
can also be made to fit better in this way than by breaking the ver-
tical joints. The thickness of the metal in these cyﬁnders is
}g §nct throughout, excepting in the bottom length where it is
inch. :

" SINRKING THE CYLINDERS,

The staging for sinking the cylinders consists of piles erected
round the pier, supporting a sts.vge or platform at the level of
4 feet above high-water mark. hen this staging was in its place,
an opening of 45 feet was left between two adjoining piers; but
in order that the navigation miﬁht not be interrupted, only two
openings, in the space between the two brick piers, were allowed
to be narrowed to that extent at the same time. The staging
used in the two Surrey openings, which is generally similar to that
employed for the other openings of the same span, is shown in
Plate 1, Figs. 8 and 9. The l“)a.rt up to the lower platform was
erected for the purpose of sinking the cylinders. is was after-
wards carried up, as shown, and the 45 feet opening spanned, for
the purpose of erecting the girders, as will be hereafter explained.

e strata through which the cylinders are sunk (Plate 17, Fig. 1)
consist of mud and gravel, of varying thicknesses, overlying the
London clay. The cylinders were sunk by excavating the material
from the inside, by means of divers with helmets, and then by
weighting them as the excavation proceeded, until they had passed
through all the porous material, and had entered a few feet into
the so%id London clay. The water was then pumped out, and the
cylinder was kept dry for the rest of the operation, very little
pumping being required. The sinking was then proceeded with, by
excavating the material and by weighting the cylinders. The
weight with which it was found necessary to load the cylinders, in
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order to overcome the friction of the sides, and to sink them to their
final depth, averaged about 150 tons. The London clay at the
base of the cylinders was of a hard character, of a dark-blue colour,
and it extended to a depth far below the level at which the cylinders
were founded.

The cylinders constituting the pier between the Surrey abutment
and the {rick pier, are sunk to a depth of 52 feet below Trinity
high-water mark. Those between the two brick piers are sunk to a
depth of 62 feet below the same level, excepting the up-stream
cylinder of the middle pier, which had to be sunk 10 feet deeper,
on account of some of the material through which it passed being
softer than that met with at the sites of the other cylinders.

The Act for the railway provided, that the foundations of the
bridge should be laid at such depth, as would admit of the river
being deepened, at any subsequent time, to 30 feet below Trinity
high-water mark.

FiLriNg-IN THE CYLINDERS, AND WEIGHTING.

After the cylinders had been sunk, and the material had been
excavated, they were filled with concrete up to where the conical
part commences, and with brickwork from that level to the un-
derside of the granite bearing blocks occupying the top of each
cylinder. The concrete was composed of Thames gravel or bal-
last, that obtained from the excavation from the inside of the
cylinders being used, so far as it was suitable and sufficient, the
remainder of the gravel being purchased from the Conservators
of the River Thames. This was mixed with the best Portland
cement, in the proﬁortion of one part of cement to seven parts of

avel. The brickwork is generally composed of the best paviour
gicks, set in Portland cement mortar, in the proportion of one part
of cement to two parts and a half of sand.

Before the lengths above high-water were put on, the cylinders,
after they had been filled with the concrete and brickwork, were
weighted with a load of about 450 tons, excepting the two cylinders
in the pier nearest to the Surrey side, which were the first sunk,
and which Mr. Hawkshaw required to be weighted each with
700 tons, that being about the greatest load that could come
upon any one cylinder, assuming the four lines of rails on the
bridge to be loz:Xed with locomotive engines. Upon the removal
of the loads, it was found that each of the cylinders which had
been weighted with 700 tons had permanently sunk 4 inches, and
each of the others that were loaded with 450 tons had per-
manently sunk, on an average, nearly 3 inches. The larger loads
were applied in order to test the strength of the foundations, and
the subsequent smaller loads to bring the cylinders t; a be2aring, g0

L
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as to prevent any settlement, after the completion of the bridge,
from the weight of the permanent and moving loads. The load
was applied by piling the permanent rails of the railway on the
cylinders. After it was removed, the top lengths were put on, and
were filled in with brickwork, and then the granite bearing blocks,
which are from the Cheesewring Quarries, were fixed m place.
These blocks are 2 feet 6 inches thick, and are in two equal pieces,
which, when together, fill the cylinder, the joint being under and
longitudinal wigh the girders. The granite blocks project 1 inch
above the top of the cylinders, in order that the weight may be
prevented from coming on the upper edge of the ironwork.

Each pair of cylinders forming a pier is connected together
transversely by a wrought-iron box girder, 4 feet dee’R':trongly
attached to tﬂe top of each (Plate 18, Fig. 12). is girder
also serves the purpose of a cross girder for supporting the
roadway. Assuming the four lines of way on the bridge to be loaded
with locomotive engines, the pressure on the base of the cylinders
would amount to about 8 tons per square foot, and that on the
brickwork at the top of the cone, where the cylinder is 10 feet dia-
meter, to about 9 tons per square foot. e former pressure,
however, is on the supposition, that no relief is afforded by the fric-
tion of the sides against the material through which the cylinders
penetrate. If this were taken into account, as it should be, the
8 tons per square foot would be much reduced, and it is clear that
this pressure will never be approached.

SUPERSTRUCTURE OF THE OPENINGS 154 FEET SPAN.

The superstructure of each of the openings, 154 feet span, consists
of two main girders, underneath which are cross girders (Plate 17,
Fig. 3?110 The main girders are, like the cylinders, 49 feet 4 inches
a m centre to centre transversely, leaving a between
them sufficient for four lines of rails, the roadway platform being

supported by the cross girders. For the purpose of car:{mg the
footpaths, each of whicimiis 7 feet wide in the clear, the cross

girders extend beyond the main girders, forming a series of
cantilevers on each side of the bridge.

MAIN GIRDERS SPANNING THE 154 FEET OPENINGS.

These girders are of wrought iron. They are not continuous
over two or more openings, but are all detached. Each has to
support, inclusive of its own weight, a maximum distributed load
of about 700 tons. The elevation, sections, and details of these
girders are shown in Plate 18, Figs. 1 to 7. The extreme depth
of the girders is 14 feet, and the depth between the centres of
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vity of the top and bottom members is 12 feet 9 inches.
%en the girders are loaded with a maximum strain of 4 tons
per square inch in compression, and of 5 tons per square inch in
extension (which are the limits allowed for the wrought ironwork
throughout the bridge), the sectional area in the top, at the
centre of the girder, will be somewhat less than 300 square inches,
and that in tﬁe bottom, excluding the rivet holes, will be some-
what less than 235 square inches; these being the respective
central areas of the gisr%ers as constructed.

The sides of the girders between the bearings are divided by
vertical bars into fourteen equal parts, each division containing a
double set of two diagonals crossing each other. These are placed,
as nearly as practicable, at an angle of 45° with the top and bottom
of the girder; and both the diagonals and the vertical bars are
connected to the top and bottom webs by pins of puddled steel. The
top and bottom webs of the %irders are of boiler-plate, and consist of
horizontal tables 4 feet wide at the top and 3 feet wide at the
bottom, and of four vertical ribs, the two outer rows being 24
inches deep, and the two inner 21 inches deep. The joints of the
plates, in the horizontal tables of the top and bottom webs, are
covered by a continuous plate running the whole length of the
girder; that in the top being of the same thickness as the plates
covered, and that in the bottom one-sixteenth of an inch thicker
(Plate 18, Figs. 3, 4, 5, and 6). The jointsin the vertical ribs in
the top and bottom occur near the pin-holes, and are covered by
l-inch plates, 2 feet 4 inches long, placed on both sides of the
ribs, thus forming a good bearing for the pins (Plate 18, Fig. 7).
The vertical ribs are united to the horizontal tables by angle-
irons, 6 inches by 6 inches, by 1 inch thick in the centre and
§ of an inch thick at the ends, covered at the joints in the
usual manner. The rivets used throughout the top and bottom
of the girders are 1 inch diameter, and their pitch is about
4 inches.

The aggregate thickness of the plates in the horizontal table
of the top in the centre of the girder being 3} inches, and in
the bottom 3}% inches, without the angle-irons, and 4} inches
and 4}3 inches respectively, with the angle irons, but excluding
the angle-iron covers, it would not have been easy to unite
the parts composing such a thickness, by rivets passing through
holes punched in the metal. However perfectly ﬁle holes
may be set out in the first instance, the process of pumching
always stretches the iron; so that, when the plates are put
together, the holes do mot come accurately over one another.
Neither would they have been truly cylindrical throughout, as
they are always, when punched, larger on one side than the other;
so that where so many thicknesses had to be united, imperfect
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riveting would have resulted, unless rimering out to a great
extent had been resorted to. Mr. Hawkshaw therefore required
the holes to be drilled. This was done by machines designed
by Messrs. Cochrane and Co., which were capable of drilling a
large number of holes simultaneously. These machines answered
their purpose very satisfactorily, and the drilling enabled the
riveting to be well and readily done. And while great saving
was effected in the cost of putting the work together, it was also
found that, where so many holes gad to be made, drilling was in
itself less costly than punciing.

The diagonals which act as ties are of Howard’s patent rolled
suspension links, each separate tie being composed of two or
three links, as required, riveted together. The diagonals acting
as struts are each in one solid forging. The struts and the ties
have swelled ends for the pins. The struts are united together in
pairs, by zigzag bracing ofP wrought-iron, 4} inches wide by # inch
thick, riveted to them, and by bolts passing through cast-iron
distance-pipes. 'The ties, also in pairs, are not united together;
but in the centre of the girders, where the diagonals act both as
struts and ties, the pairs are united together in the two central
spaces by the zigzag work. The dimensions of the struts vary
from 12 inches by 3 inches at the ends, to 6 inches by 24 inches
in the middle, ang of the ties from 12 inches by 2} inches at the
ends, to 6 inches by 2 inches in the middle. The turned pins, of
puddled steel, were procured from Messrs. John Brown and Co.,,
of Sheffield. They are 7 inches diameter at the ends of the girders,
decreasing to 5 inches diameter at the centre, and are 11 feet
apart from centre to centre.

At the ends of the girders under consideration, the sides over
the supports are boxeil being eomsed of §-inch plate iron,
stiffened by angle and T irons. ere the girders upon
the brick piers and upon the Surrey abutment, they rest upon
roller bed plates, but upon the cylinders, sheet lead only is inter-
posed between the girders and the granite blocks. e force
of expansion and contraction will probably cause the cylinders
between the brick piers to rock to and fro to a certain but
inappreciable extent. The girders were put together in place,
on the sta%ing before referred to (Plate 17, Figs. 8 and 9).
The top of the girder was put together on the top upper platform,
and the bottom of the girder on the top lower .platform, the
two platforms being kept at the correct distances apart by
diagonals, converting the whole into a framework of timber.
The supports on the platforms, on which the girders were erected,
were accurately adjusted to the proper camber of the girders.
The rivet holes in the plates forming the top and bottom of the
girders were all drilled at the works of Messrs. Cochrane and Co.
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before being seut to London, but the pin-holes were not bored
out to the full diameter.

The struts, with the diagonal bracig, were also put together at
the works of Messrs. Cochrane and Co., and the pin-holes were
bored out to the full size, so that they, and also the ties, were sent
up in a complete state. When the top and bottom webs were in
place, the struts and the ties were erected, and the pin-holes in the
girders were accurately bored out, by means of a boring apparatus
worked by a small steam-engine, the gauge of the running wheels
of which was so adjusted, that it might work backwards and for-
wards on the two outer vertical ribs of the lower g:xrt of the girder.
Great care was taken to insure accuracy in the direction and
position of the holes. The pins, after being coated with grease,
were forced into the holes, the diameter of the latter being such
that the former could only be driven in by exerting a considerable
force, a perfect fit being thereby established. The vertical bars
dividing the sides into the several spaces are 6 inches wide by
1 inch thick. They have not been taken into account in calculat-
ing the stralns. ey fit on to the ends of the steel pins, and are
in pairs, one on either side, and outside the outer vertical ribs of
the top and bottom, and are connected together by bolts and
distance pipes. The only use they serve is to stiffen tge girder to
a certain extent. ’

The ends of the pins are covered with circular castings screwed
on, and over the ends, resting on the cylinders, ornamental castings
are to be fixed.

The weight of each main girder spanning the 154 feet openings
is 190 tons.

One of the main girders was tested, when in place, with a dis-
tributed load of 400 tons, and the deflections were accurately taken.
The load being very great, and the girder being unconnected
transversely, (tge cross girders not having been fixed,) great
care had to be observed in putting on the weight, which con-
sisted of the rails of the railway. The manner in which it was
loaded will be understood from Plate 18, Figs. 15 and 16. The

test deflection in the centre, when the load was on, was
15 inch, and the permanent deflection, after the load was removed,
was 3 inch. (Plate 18, Fig. 14.) If the girders had been rigidly
connected transversely by the cross girders, the deflection would
doubtless have been {ess. This has since been proved to be the
case. The whole of the bridge, in its completed state, has
been tested by a maximum load, and the greatest deflection
of the main girders has not been more than £ of an inch in the
centre.

The plate iron used throughout the bridge was also tested,
and the results are given in the Appendix, page 527. These are
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interesting, as both the extemsion and the permanent set were
carefully taken by an accurate extensometer.

It has been before stated, that the girders are all detached, and
not continuous over two or more openings. Mr. Hawkshaw’s original
intention was to connect the girders spanning the two end openings
on the Surrey side, and also to connect the girders spanning the
four central openings. As regards the ‘iirders spanning the two
ogxen’ on the Surrey side, it was found that it was not easy to gain
the full advantage from continuity, inasmuch as the girders having
to support a considerable load, the thickness of the plates in the
top and bottom was too t to render it practicable to reduce
them to a minimum at the point of contrary flexure. Moreover,
the strain on the diagonals would have been greater at the central
support than at the end supports, and the uniformity in size of
the struts and ties could not have been maintained, had their
correct dimensions consequent upon continuity been adopted. It
was also desirable not to increase the strain on the diagonals, as
the end struts are already large forgings. © The same remarks
apply, more or less, to the girders spanning the four central
openings, although in this case greater advantage would have
been gained by continuity. More difficulty, however, would have
been exigleﬁenced in their erection, inasmuch as the Conservators
of the River Thames, only allowed the staging to be erected in
the river for two of the central openings at ome time. It is
clear also, that much more trouble would have been incurred in
constructing continuous girders over several openings, than in
putting together a series of detached girders. In the former
case there would be a multitude of dissimilar parts, whilst in the
latter all the girders would be duplicates of one another. Better
workmanship 18 thus insured, and at a less cost per ton. In order
to ascertain whether any saving of metal would be effected, by the
girders being constructed on the continuous or non-continuous
system, drawings of both were prepared, and the weights were
accurately calculated. The difference was inconsiderable in the
case of the side openings, and was not of sufficient importance over
the central openings to counterbalance the advantages to be derived
from non-continuity; Mr. Hawkshaw therefore determined to
abandon the idea of continuity. The Author does not argue from
the foregoing, that continuity in girders may not be sometimes, or
even as a general rule, desirable. In this, as in most other similar
matters, no rules universally applicable can be laid down. In the
case under consideration there are exceptional circumstances, which,
after being fully investigated and considered, led to the abandon-
ment of continuity.
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CRross GIRDERS FOR THE OPENINGS 154 FEET SPAN.

The cross girders for the openings 154 feet span are shown in
Plate 18, Figs. 8, 9, 10, and 11. They are of wrought iron, and are
suspended from the main girders. The top and the bottom of that
portion of the cross girders between the main girders consist of
two plates, 18 inches wide by # inch thick. The sides are of
lattice-bars united to the top and bottom by two angle irons,
5 inches by 3 inches by y%; inch thick. These cross girders are
4 feet deep in the middle, and 2 feet 1} inch deep where the
cantilevers are united to them outside the main girders, the
bottom being fish-bellied, and the top having a camber of 3}
inches in the centre. The lattice-bars are fixed at an angle of about
45° with the top and bottom. The ties are in two bars through-
out, and each bar varies from 6 inches by 1 inch at the ends to
4 inches by } inch in the middle. The struts are in one bar
passing between the two ties, and vary from 6 inches by 1 inch at
the ends to 4 inches by 1 inch in the middle. The rivets in the
cross girders are {2 inch diameter. The cantilevers decrease from
2 feet 1} inch deep at their junction with the cross girders to 1 foot
2 inches deep at tge extremities. The top and bottom of the can-
tilevers are composed of two angle irons, 3} inches by 3 inches
by % inch thick, and the sides are of lattice-bars also placed at an
angle of about 45° with the top and bottom ; the ties likewise consist
of two bars and the struts of one bar passing between them, each of
the former being 2 inches by § inch, and the latter 2 inches by § inch.

It will be seen, therefore, that the cross girders are generally
similar in character to the main girders. They are suspended
from the under side of the main girders at the points where the
pins occur. They are therefore placed 11 feet apart, from centre to
centre. The sides of the cross girders, where they are underneath
the main girders, are boxed in with plate iron. They are sus-
pended by four angle irons—two on either side,—and outside the
outer vertical ribs of the bottom of each main girder, to which,
and to the boxed sides of the cross girder, these angle irons are
riveted. By this means a strong and good attachment is established.
The cross girders are connected together by wrought iron cross-
bracing attached to the centre of each (Plate 19, Fig. 1). Each
cross girder, including the two cantilevers, weighs 9 tons. They
were tested by erecting two cross girders in the contractor’s yard,
placed transversely 6 %eet apart in the clear, the cantilevers being
removed. They were then loaded with 140 tons ’}equivalent to
70 tons on each girder) distributed over the span. The maximum
deflection in the centre, when the load was on, was 1 inch; and
the permanent deflection, when the load was removed, was } inch.
This result would doubtless have been better had the cross girders
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been in place and rigidly fixed at the ends to the main girders.
The whofe of the cross girders have since been tested in place with
a maximum load, and the deflection has in no case been more than
# inch in the centre.

Fax Exp.

The superstructure of the three openings, 100 feet span each,
of the Fanpell".lsxtd is supported by the Bfi‘:ldlesex brick pier tl::d by the
Middlesex abutment of the bridge, and intermediate to these by
piers of cast iron c¥linders, that next to the brick pier, consisting
of a row of seven cylinders, and that next to the abutment of a row
of nine cylinders. In these two rows (Plate 17, Fig. 4, and Plate 19.
Fig. 1) the outer cylinders are 10 feet diameter below and 8 feet
diameter above the ground, and the inner ones are also 10 feet
diameter below but only 6 feet diameter above the ground, the
junction between the two lengths of different diameters being effected
by a conical length. The circumference of the lower lengths of the
cylinders, 10 feet diameter, is divided into segments, which are
generally similar, and are connected together in the same way, as
the upper lengths of the cylinders already described, of the same
diameter, in the piers of the openings 154 feet span. The upper
lengths of the outer cylinders 8 feet diameter and of the inner
cylinders 6 feet diameter, are not divided into segments, but are
cast in pieces complete on the circumférence, and 5 feet long.
These pieces are fastened together, by bolts 1} inch diameter, passing
through flanges cast on the top and bottom.  All the joints through-
out these cylinders are made water-tight in the usual manner
by iron cement. The cylinders in these two piers have been
sunk in place, precisely in the same manner as the cylinders of
the openings of 154 feet span, and to depths averaging about 40
feet below Trinitly; high-water mark. hen in place and when
all the material had been excavated from the ingide, they were
filled with Portland cement concrete to the level of about 5
feet above Trinity high-water mark. It was not considered neces-
sary to fill in the remaining portion of these cylinders.

As some irregularities, or deviations from the perpendicular;
occurred in sinking some of the cylinders in the row next the
Middlesex brick pier, a horizontal casting, extending over all the
cylinders of this row, was bolted to them at about the level of the
ground, Plate 17, Fig. 4; on this casting the upper parts of the
cylinders of this pier are fixed.

On account of the great width of the Fan, which increases
from 49 feet 4 inches from centre to centre of the outside girders
at its commencement at the Middlesex brick pier (this being
the width between the parallel main girders spanning the 154
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feet openings) to 168 feet from centre to centre of the outside
girders at the abutment, the system pursued in the other openings,
of supporting the roadway on cross girders suspended from outside
main girders, was clearly inadmissible. It was also undesirable
to introduce intermediate main girders, projecting above the road-
way. An unbroken platform is at all times more or less a de-
sideratum, but in close proximity to a large station it is almost a
necessity. The roadway over the Fan is, therefore, carried by
interior plate girders (Plate 19, Fig. 1,) laid at right apgles to the
piers and the abutment, and by the outside main glu'ders, which are
at the angle of inclination of the Fan. These latter (Plate 19,
Figs. 2, 3, 4, and 5,) are of the same depth, and although lighter
in all the }mrts, are generally of the same character, and are fixed at
the same level, as the girders of the openings 154 feet span. The
faces of the bridge have, therefore, a uniform appearance through-
out.

The interior plate girders, where they bear on the cylinders,
rest on a bed plate, (Plate 17, Fig. 4, and Plate 19, Figs. 1 and 8,)
extending over all the cylinders of each row. They are con-
nected together by cross bracing in the centre of each span,
and at points intermediate between the centre and the supports ;
and where they rest on the Middlesex pier and abutment, are built
into the brickwork. The bottom of these girders is at a lower
level than the bottom of the outside main girders, inasmuch as it
was impossible to obtain sufficient depth without resorting to this
arrangement. As it is, the depth of these girders is only 5 feet ;
or one-twentieth of the span. If the spans in the Fan bad been
154 feet, the interior plate girders instead of being one-twentieth
would have been less than one-thirtieth of the span. Hence
the advantage of introducing the smaller spans of 100 feet. The
elevations and sections of the interior Flate girders are shown in
Plate 19, Figs. 6 and 7. They are of the ordinary construction,
and weigh about 26 tons each.

The outside main girders do not make exactly the same angle
with the centre line produced of the parallel portion of the bridge.
The shape of the %an is therefore mot accurately that of an
isosceles triangle—the distance between the centre line of the Fan
and the centre line produced of the parallel portion of the bridge,
being 7 feet 9 inches at the Middlesex abutment. (Plate 19,
Fig. 1.) These outside main girders, which are over the centre
of the outside cylinders of the piers, are raised above the interior
plate girders by cylindrical making-up pieces of the same diameter
(8 feet) as the upper lengths of the outside cylinders. (Plate 17,
Fig. 4.) These cylindrical pieces are filled with brickwork in
cement, resting on the bed-plate, the top being covered with a
bed of an inch in thickness oF Portland cement, raised half an inch
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above the top of the cylinder, and forming the bearing surface of
the girders. '

The triangular spaces between the outside main girders and the
outer interior plate girders are filled in with cross girders, riveted
to the sides of the latter, and suspended underneath the former,
and are terminated by cantilevers projecting beyond the face
girders. (Plate 17, Fig. 4, and Plate 19, Fig. 15 These cantilevers
are similar to those outside the main girders of the 154 feet
openings, and like them are placed about 11 feet apart from centre
to centre, thus preserving the uniformity. ‘

The girders of the Fan rest directly on their supports, no rollers
being interposed, excepting underneath the outside main girders,
where they rest on the Middlesex brick pier and abutment; but
the bearings for the interior plate girders on the cast-iron bed-
plate over ﬁe cylinders are planed. e ends of the cylinders on
which the bed-plate rests are also planed.

RoApwAY AND FooTPATH PLATFORMS.

The roadway platform over the o(fenin 154 feet span, consists
of planking 4 inches thick, spiked to longitudinal timbers, 15
inches by 15 inches, placed underneath the rails, and bolted to the

cross girders. The roadway platform over the Fan End, consists
of plan mg 6 inches thick, secured to the interior plate girders, and
to longitudinal timbers spanning the cross girders in the triangular
8 By abandoning the longitudinal timbers in the Fan, over
the shallow interior plate girders, which the arrangement permitted,
additional depth was obtained for these. The footpat.gle platform
on each side consists throughout of planking 6 inches thick, secured
to the top of the cantilevers. e roadwa{ platform is to be
- covered with tar pavement about 2 inches thick, and the footpath
platforms with asphalte 1 inch thick. The longitudinals and the
whole of the planking are creosoted, and the latter is grooved and
tongued with iron, and caulked with tar and oakum. The rails
over the bridge are flat-bottomed, and of the ordinary section. On
the outsidle of the footpath an ornamental railing, of cast
iron, is being fixed. &Plate 18, Fig. 13.) A railing of a pattern

nerally similar will be fixed to the main girders on the inside of
the footpaths, to prevent the railway being trespassed upon.

CoNcLUDING REMARKS,

The first cylinder of the Charing Cross Bridge was pitched on
the 6th of June, 1860. The bridge is on the eve of completion.
Its comstruction will thus have extended over a period o? about
thre¢ years. Some time was necessarily occupied, in consequence
of obstacles tending to retard its completion ; the principal ones
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being, the retention of the Suspension Bridge during the con-
struction of the works, because of the necessity for keeping open
the footway traffic, which has not been interrupted ; the time oc-
cupied in the removal of the Suspension Bridge; and also the
necessity of almost completing several parts of the bridge before
others could be commenced, the extent of staging that was per-
mitted to be in the river at one time being limited.
The total weight of metal work in the bridge will be :

Wrought-iron work, including steel pins . 4,950 tons.
Cast-iron work . . . . . . 1,950 tons.

The total cost of the bridge, including the abutments, will be
£180,000. The superficial area of the roadway and of the foot-
paths being 103,000 square feet, the cost per square foot of
roadway will be about 821 15s.; and the bridge being 1,375 feet
long, the cost per lineal foot will be about £131.

ll’ﬁhe cylinders of the o(Yen'mgs 154 feet span, including the
portions in the ground and the portions above the ground, cost,
when in place, complete in'every respect, and filled with brickwork
and concrete, about £22 per lineal foot ; the outside cylinders of
the piers of the Fan, about £14 per lineal foot; and the inner
cylinders of the piers of the Fan, about £12 per lineal foot. The
average actual cost of excavating the material from the inside of
the cylinders, and depositing it in barges alongside, was about
12s. per cubic yard. This was the case whether divers were em-
Kloyed, or whether the material was excavated when the cylin-

ers were dry, inasmuch as in the latter case the material had
to be lifted to a greater height.

It is probable, that the cost of the main girders would have
been about the same if the sides, instead of being constructed
as they have been, had been composed of a number of lattice
bars, or had been of ordinary plate work. In the last case,
the workmanship would have cost less, but on the other hand
there would have been more metal in the sides than in either of
the two former cases.

Almost all the parts of the Charing Cross Bridge are open to
view, and can be readily reached to be painted, or repaired when
needed.

In conclusion, the Author has only to remark, that his desire
has been to describe the Charing Cross Bridge as it exists, and as
it will be when entirely completed, and the mode of its construc-
tion, without asserting that the design is superior to any other,
or, assuming that, if best adapted to the site where it has been
erected, therefore it would necessarily be equally suitable for any
other similar place. In railway structures the great desideratum
is evidently to plan a work that is appropriate, and that can be
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erected at 8 minimum cost. This has been kept in view through-
out, and the Author believes that Mr. Hawkshaw has succeeded in
designing a bridge that is well adapted to the situation where
it is placed, and for the purpose intended, and its comparatively

cost proves that no outlay has been incurred beyond what
was needed.

The Paper is illustrated by a series of drawings and diagrams
from which Plates 17, 18, and 19, have been compiled.

[ArpENDIX.
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APPENDIX.

Results of Experiments on Plate Iron, of the kind used in the construction of
: the Charing Cross Bridge.

R
Brand L G W
o

Nore.—The whole of the Extensions were taken with an Extensometer up to a
load of 18 tons, when the Extensometer was removed, the remaining Extensions
being taken by compass and scale.

The four Plates operated upon were each reduced to a sectional area of 1 square
inch as nearly as possible, the following being the exact dimensions :—Plate in
Experiment No. 1, 2:04x *51; Plate in Experiment No. 2, 2:04 % *51 ; Plate in
Experiment No. 3, 203 X *51 ; Plate in Experiment No. 4, 2:03x -51.

11 the Extensions were taken after the movement had ceased unless otherwise
noted. The load was applied by an Hydraulic Press connected with Naylor's
Pressure Gauge

Ex lonlnlnchu'ofOneImdFoot. Pummntﬂethg‘chuOIOneunul

Tons. || piate | Plate | Plate | Plate || Plate | Plate | Plate | Plate
No. 1. No. 2. No. 3. No. 4. No.1. | No.2. | No. 3. No. 4.

begins to begins to
2;{ o tond - mbeg:. . estond . . . -
1ns

3 . { begem‘“’nd oginstol .. . . .
10 <010 | +009 | -008 | -009 000 | ‘000 | -000| -000
12 <014 | -010 | -010 | -010 <000 | -000] -000| -000
184 015 | -012 | -011 | -011 <000 | 000 | °000| -000
15 016 | 014 | -0l | -012 001 | -001| -000| -000
16 <025 | 085 | -013 | -015 011 | -021| -002| -001
17 155 ' -150 ' -130 | -180 140 | ‘136 | -116 | -114
18 285 | 255 | -270 | -260 270 | 287 | -252 | -248
19 860 | 330 | 310 | -290 | -360 | -330 | -810| -298
20 450 | 500 | 400 | -860 *450 | 500 | 400 | -360
21 630 | -580 | -540 | 490 630 | +580 | -540 | -490
2D20 -Zgo:a | -3250::: 'Zlﬂz (;fOz . .. . .
223 0y R ey | T - . .
23 | Brokes ! 1-07z . *900 . .

284 .. | Broke . Broke . .

|
@ Are Extensions taken at once. °

y Are Extenslons taken after 2 minutes, when movements had ceased.
2 Extension taken at once was 1-07, the plate breaking after the load had been on 1 minute.

The following are the dimensions in inches of the Plates measured at the frac-
ture after breaking :~—Plate No.1, 1°96x 48 ; Plate No. 2,1:94x '47; Plate
No. 8, 1-98 *48; Plate No, 4, 1-95 x ‘47,
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Mr. G. H. Puiprs said, he had examined this bridge several
times during its progress, and he considered the workmanship was
the finest he had ever seen. 'The finish was more like joiners” work
than ordinary boiler-plate construction. Although the merits of
nearly every variety of girder had been canvassed in the Institu-
tion, he hoped it would not be deemed out of place, or hypercri-
tical, to draw attention to some minutiz of the construction of this
bridge. The form of the upper member of the main girder might
be compared to an inverted trough, but having, besides the
external sides, two other longitudinal plates dividing the trough
into three parts. The top of the trough was of considerable su
stance, but towards the ends of the girder, the external sides were
each 2 feet deep and § of an inch thick. The pins by which the
diagonals were attached to the top of the girder, at intervals of
11 feet from centre to centre, and along the line of which the
pressure was propagated from the ends to the middle, were, he
thought, too low down; being, in effect, about 8 inches below
the centre of gravity of the section of the trough. Wherever the
object was to communicate pressure to any material acting in the
nature of a column, it was important to carry that })ressure along
the line of the centre of gravity of the section; for if this pre-
caution were neglected, flexure must take place. In the Newark
Dyke bridge,' the upper, or compressed member, was made of cast
iron, the strain being carried, a8 it ought always to be, through
the axis of the column. Referring, now, to the Charing Cross
Bridge, the sectional area of the iron at the middle of the second
bay from the end of the girder was not so great, of course, as at
the middle of the girder; but the pressure brought on there by
the diagonals was greater in proportion than it was -in the middle.
If his calculations were correct, it would appear, supposing all the
iron in the section to be compressed, square on, to the extent of
3 tons per square inch, that that pressure was increased, by flexure,
to about 7 tons per square inch on the outside fibres at the lower
edge of the trough. There was no point in the construction to
which more attention ought to be paid, than this agreement of the
line of strain with the neutral axis of the column; and where the
intervals between the points of application of the compressing
force were considerable, in the present case as much as 11 feet,
in which there was room for the column to bend, the matter was
very important. In the Britannia Bridge, where the area of the

upper member was very great, the pressure was brought on by
rivets every 4 inches, and though these were attached quite at the
bottom, the radius of flexure could never be greater than that due

1 Vide Mimutes of Proceedings Inst. C.E., vol. xii.,, pp. 601-611, for ** A Descrip-
tion of the Newark Dyke Bridge, on the Great Northern Railway,” by J. Cubitt.
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to the whole deflection of the bridge. The case was very different
where the pressure was brought on at wide intervals, and the wider
these were, so much the more would be the importance of confining
it to the axial line of the material. He would like to hear the
opinions of other Engineers on this question, inasmuch as if he were
correct in his assumption, that the strain might thus be increased
from 3 tons up to 7 tons on the square inch, on any of the fibres
of the material, it was evidently a consideration that could not be
safely neglected.

r. HEMANS said, he regarded this bridge as one of the most
perfect pieces of ironwork of the kind ever produced. The great
duty each individual cylinder had to perform, from their being so
wide apart, and the great load they had to sustain, under the
severe tests applied, showed that the work had been admirably put
together. There was one part of the structure, however, which
seemed to admit of criticism ;—that was, the mode of suspending the
cross girders, by stirrup-irons, which he thought was not usual;
nor did he observe, in the Paper, that the sectional area of the
rivets attaching the stirrup-irons to the bottom girders was stated.
As a matter of taste, the appearance of the structure would have
been improved, if the bottom line of the bridge had been con-
tinuous, and the ends of the cross-girders had not been shown.
Though there might be a difficulty in making a continuous line,
in consequence of the projection for the formation of the footway,
still means might be devised for uniting the ends of these girders,
80 as to present a continuous line. 'Tbat mode of construction had
been adopted in the little bridge over the ornamental water in the
St. James’s Park; but he thought the effect in that case was not
good. He could not agree in the views which had been expressed,
as to the position of the pins relative to the top and bottom webs,
causing so much greater pressure; because the ultimate thrust and
strain must come upon the top and bottom webs, and could not be
taken as confined entirely to the line of the pins.

Mr. J. M. HePPEL said, it has been truly stated, that no
universal rule could be laid down for the adoption, under all
circumstances, of either continuous or non-continuous girders. In
India be had used the continuous girder, not only for the sake of
economy of materials, but also for convenience of construction ;
because the effect of that plan was to save the necessity for pro-
viding staging, or scaffolding. The girders were constructed in
continuous spans of two lengths each, so that each girder had
three bearings,—one in the centre and two at the ends. These
double-span girders were put together at one end of the bridge,
and were then hauled over to their bearings on the piers. The
rivers in India being subject to heavy periodical floods, the erection
of staging was a difficult matter, and the plan alluded to had been

[1862-63. N.s.] 2™



530 CHARING CROSS BRIDGE.

found to be very advantageous. Ie imagined, in the present
instance, with girders of such magnitude it might be attended with
more difficulty. In the cases he referred to, the spans of the
girders did not exceed 70 feet, or 80 feet. With regard to the
observations of Mr. Phipps, he should have thought the deviation
of thrust from the centre of resistance of the upper member, which
might be considered in the nature of a column, was calculated
to act pred']udicially upon it; at the same time it was but fair to
presume, that the designer of the bridge had kept that point in
view, and would be able to show, that it had been designed
throughout on the best principles.

Mr. JonN CoCHRANE said, it was a matter of some difficulty to
give a verbal description of the drilling-machine, because, though
simple in its action and effective, it was rather complicated in its

. In consequence of the great number of plates in the top
and bottom flanges, Mr. Hawkshaw decided, in order to secure
accurate work, that the rivet-holes should be drilled, and not be
punched out. For that purpose a machine was designed, which was
capable of drilling all the holes through one series of plates, simul-
taneously, as it would have been too costly to have drilled each
hole separately. The result was, that the cost of drilling was less
than that of Eunching; and the cost of three of these machines was
covered by the saving of labour which they effected. The main
girders had a camber of 4 inches in the middle. This was not
obtained in the ordinary way, by variation in the lengths of the
diagonals, but by drilling the holes in the plates of the to‘P flange
with a pitch of 4 inches, and in the bottom with a pitch of 3995
inches. Of course great mechanical accuracy was necessary to
secure so small a variation, but when the girders were erected, the
camber was perfect.

Mer. F. J. BRAMWELL remarked, that they owed a great deal to
the President for having decided that the holes should be drilled,
and to Messrs, Cochrane for designing the machinery which made
it practicable in a commercial point of view. Nothing could be
more barbarous than punching the holes. It was a process that
destroyed the iron ; it was, generally speaking, inaccurate ; and it
fendered uncertain what portion of the iron carried the strain. It
could not be too generally known, that good workmanship was
alviv&ys the cheapest.

r. J. Scorr RusseLL, V.P., said, that before seeing this bridge,
he had been in favour of that more simple process which approached
nearer to ship-building and to ordinary girder-building; but the
workmanship of this structure appeared to be more of the nature
of fitted and finished engine work, and therefore likely to be on
the whole more costly, than a simple lattice, or girder bridge. It
did not, however, appear, from the actual prices given, which he
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hoped had been satisfactory to the contractors, that the cost of the
bridge was greater than that of a lattice, or a girder bridge;
while the workmanship was, in accuracy and precision, greatly
superior to anything usually met with in such structures, The
success of the plan for drilling rivet-holes had certainly been com-
plete. The general design and organization of the work had enabled
this accuracy to be attained ; but unless a bridge was systemati-
cally designed, so as to admit of the easy application of this system,
it might turn out to be dear and unsatisfactory. He should like
to hear the reasons which had caused the principle of continuity in
the girders not to be adopted to the full extent. He had so higha
sense of the value of continuity, that unless the local difficulties
were considerable, and the special advantages of an opposite course
were very strong indeed, he should in all cases make such a bridge
as this continuous. So far as he understood Mr. Phipps’ remarks,
he agreed with them in principle, he could not say in measure,
because he had not made the necessary calculations. He quite felt
that the pins which terminated the parallelogram were a great
way from that part of the upper web which did sustain the strain,
and that before the strain was conveyed to a sufficient quantity of
that section, the pins themselves would undergo a strain nearly
double that which the top of the girders would ultimately have to
sustain as a mean of the whole. No doubt there was some
explanation for that, and he only repeated his impression of the
correctness of that statement, in order to elicit from Mr. Hawk-
shaw a full narration of all the circumstances. Possibly it might
be said, that the parallelograms, as constructed, took off so much
of the strain, that there remained only a comparatively small
strain between point and point.

Mr. E. A. CowPER observed that if,"as he imagined was the case,
in the last bay there was a thick joint to receive the last pin; and
that bay was stiffened, to a considerable extent, with plate, so that
instead of the line of thrust being horizontal it might with safety be
slightly inclined, there could be no objection to the construction.
He should be glad to know how the proof weight of 400 tons, for
one bay of 154 feet, had been arrived at. It was an excellent
proof weight for a girder sulpporting two lines of rails, as it
amounted to nearly 11 ton per lineal foot on each line, and locomo-
tives frequently weighed 1 ton per lineal foot, or even a little more.
He thought all bridges ought to have ample strength to cm-r{; a
crowd of people; and the public had a right to be informed, what
proof weight was adopted, by the Government Inspectors, for
proving common road bridges, such as those at Westminster and
at Lambeth. He had tried the weight of a number of labourers,
by weighing each man individually, and then by measuring the
exact space they occupied when standing close togeéher,Qas in a

M
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crowd, when he found their collective weight was fully 140 1bs. per
square foot; therefore in designing bridges of large and small
spans, he had taken 140 lbs. per square foot as the poesible load.

e was, however, aware that from 60 lbs. to 80 lbs. was often taken
as a test load, but that was far below the weight of a crowd of
able-bodied men.

Mr. R. MALLET remarked that, during the building of Buck-
ingham Palace, Mr. Nash ascertained the greatest poesible load
of human beings that could be brought upon a %Even space, with
reference to the so-called fire-proof floors of the Palace. Within
a hoop, he thought of about 20 feet diameter, as many men were
caused to stand as could be wedged into it, the last men being
lowered down amongst the others. The result l§awe a load of
120 lbs. per square foot. The particulars of that experiment
;o;ﬂd be found in the blue-buok relative to the floors of that

alace.

Mr. HAYTER stated, that 70 lbs. per square foot was probably
the maximum living load that could be crowded on a given space.
It was not important to determine this with accuracy, as regarded
the Charing Cross Bridge, inasmuch as the side footpaths were
the only public thoroughfares across it, and the load on these
would be insignificant, when compared with the load that could
come on the bridge, if the four lines of railway carried by it were
weighted. He might, however, mention, that Messrs. Cochrane
and Co. had tried an experiment, selecting for it the tallest and
most muscular men in their establishment, and the result proved
that the above estimate of 70 1bs. was ample.

In answer to the inquiry as to the amount of strain on the rivets
by which the angle-irons carrying the cross girders were attached
to the main girders, and also the amount of the strain on the
rivets uniting the cross girders to these angle-irons, he would
remark that this—which would be a direct shearing strain—would
amount to about 3 tons per square inch. This would be the case,
assuming a moving load s;} heavy locomotive engines packed
closely together on the four lines of railway, and the footpaths
simultaneously crowded with people—an excessive assumption,
inasmuch as it was iuconceivable that such an occurrence could
ever hagpen by mere accident.

Mr. F. W. SHEILDS said that, with respect to placing the pins
in the centre of the section of the top flange, alY his experience
convinced him, that such a construction, however plausible, was not
calculated to obtain the best results from the iron. He believed
that the greater part of the section should be at the top of the
flange, where the strain was most severe, as in dealing with iron
the object was to prevent the commencement of fracture. It was
sufficient, therefore, in all such cases, to provide that the pin
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which attached the diagonal brace to the flange should have
sufficient section of flange underneath it to prevent the pin from
tearing away from the flange; and if that were done, the pin
might be trusted with safety to distribute the compression along
the length of the flange. It appeared that the amount of pres-
sure, 8 tons per square foot, upon the clay bottom in the cylinders,
was somewhat unusual. In his own practice, unless the clay
was indurated so as to approach the nature of shale, he should
bardly think of exceeding I or 5 tons per square foot. No doubt
the results of the severe tests which had been applied to the
Charing Cross Bridge were the best proof of its solidity. With
regard to the workmanship of the girders, he could also bear his
testimony, that he never saw so accurate and well-finished a piece
of work of the kiud.

Mr. HawgsnAw,—President,—said, the weight that could be
put upon London clay'would depend upon the point where the
weight was placed. All geologists knew, that if London clay was
penetrated to a sufficient depth, it was capable of carrying a very
great weight, much more, in fact, than he had put upon it,
although the clay near its surface could not generally be loaded to
that extent. With d to the observations of Mr. Phipps, he
a{reed that it was desirable the pins should be, as nearly as Yos-
sible, in the line of the centre of gravity, but practically, in all plate

irders, it was difficult to do so. In the case of the Charing Cross

ridge, there must be room for the pins, which were 8 inches in
diameter, and for the upper portion of the diagonal bars, which
were large forgings. Care was taken to provide sufficient strength
in the web, through which the pins passed, to avoid mischief.

With reference to the loading of the cylinders, the first two
were tested with 700 tons each, and the others with 400 tons each ;
the greater load was not continued, as it was a tedious, and rather
dangerous, process to build up a solid cube of rails 22 feet square,
upon cylinders 10 feet diameter, before any stays were attached to
them ; and it required careful balancing to make the experiment.
In applying the load of 700 tons upon the cylinders, as it was neces-
sary to prevent the weight bearing on the castings, spruce deal
planks, 3 inches in thiciness, and having together a (fiameter of
rather less than 9 feet, were laid upon the top of the brickwork
in the cylinder. The upper surface of these planks was about
2 inches above the edge of the cylinders, and on this surface a
thin stratum of cement, nowhere exceeding 1 inch in thickness,
was carefully laid, to receive first flat-bottomed iron rails, and
then other rails laid crossways, and so on, until the cube of 22 feet
was built up. When the rails were taken off, there was not the
slightest crack in the cement, and the spruce deals looked as if
they had not carried any weight. He was surprised to find so
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thin a layer of cement, placed on an irregular surface of wood,
carrying so great a weight, without a trace of the work it had
performed. He gave up the continuity in the construction of the
girders with some reluctance. At one time it was thought that
the girders might be constructed singly, and be lifted into their
places. 'Then, in order to carry out the system of drilling, instead
of punching, the plates, he was desirous of simplifying the plates
as much as possible. The whole bridge consisted of a repetition
of a few forms; two sizes of plates, with a given number of holes
in each, being all that was required for a large portion of the
structure. By means of the ingenious machine designed by
Messrs. Cochrane, for drilling the plates, much better and stronger
work had been obtained. The drilling was executed with very
remarkable accuracy. He saw plates of the same description piled
one upon another z)r a height of 6 feet, and the accuracy of the
drilling was such, that on putting the finger into the holes, or
looking down them, they appeared nearly as smooth as the inside
of a gun-barrel.

As to the agpearanoe of the ends of the suspended croes
irders being objectionable, when the footway was completed that
efect would be removed, as the ends would then be hidden from

view. He had been found fault with for assuming so much as
80 1bs. per square foot, as the weight of a crowd of buman
beings. French engineers, and others, were said to be content
with 501bs. to 601bs. per square foot: but he was satisfied with
801bs. per square foot,—not that it had much to do with his
calculation, because the test on this bridge would be chiefly
locomotives. He was bound to say that the work had been
executed by Messrs. Cochrane in a very accurate and creditable
manner.

Mr. J. Scorr RusseLL, V.P., remarked that in the bow and
string bridge erected over the new street at Southwark, for the
Charing Cross Railway, the top and bottom members were similar
to those of the parallel girder bridge over the Thames at Hunger-
ford ; but in the former case the points of support of the diagonals
were even farther away from the centre ofP gravity of the cross
section at the top, than in the Charing Cross Bridge; so that
the defect pointed out by Mr. Phipps, if it really was a defect,
was carried to a greater extent in that structurc. However, in
the bow and string bridge, the uprights and the diagonals
had much less to do; indeed, from the ends being filled up solid,
he thought the Engineer intended that the work should be
done by the top and the bottom members, the diagonals merely
keeping the truss in shape. If that were so, no doubt the con-
struction was right; and in this case. with proper proportions,
the work would undoubtedly be duly performed. Now, in
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the case of the Charing Cross Bridge, the top and the bottom
members each consisted of a three-sided box, one of the three
sides of each being composed of a large mass of plates, the
uprights and the diagonals being at a considerable distance from
the centre of gravity of the cross section of the top and bottom
members, and the truss being filled up solid at both ends. There-
fore, what had, in his opinion, to be determined, was the share of
the work which the uprights and the diagonals took. If these were
expected to bear a great part of the burden of the work, then he
could agree with Mr. Phipps, that the points were too far removed
from the centre of gravity of the top and bottom webs, and there-
fore from their work, and that a heavy strain would come upon
them. If, on the contrary, the top and bottom were eo firmly
fastened, as in this case, 't-gat they might be depended upon to do
the major part of the work, then the diagonals and. the uprights
were mere stays to keep the truss in form, and the evil likely to
arise from the displacement, so to speak, of the centres of action,
was not great; and Mr. Sheilds would, under such circumstances,
be ﬂerfectly right in saying, that the points of attachment should
be kept from interrupting the continuity of the top member, and
that it would be preferable to cut the flanges at some distance
from the centre of gravity of the cross section, than in any way to
interfere with their continuity.

Mr. Puipps thought the question he had raised was of sufficient
importance to justify a closer examination; especially as the
opinion seemed to be entertained by some Members, that although
his theory might be correct, yet very little effect would be pro-
duced upon the bridge from the cause referred to. For the sake
of brevity, his remarks would be limited to the upper, or com-
pressed, member of the girder, although it was obvious that similar
reasoning would apply equally well to the lower, or extended,
member. The effect on the former, however, was well understood
to be the more detrimental of the two. The calculations applied
to the upper part of the girder, in the second bay from the end, at
A B, Fg. 1, page 536. With a distributed load of 700 tons on one
girder, including the weight of the girder itself, the pressure on the
upper member in the first bay would be 175 tons, and in the
second bay 475 tons, leaving 300 tons of pressure to be brought
on to the intervening pin by means of the Siagonals. It was not
easy to determine at what height above the centre of the pin this
pressure of 175 tons was transmitted from the first bay to the
second ; but he had assumed it as being very near to the top part
of the compressed member, which he had reason to believe was not
far from correct. With these data, the resultant of the pressure
at A, of 175 tons, and at B, of 300 tons, was 475 tons at C,
Fig. 2, a point. situated 3-6 inches below the line of the centre
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of gravity of the section. Fig. 5 exhibited the manmner in which
this force of 475 tons operated to produce detrimental pressure
on the outer fibre of the iron at M. The method of ascertaining
this had occurred to him two years aﬁo, when studying the strains
upon iron arches, in cases where the curve of e?uﬁibrium had '
travelled away from the line of the.centre of gravity. It
depended upon this axiom, that whenever a prism of any elastic
material was compressed by a force on some line not corresponding
with its centre of gravity, flexure must take place, and that
to such an extent as would remove the centre of resistance from its
original situation until it was perpendicular beneath the force
applied. Now, the force of compression on the prism, when applied
over the centre of gravity of section G, Fig. 5, might be repre-
sented by the content of the solid intercepted between two parallel
&lanes AE and CD. If the compressive force be removed from
to H, in the line of the arrows, the flexure which would
ensue might be represented by a certain amount of angular motion
of the plane AE‘-M, around the centre of gravity G. Bg a
property of the centre of gravity, any angular movement around G
would generate solids of equal magnitude, G AB and GEF, on
contrary sides of the centre, and these represented equal forces.
Now if I, and K, were the centres of gravity of these solids, then,
in order that the point H should become the centre of gravity of
the solid F B C D, the solid AC DE into G H must be equal to
(GAB x GI)4 (GEF x GK). When this condition was fulfilled
Hlexure would cease, and H would be the true centre of resistance
directly opposed to the compressive force. If E D be laid down
from any scale of equal parts, as equal to the pressure in tons
on the square inch, then LM would represent the additional
brought on the outside fibre of the iron, on account of the
flexure, and A B would represent the diminution of pressure
on the uppermost fibre. :
. Applying this to the Charing Cross Bridge, and calling—
a=the area of the whole section of

the girder . . . .= 16125 square inches.
b=the total pressure . . .=475  tonms.
o = the pressure on the square inch .= 294 ,,
d=the solid ACDE=axec . .=475 .

e = the solid G A B.
‘{ = the solid GEF.
G . . .

, = 386 inches.
I K . . . . . = 1637
G E = the average depth below G = 1775
G M = the full depth below G = 1925

t=the aggregate thickness of the
four vertical plates . = 325
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dxG H_475x36

Then f= 1K =163 - 104 - 4,
and in consequence of GEF being a triangle
1044 _ 1044 .

FE-—— ~Trmsxiee™ %

G EX§
LM=FEx108=363x108=3"92.

LM 3-92
A B=—§'.—2=W=1‘2, , .

Thus, then, the square on pressure=E D=2'94 tons on the
inch.

The pressure on the bottom fibre=E D4-LM=2-9143-92
= 6-86 tons on the inch.

The pressure on the upper fibre=AC~A B=2-94-1-2=
174 ton on the inch.

Mr. HawksaAw,—President,—thought that Mr. Phipps’ ob-
servations on the Charing Cross Bridge were sound. It was clear
that the diagonal strain on that bridge must be transmitted from
one pin to another, along the top and bottom members of the
bridge ; and the nearer those strains passed along the line of the
centre of gravity of those members the better. He did not how-
ever , that in boiler-plate brid this desideratum was
secured by the closeness of the rivets which connected the sides to
the top and bottom. He believed the objection applied with
more force to many of those bridges than to the Charing Cross
Bridge. The girders of the Charing Cross Bridge were so designed,
that the diagonal strain at the ends of the girders, if passed from
pin to pin, through the vertical webs only, could produce no
injurious effect, for the vertical webs at those points were made
very strong ; and the diagonal strains at the centre of the bridge
were so small, that the vertical webs at that point also were
stronger than necessary for the mere transmission of the vertical
strains. Mr. Scott Russell had, in discussing this point, compared
the Charing Cross Bridge with another bridge which. was
being erected over the new street in Southwark. But that bridge
was constructed on_totally different principles. It was in fact
an arch, and Mr. Phipps’ observations could not apply to it.
It followed the same laws as any other arch, the weight being
merely suspended from, instead of being placed upon, it.
The bottom web was substituted for fixed abutments, and
it also served to stiffen the roadway and to distribute the
load. In that bridge the diagonal braces might be taken away,
and still the bridge would stand. They were, however, of use
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in assisting to distribute the load, and to provide, to some
extent, against flexure in the arch. For with loads unequally
distributed, all iron arches were subject to flexure. This accounted
for the small strain per ton which, it had been observed, was
usually placed upon iron arches. If those arches could always be
uniform}J loaded, the whole would be put in compression; but
light malleable and cast-iron arches, with heavy rolling loads, were
subject to compression in some parts, and to extension in other
parts; and thus it ha{)pened that a considerable ‘portion of the
cast-iron arches usually erected were not always available in
resisting compression, and hence frequently not more than 14 ton
to the square inch, having regard to their whole sectional area,
was placed upon them. In some cast-iron bridges subjected to the
rolling load of a railway, probably not one—half?he section of the
rib would be brought into compression.
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May 5, 1863,

JOIIN HAWKSHAW, President,
in the Chair.

The following Candidates were balloted for, and duly elected : —
JoHN BLouNT and Captain ViriATO DE MEDEIROS, as Members ;
Epwarp ArpLETON, Captain FrANcCIS JoEN BoLToN, and ROBERT
TrerFusis MALLET, as Associates.

No. 1,091.—¢ American Iron Bridges.” By Zeram CoLBURN.

IN the United States, the first cost of the truss, or ¢ superstructure,’
of a timber bridge of any given span is generally less than one
half that of an iron bridge of the same stren%th. This fact will
account for timber bridges having been so largely adopted in
America. Iron was occasionally employed there as long ago as
1835, but it is only within the last ten or twelve years, that it has
been used to any considerable extent. At the present time, it is
generally admitted by American Engineers, that the original
cheapness of timber structures does not compensate for their rapid
decay, their frequent destruction by fire, and the constant repairs
and watching which they demand.

Among the earliest iron bridges erected in that country were a few
cast iron tubular arches, including one of 80 feet span. The design
of these was due to Major Delafield, of the United States Engi-
neers, who adopted them at about the time when somewhat simi
arches were employed in France, by the late M. Polonceau, in the
construction of the Pont du Carrousel, over the Seine. Major
Delafield’s arched ribs were elliptical in section, the transverse
vertical axis being about four times the length of the conjugate
axis. In 1858, an aqueduct bridge was erected at Washington
by Captain Meigs, of the United States Engineers, who used for
this work two arched ribs formed of water-pipes, through which
the water flows, the pipes being circular in section, as that form
encloses the greatest quantity of water with the least amount of
iron. (Plate 20, Fig.1.) The span of this bridge is 200 feet, the
rise being 20 feet ; and the width of the bridge over all is 28 feet.
The pipes are 4 feet in diameter inside, and 13 inch thick. They
are lined with staves of resinous pine, 3 inches thick, to prevent
the freezing of the water. The pipes are not cast to the curve of
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the arch, but are in straight lengths of about 12 feet, with flanged
joints, faced in planes parallel to the corresponding radii of the
arch. At the skewbacks, the ends of the pipes are faced to large
conical bases admitting the water, and resting upon the masonry.
There is no allowance for expansion, or contraction. The road-
way is of timber, supported on spandrils formed of rolled wrought
iron beams 9 inches deep, and weighing 90 Ibs. per yard. The
bridge was tested with the arched rbs filled with water, and with
a load of 125 lbs. per square foot upon the roadway. The weight
of each arched rib, when filled with water, is about 160 tons;
that of the spandrils of each rib and of one-half of the roadway is
about 30 tons ; while the test load was equal to about 160 tons on
each half of the roadway; making the whole weight about 350 tons
on each rib. The thrust of one-half of this weight upon each
abutment would be about 470 tons, and as there are 2384 square
inches of sectional area of iron in the pipes, this would correspond
to a strain of about 2 tons per s?uare inch. This strain, while it
includes that due to the weight of the water in the pipes, is exclu-
sive of that due to its pressure. The pipes were proved to a pres-
sure of 300 1bs. per square inch.

Major Delafield’s and Captain Meigs’ bridges are, so far as the
Author is aware, the only iron arches yet completed in the United
States ; unless the application, in 1849, of a light cast iron arch to
each side of a timber truss, of 133 feet span, on the Pennsylvania
Central Railroad, may be regarded as another instance. A road-
way bridge, with two cast iron arched spans of 185 feet each, to
cross the Schuylkill River at Philadelpha, had been designed by
Mr. Strickland Kneass, C.E., and was about being let to contract
when the Author was last in America. The rise of these arches
was to be 20 feet, and the whole width of the roadway and of the foot-
ways 42 feet. Each arch was to be formed of seven ribs segmental
to a circle of 224 feet radius, and of a uniform depth of 3 feet
6 inches; the top and bottom flanges were to be 8 inches wide
and 3 inches thick, the web 2} inc%: thick, and the whole sec-
tional area of each rib 138 square inches. The thrust at the
skewback of each rib, including that caused by the weight of

he spandrils, cast iron floor-plates, 6 inches of gravel, a granite
paving, and a load of 70 lbs. per square foot of the roadway, will
be 217 tons, equal to 1°63 ton per square inch of the section of the
rib. In addition to diagonal bracing of cruciform section, the ribs
are to be tied together at fourteen points in their length, by round
wrought iron rods, enclosed in cast iron distance pieces. The
spandrils are to be upright posts, 4 feet apart from centre to centre,
cruciform in section, and having each 28} square inches of cross
sectional area. Some ornament is contemplated upon the bridge,
but the violation of symmetry, involved in tl;e adoption of an even
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number of arches, would alone prevent its consideration as a work
of art.

But- few simple, or compound cast iron girders are in use
as bri in America; and the instances already given include,
it is believed, nearly all the cast iron bridges in that country, with
the exception of a few cast iron pivot bridges, and perhaps oue, or
two ornamental bridges in the Central Park at New York. Long
accustomed to trussed timber bridges, American Engineers, in
adopting iron, naturally employed it in trusses also ; and, with the
exception of the tubular and plate girder bridges erected under
the direction of English Engineers in Canada, there are but a
small number of plate iron bridges in America. The first was
constructed in 1846, and was erected in place of an old timber
briczﬁe in 1847, by Mr. James Millholland, then the Engineer
to the Baltimore and Susquehanna (now the Northern Central)
Railroad. This was 50 feet span, and the girders were each
formed of two sides of plates } inch thick and 6 feet in depth,
a balk of timber 12 inches square being bolted, as a compres-
sion member, between the sides at the top, which was further
stiffened by two wrought-iron bars, 5 inches deep and § inch thick ;
while four bars, eacE 5 inches by # inch, were riveted along the
bottom of each girder. The sides of each girder were stiffened by
stay-bolts %hinch diameter, enclosed in cast iron distance pieces,
and 12 inches apart from centre to centre. The centre of each

irder was placed exactly under the rails, which were spiked to

e timber forming the compression member of the girder. The
breaking strength of the {mr of girders would be equal to about
250 tons of distributed load, the weight of the bridge being
14 tons. When completed, this bridge was coupled at each end
to a railway waggon; a temg:rary timber truss, resting through
transomes upon the waggons, being erected over the bridge, which
was then raised clear of the ground, and slung by chains to the
truss. (Plate 20, Fig. 2.) A locomotive was next attached, and the
bridge was thus taken 19 miles down the line, from Baltimore to
a stream known as Carroll’'s Run. The plate girder bridge was
run exactly over the place it was intended to occupy, the wheels
of the waggons were blocked, and some large screws were set
up, to lower the bridge from the trussing by which it was sup-
ported. The existing timber bridge was then cut away into the
stream below, and the girder bridge was lowered into place with
the permanent way ready for traffic. The temporary trussing
was next taken apart and piled upon the waggons, the engine cross-
ing the bridge to pick up one ofP(i):bem, and then returning home ;
the whole interruption to the traffic not exceeding two hours.
Mr. Millholland afterwards erected a bridge of similar construc-
tion for ordinary street traffic in the city of Baltimore. This

%
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latter bridge had four girders, 85 feet long, only 4 feet deep at the
centre, and 3 feet deep at the ends. r. Herman Haupt, C.E,,
subsequently erected several boiler-plate bridges, of somewhat
different construction, upon the Pennsylvania Central Railroad.
Before describing the various forms of iron truss bridfges adopted
by American Engineers, it is proper to give gsome information as
to the strength l:)%‘American iron. Exact data upon this point can-
not easily be obtained ; for, unfortunately, the practice of imposing
a test of breaking strength, upon the iron supplied by contractors
for large structures, has not been adopted in the United States.
The Government there have, however, for many years caused
careful experiments to be made upon the iron employed for, and
"iPon samples cut from, guns cast for the coast and naval defences.
he iron employed generally has a tensile strength of from
5 tons to 6} tons per square inch in the crude state, or pig-iron.
On melting this iron, however, it is kept for some time in fusion,
and the first castings generally have a tensile strength of abous
9 tons per square inch. For guns, the iron is now always
re-melted, sometimes for the third or fourth time; and at.each
melting it is retained for from one to three hours in a state of
fusion before being poured. This is done in an air-furnace, or,
in other words, a furnace in which the fuel is burnt on a sepa-
rate grate, and only the natural draught is employed. By this
treatment the iron is decarbonised to a considerable extent, and
its toughness is greatly increased. Iron of the second melting
often has a tensile strength of 13 tons,.and that of the third melt-
ing of 15} tons. These may be given as about the mean of a
number of experiments made by Major Wade of the United
States Ordnance Board, and published, in 1856, in a quarto
volume entitled “ Reports of Experiments on the Strength and other
groperties of Metals for Cannon. With a description of the Machines
or testing Metals, and of the Classification of Cannon in Service.”
The strongest cast iron tested by Major Wade had the great
tensile strength of 20} tons ; samples cut from one hundred gun-
heads had a mean tensile strength of 14-9 tons; a large number
of proof bars in another case had a mean strength of 16-23 tons;
and in the case of a 10-inch gun, cast hollow, upon Lieutenant
Rodman’s process, the mean tensile strength of thirty-eigltnt samples
was 16-875 tons, the strongest sample having a strength of 19-83
tons, and the weakest 15-275 tons. In another case, the mean
strength of fourteen pigs of iron in the crude state was 566 tons,
while that of twenty-seven guns cast from these pigs and
others from the same furnace was 1575 tons, the guns having
been cast only after the metal had been three times melted, an
kept in fusion from one to three hours at each melting. There
appears to be but little iron in any American cast guns of a less
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tensile strength than 11 tons per square inch; and in 1851, the
Author himself saw portions cuts‘}rom 1l-inch guns, weighing
6 tons 15 cwt., tested up to 16-14 tons. Major Wade also
tested the transverse strength of a large number of gun irons
The trials were made upon bars 2 feet long and 2 inches
square, supported on knife edges 20 inches apart. The results
may, however, be reduced to the standard to which English
Engineers are most accustomed, that of a bar 2 inches deep
and 1 inch wide, resting on supports 3 feet apart. Thus re-
duced, the transverse breaking strength of a large number of
samples of re-melted iron, made from pigs cast at five different
furnaces, varied from 273 cwt. to 48'1 cwt., the general strength
of the samples being 34 cwt. Major Wade also gives the
crushing strength of the irons upon which he experimented, the
minimum being 37§ tons, and the maximum 774 tons. It should
be observed that, by re-melting and protracted fusion, the specific
gravity of the iron is raised from 69 in some cases to 74, or from
a weight of 430} lbs. up to 4615 lbs. per cubic foot.. A Com-
mittee of the Franklin l)Institul:e made a series of experiments
twenty-five years agv, from which it appeared, that the mean
tensile strength of a large number of specimens of cast iron poured
at the first melting was 9} tons; and the iron employed by
the Philadelphian ﬁngineers now bears from 7-14 toms to 102
tons. Mr. Albert Fink, C.E., in testing the iron employed, in
1858, in the construction of a large bridge, on the line of the
Louisville and Nashville Railroad, adopted of the sizes upon
which Mr. Fairbairn had experimented, viz., 5 feet long and
1 inch square, placed on supports 4 feet 6 inches a Mr. Fink
adopted, as his minimum transverse breaking weight, a load of
550 lbs. in the centre. From a published statement which he
afterwards made of the results, it appeared that the mean breaking
weight was 610 Ibs., and the highest 728 1bs. Reduced to bars
2 inches deep and 1 inch wide, placed on supports 3 feet apart, the
minimum breaking weight was 29} cwt., the mean 3268 cwt.,
and the highest 39 cwt. This iron was a mixture of two-fifths
cold blast, two-fifths hot blast, and one-fifth scrap. Without the
scrap, Mr. Fink says his bars would bear but 500 lbs., equal to
268 cwt., when reduced to the standard already referred to.

Of wrought iron, the experiments made by the United States
Board of Ordnance gave a tensile strength ranging, with different
specimens, from 17 tons to 33:3 tons square inch. Experi-
ments made twenty-five years ago, by a gmmittee of the Franklin
Institute, gave a mean strength of about 26 tons for plate iron.
At the present time 27 tons is generally expected of American
boiler plate. Mr. Roebling, in his last Report to the Directors of
the International Bridge Company, for whom he designed and
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constructed the -Niagara Suspension Bridge, details some experi-
ments upon cold blast charcoal iron, the ultimate strength of
which he gave as from 31} tons to 8571 tons per square inch.
Bars of this iron, after lying in a winter’s night at a temperature
hardly above zero of Fahrenﬁeit, were suddenly put under a strain
of 20} tons per square inch, with which there was no visible
stretching. They were then struck violently with a heavy iron
bolt, and only broke after a considerable number of blows. Pro-
fessor Walter R. Johnson, by whom most of the Franklin Insti-
tute experiments were conducted, has tested iron bars, from the
Lake Superior district, to the extraordinary tensile strength of
39-99 tons. In the year 1859, Mr. Albert Fink tested three bars
of iron which had beeu in use for between seven and nine years,
under full loads as tension bars in some of his bridges on the
Baltimore and Ohio Railroad. One bar, 14 feet 6 inches long
and 2 inches by %}incb, bore 30-61 tons per square inch; another
bar, 12 feet 8 inches long, and 1-46 incEeby 06 inch, bore 30-28
tons per square inch; and, a third bar, 13 feet long and 1-62
inch in diameter, broke at a weld with 241 tons per square inch.
All these bars, it is to be remembered, had for an average of eight
years been subjected to repeated strains of about 53 tons per
square inch, in addition to the effects of severe frosts, vibrations,
&c. Mr. Roebling, a few years ago, removed 30 tons of
hammered charcoal bars from the old Monongahela Bridge at
Pittsburgh, and notwithstanding that they had been in severe
service for thirty years, he reported that every bar would bear
a strain of nearly 27 tons per square inch, or, in round numbers,
60,000 Ibs. This strength was ascertained also in the case of
the plates of locomotive boilers, after thirteen years’ work, on
the Baltimore and Ohio Railroad. From what has been stated
it will be seen, that American Engineers may work up to rather
higher strains than are commonly allowed in this country. The
ualities of the best American iron—known here to some extent
through the Acadian iron, which, although made in Nova Scotia,
is of the same quality as the best class of cold blast charcoal iron
made in many parts of the States—are due to the purity of the
ore and of the fuel employed in the manufacture. The hot"blast
antbracite iron, largely made in the Eastern States, is also strong
and of good working quality.

On the first adoption of iron for railway bridges, American
Engineers permitted high working strains. e bridge of 66 feet
span, which broke down in the summer of 1850, on the New York
and Erie Railroad, bad but 12 square inches of cast iron in the top
chord, and but 4 square inches of wrought iron, weakened by bolt
holes, in the bottom chord, of each truss for a single line. The
ordinary working strain was found to be about 13-4 tons per square

[1862-63. N.s.] 2N
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inch of the wrought iron. The best present practice in America
i8, however, to work the iron to as low, if not a lower strain than
is allowed even in England ; or, in bridges of less than 150 feet
span, to a tension of 8,0001bs., or 857 tons per square inch of
wrought iron, and a compression of 10,000 Ibs. or 446 tons per
square inch of cast iron. l])Elven these moderate strains occur only
under a load of 3,000 lbs., or 1-34 ton per lineal foot of a single
line bridge. This load is estimated to be made up as follows:—
A span of 150 feet is assumed to be covered by two first-class
locomotives with a snow plough attached, the latter weighing
about 15 tons, and with two and a half eight-wheel loaded
waggons, the whole weighing 108 tons, or 1,600 lbs. per runni
foot. To this is added an estimate of the weight of satura
snow, equal to 6 inches in depth of water, or 30 lbs. per square
foot over the whole floor of the bridge. The pressure of a high
wind against the bridge and the train upon it is furthermore
estimated at 30 Ibs. per square foot, and resolved into a_vertical
strain of nearly 600 lbs. per lineal foot; and a further allowance
of 2001bs. per lineal foot 18 then made, upon the supposition that
the breaks upon the -tenders and goods waggons are all applied
while the train is in motion, thus throwing a strain upon the chords
of the brid

Of the iron trussed bridges about to be described, all have, in
common, certain peculiarities distinguishing them from the trussed
structures adopted in this country. In almost every case the
compression members of American iron trussed bridges are of cast
iron cylindrical or octagonal pi These simply abut, end to
end, against each other; and although means are employed to

revent lateral motion of the ends, flanges and bolts are never
mtroduced for that purpose. Another, and one of the most
important peculiarities is the depth of truss employed, a depth
which is seldom adopted by English Engineers, except in a few
instances, as at Chepstow and at Londonderry. Awmerican Engineers
consider a depth of one-eighth, for spans of 200 feet, as only
moderately deep; for shorter spans depths of one-seventh and
one-sixth are common ; and in the case of one bridge of 120 feet
clear span, the depth from the centre of the top to the centre of
the bottom chords is 23 feet, a proportion of nearly one-fifth the
span. It should, however, be observed that, in some of the

merican trusses, the arrangement of the tension members is such
that, if the depth of truss were not considerable, the diagonals
would be inclined at hardly more than 8° or 10° from a horizontal .
line, in which case a very large quantity of material would be
employed in proportion to the supporting power obtained. No
American iron, or timber bridge 1s ba.lﬁisted With the ex-
ception of a plank footpath, the floor is, indeed, very often left
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uite open, or more correctly speaking, the bridge has no floor.
?n the case of bridges having the rails at, or above, the level of
the top chords, known in the States as ¢ deck bridges,” parapets of
any kind are seldom employed. The trusses are often placed at
so short a distance aia.rt, in the case of deck bridges, that the
carriages actually overhang the sides, and a passenger on looking
out :f a window, is unable to discover any support beneath the
train. In no bridges of two or more spans erected in the States
are the trusses made continuous over a pier, each span being
always treated as a bridge by itself.

One of the earliest iron trusses adopted in the States was a
trellis known as Rider’s bridge. Cast iron T or angle irons were
employed in compression, and wrought iron bars in tension.
‘These bridges were so slightly proportioned, that they occasionally
broke down, and the Author is not aware that the plan is now
adopted in new structures.

he Whipple Bridge was introduced by Mr. Syrene Whipple,
C.E, in 184& and has since been improved in detail by K‘lr.
J. W. Murphy, C.E. Drawings are ex}l))ibited of one of these
bridges of 125 feet span, with the railway supported ‘on the
lower chords (Plate 20, Fig. 3), and of another of 86 feet span,
with the railway on the top. (Plate 20, Fig.4.) These spans are
measured from centre to centre of the bearings on the abutments,
the clear spans between the masonry being 120 feet and 80 feet
respectively. Referring to the 125 feet span, for a double
line, there are three parallel trusses, the outer trusses being each
14 feet from the middle truss, measuring from centre to centre,
Although the middle truss may possibly have to bear an occasional
load equal to that on both the other trusses, its strength is only
about one-half greater than that of either of the outer trusses.
The depth of the trusses, from the centre of the top to the centre
of the bottom chords, is 23 feet, or 0184 of the span. The
top chord is formed of cylindrical cast iron pipes, all of which
are 8 inches in external diameter. At the centre of the middle
truss these are l% inch thick, giving 26} square inches of section; -
at the centre of the outer trusses they are 1 inch thick, giving
22 square inches of section; and at the ends of both trusses, they
are § inch thick, giving 17 square inches of section. The leaning
end columns are 8 inches in external diameter at the ends, 9 inches
at the centre, and £ inch thick, and are stiffened to some extent
by mouldings. The bottom chord of each truss is formed by a
chain of square bars, 10 feet 5 inches long between the centres of the
eyes. At the centre of the middle truss there are four of these bars,
2% inches square, giving 33 square inches, and at the ends two
bars 2} inches square, giving 9 square inches. The outer trusses
bave four bars, 2} inches square at the centre of eacgl bottor

: 2N
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chord, equal to 25 square inches, and two bars 17 inch square at
the ends, equal to 7 square inches. The upright cast iron posts
are all 6 i:ghes in external diameter, and $ inch thick, each
being made in two lengths, faced at the ends, and abutting on
each other, with a truss of four round rods 1} inch in diameter, to
prevent lateral failure. The diagonals are in pairs of square rods,
those at the ends of the middle truss being 24 inches square, and
at the centre 1] inch square. In each outer truss there are two
diagonal tension bars at the ends, each 17 inch square, the two at
the centre being 1§ inch square. The diagonals are formed also
as eye-bars, and grasp pins 2} inches diameter in the top chord,
and others 8} inches diameter where the links, or bars of the bottom
chord are connected. The upright posts bear also upon these
latter pins; and in the top chord the pins, passing transversely
through the joint where the cylindrical pipes abut upon each other,
also serve the purpose of preventing lateral failure, no other means
being emplo es to keep the separate pipes of the top chord in line.
The d.ia%on tension bars only cross each other in two panels on each
side of the centre of the truss. The bars which are carried past the
centre are ‘ counter rods ;' they are of light section, and have slots
and keys at their lower ends, for adjusting their length to any re-
uired camber of the truss. They assist also, to a certain extent, in
the transmission of the strains due to unequally distributed loads.
The top and bottom chords are respectively braced horizontally
with transverse and diagonal bars. The railway bars are sup-
ported upon longitudinal timbers, which rest at every 10 feet
5 inches, upon a pair of transverse wrought iron rolled' beams,
each 9 inches deep, and weighing 90 lbs. per yard. The
ends of these beams rest upon cast iron blocks forming the bases
of the upright posts. The Kgight or headway, from the top of the
rails to the under side of the top bracing, is 19 feet 6 inches.
The ends of the truss are not supported on rollers, the bottoms of
the leaning end columns resting directly on the masonry. The weight
of the three trusses, with the horizontal top and bottom bracing,
but exclusive of the floor beams and longitudinal timbers for sup-
rting the rails, is 73} tons, or nearly 6 cwt. per foot of single
ine. Of this weight, 43 tons are cast, and 30} tons wrought
iron. Of the whole weight of the three trusses, about 32 tons, or
43 per cent., are in the upright and their truss rods, and in
the leaning end columns and the vertical and diagonal tension
rods. The rolled floor beams for the double line weigh 9 tons,
the longitudinal timbers about 14 tons, and the rails and fastenings
6 tons, making a total weight for the double line of 102} tons,
equal to a little more than 8 cwt. per foot of single line. With
an additional distributed load of 3,000 Ibs. per running foot on
each line, the tenmsile strain at the middle tension rods of the
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middle truss would be 4'27 tons per square inch, and in the outer
trusses 3-12 tons per square inch. The compressive strains in the
top chords would be respectively 5:32 tons per square inch in the
middle truss, and 355 tons in the outer trusses. These strengths,
calculated for the maximum load on both lines, are not carried
out in every part of the bridge; but with a train on a single line,
no part is strained in tension beyond 8,000 lbs. per square inch,
nor in compression beyond 10,000 lbs., and the ordinary working
strain does not exceed 2% tons per square inch in tension, nor
3 tons per square inch in compression.

In the construction of the bridges just described, the tension
rods are rolled in entire lengths, without ‘weld, and from iron of
the kind employed for railway carriage axles of good quality.
The bars are ro{led uare, because that form comes out of the
rolls best, when bars of unusual length are required. The eyes of
all the tension rods are formed by bending the full size of the bar
around a pin, the end overlag ing the bar for 12 inches, and being
closed by a long scarf weld. At the eyes, therefore, there is
twice the section of iron that is allowed throughout the rest of
the bar. The eyes are truly bored out, the pins are turned, and
all the flat bearing surfaces are faced in a lathe. Bridges of this
construction, up to spans of 165 feet, possess as much stability as
timber trussed bridges; and the deflection of one of these bridges,
of 165 feet span, on the Lehigh Valley Railroad, under a goods
train of full weight was only threé-quarters of an inch.

The cost of American bri of all kinds, is always estimated
at so much per lineal foot. For a single line railway bridge, of
165 feet span, of the construction already described, the cast iron
would weigh about 6 cwt. per lineal foot, and the wrought iron,
including floor beams, as much more, making 12 cwt. per foot.
The cost of pig iron is usually £4 10s. per ton, and castings in
considerable quantities £10 per ton. Wrought iron of the extra
quality employed costs £23 per ton in the bar, being usually quoted
at 24d. per pound At these high prices of materials, bridges
containing equal weights of cast and wrought iron are sold atabout
£25 10s. per ton in the builder’s yard, although this sometimes
covers the whole cost of the work erected in place. These prices,
it is to be understood, are those whicn prevailed before the sus-
pension of specie payments.

In 1861, an iron bridge was erected on the line of the Penn-
sylvania Central Railroad, across the Schuylkill river at Phila-
delphia. It had two clear spans of 192 feet each, and one pivot
span, or turning bridge, 192 feet long. The construction was much
like that already described asiWhipple’s. The truss, however,
was onl{ 19 feet deep, giving a proportion of depth to span of
rather less than one-tenth. The upright posts, or struts, were
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formed of wrought iron, so rolled that two bars, when put to-
gether, formed an octagonal tube. The top and bottom chords of
the turning bridge were formed of wrought iron rolled beams, so
that either might resist extension or compression, according as to
whether the span was turned on, or off, the line of the bridge.
"The three spans for a single line contained an average of 5 cwt.
of wrought iron, and 7} cwt. of cast iron per lineal foot. The
bridge was constructed and erected by the Pennsylvania Rail-
;ol?d Company, and its nett cost, exclusive of masonry, was as
ollows : —

£ s

145 tons wrought iron at £22 15s. 6d. . 3303 O
214 ,, cast iron s £611 3 . . 1,404 O
Workmen in shops . . . . . 1,442 0O
Timber . . . . . . . 1270
False work and raising . . . . 842 0
Pivot of turning bridge . . . 52 0
Painting . . ... . 210 0
Engineering . . . .. . BL o
Incidental expenses . . . . . 3310
Total . . . £8,144 10

The average cost was thus £22 13s. 6d. per ton, and about
£14 4s. per lineal foot. The price of the cast iron is the mean of
the prices of all the cast iron purchased, whether in the pig, or
in castings from the founder’s.

While referring to the wrought iron rolled beams employed for
the top and bottom chords of the pivot span of the Pennsylvania

Fig. 1.

Beam Pile.
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Railroad bridge, it should be mentioned that they are rolled in a
peculiar manner, and that it has been proposed to employ beams
of the same kind, but of greater depth, for bridging considerable
gpans. Figs. 1 and 2 show sections of the beam pile and of the
finished beam. The of the beam pile intended to be rollea
out into the top and bottom flanges are first rolled into slabs by
themselves, with a deep groove on one side. That portion of the
pile intended to form the web is then fitted between these slabs, and
the pile, thus apFroximating to the form of the finished beam.
is then easily rolled out between rolls of moderate diameter, with
comparatively little power, and without crushing, or other injury to
the edges of the flanges.

The pivot, upon which the turning span of the bridge just de-
scribed is made to revolve, is of a kind now extensively employed
in the States for railway turntables, Fig. 3. It consists of a fixed

Fig. 8.
N <»_§ S

Turntable, and Pivot for Turning Bridges.
and of a movable cast iron disc, both being circularlg' grooved out

to receive a number of steel rollers, each turned to the frustra of a
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double cone. A circular railway, upwards of 30 feet in diameter,
is laid around the pivot, for a turntable 48 feet diameter, and
wheels are fitted beneath the bridge, to bear upon this railway
only when the bridge does not bulance truly on the conical
rollers. With a weight of 14 tons balanced upon one of these
bearings,—this weight consisting of an iron turntable 54 feet
in diameter,—the whole was revolved by a weight of 3% Ibs.
hung over a pulley, and connected by a cord to th:eseriphery of
the turntable. In the case of railway turntables fitted with these
bearings, the heaviest engines are turned by pressing against
them by hand, no gearing being now employed. Pivots of the
same kind have been applied to two turning bridges of cast iron,
each 230 feet long, and covering two openings of 100 feet each.
One of these bridges is at Galena, the other at Chicago, both in
the state of Illinois.

The form of truss introduced by Mr. Wendel Bollman, C.E,,
may next be noticed. This has been extensively adopted upon
the Baltimore and Ohio Railroad, where it was first introduced
eleven years ago. In this bridge the load upon each panel is
transferred directly to the ends of the truss t%orough a pair of
straight suspension bars, doing duty only in that panel. With the
exception of one pair of suspension bars, supporting the centre of
the bridge, the bars in each pair are of unequal length, and their
lower ends are attached to the upper extremity of a compensating
link in order to allow for contraction and expansion. The bridge
cannot alter its form under unequal loading. A bridge upon this
ﬁl:n at Harper’s Ferry, on the line of {the Baltimore and Ohio

ilroad, has four parallel trusses, for a double line, and a
clear span of 124 feet. (Plate 20, Fig. 5.) The span is divided
into eight panels, and the depth of the truss is 17 feet 6 inches, or
0-137 of the span. The top chords are each formed of a single
line of octagonal cast-iron pipes, 12 inches in diameter, and having
36 square inches of cross sectional area. The vertical posts are of
cast iron, and one-eighth of the whole weight of the truss and its .
load is supported at the foot of each post. The weight at the foot
of the middle post of the truss is transferred, one-half to each end
of the top chord, through a line of suspension bars 67 feet long.
Each line is formed of parallel bars, 2} inches by 1 inch,
connected together by eyes and pins, the sectional area in each
line being 4} square inches. The load at the foot of each
end post is transmitted, in the ratio of seven-eighths to the nearest
and one-eighth to the farthest pier, by similar lines of bars, the
longer of which is 112 feet 7 inches, and the shorter 25 feet
3 inches. The shorter line is formed of bars, in pairs, 1} inch by
éinch, and has 2§ square inches of sectional area. The longer
ine is formed of bars, in pairs, 1} inch by 1 inch, and has
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3} square inches of sectional area. The strains upon the various

arts of the truss, caused by the weight of the bridge and of a
Foad of 13 ton per lineal foot, are 2:8 tons per square inch in
compressiop in the top chord, and vary from 446 tons per square
inch in tension in the longer suspension bars to 7-14 tons in the
shorter bars. There are seven different lengths of suspending
bars, and the maximum calculated strains in these vary from
10,000 1bs. per square inch of the longest bars, 11,000 Ibs. in the
next size, and so on, successively, through 12,000 1bs., 13,000 1bs,,
14,0001bs., and 15,000 1bs., up to 16,000 Ibs. per square inch in
the shortest bars. The weight of this bridge, including timber
work, has been given by Mr. Bollman as 211 tons of iron and
133 tons of timber for each span for a single line ; but the Author
fiuds, by calculation, that the iron-work must weigh considerably
more than this, and he is disposed to take it as 6 cwt. per foot of
single line. Mr. Bollmau states, that the bridge was tested with a
moving weight of 122 tons of locomotives on one span of single
line, or nearly 1 ton per foot run, and that the deflection at
a speed of 8 miles per hour was 1§ inch at the centre, equal
to yopth of the span. The Author believes that no bridges upon
this plan have been erected of a greater span than 160 feet.
One of five spans, of 160 feet each, crosses the Muskingum River,
at Zanesville, on the line of the Central Ohio Railroad.

The iron bridge designed by Mr. Albert Fink, C.E., has been
more extensively adopted than any other on the railways of the
United States. (Plate 20, Figs. 6 and 7.) In this bridge a pair of
diagonal tension bars connects the foot of the principal strut, or ‘king
post,’ in each truss, with the ends of the top chord. This pair of
dia.%onal bars supports one half of the whole weight of the truss and
its load. Each half span is subdivided by a strut, and two diagonal
tension bars extend, one to the nearest end of the top chord,
and the other to the top of the centre post. Each quarter span
is again subdivided into eighths, and these again, for spans

reater than 100 feet, into sixteenths. In a truss of this kind,
laving sixteen panels, the weight at the bottom of the strut
nearest to either of the piers is distributed as follows:—
Calling the weight one, one half is transferred directly through
a tension rod to the nearest end of the top chord, and thus upon
the pier. The other half is carried up to the top of the second
strut from the pier, and is received at the bottom of that strut
by a tpa.ir of tension rods, which subdivide this half between them,
one fourth being taken directly to the nearest pier, while the
other fourth is transferred to the top of the strut at the quarter
span. This fourth is again subdiviged at the foot of this strut,
one eighth being transmitted through a tension rod to the nearest
pier, while the other eighth passes to the top of the middle strut
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of the whole span, and is received at the foot of this strut by the
main tension rods, which thus transmit, each one sixteenth of the
original load, to each pier. Thus the weight at the foot of the
first strut from the end of the truss is distributed as follows:—
One-half, one-fourth, one-eighth, and one-sixteenth, or, in all,
fifieen-sixteenths of that weight reach the top of the nearest pier,
through four converging sets of tension rods, while the remaining
sixteenth reaches the opposite pier, after having been first brought
to the foot of the centre strut, through the intervention of three
separate systems of tension bars. With the exception of the
load at the foot of the centre strut, which load is transmitted
directly to the piers, the loads at the bottoms of the vertical struts
are more or less subdivided, in the manner just described, before
reaching the ends of the truss. It may be mentioned, that a few
years after Mr. Fink had executed bri upon this system, it
was introduced to the notice of English Engineers by Mr. Pittar.
Under the direction of Mr. B. H. %‘atrobe, C.E., then Engineer
of the Baltimore and Ohio Railroad, Mr. Fink erected, in
1852, an iron bridge of three spans, of 205 feet each, on that
line, where it crosses the Monongahela River (Plate 20, Fig. 7).
The trusses for a single line are 16 feet apart from centre to
centre, and the main tension chords are attached to the foot
of the centre strut, 22 feet 8 inches below the centre of the
top chord, thus giving a depth of truss equal to 0-11 of the
span. The :J(;S) chords and the centre struts are of cast-iron
pipes, oc in their external form, 12 inches diameter be-
tween their parallel surfaces, and 10 inches in internal
diameter, thus giving 41 square inches of section. The main
tension rods in each truss are each formed of six bars, 4} inches
by 1} inch, giving a section of 33§ square inches. The vertical
struts, with the exception of the centre strut, are cast-iron
octagonal pi 8 inches in external and 7 inches internal
diameter. his bridge, and others by the same Engiuneer,
are not proportioned to sustain heavy loads with so little strain
as the Kiurphy—\Vhip le Bridge, already described; but, for
a span of 205 feet, Mr. Fink’s bridge, including the perma-
nent way, weighs only 1 ton per foot of single line, and with
an additional load of 1 ton per foot run, the tensile strain
upon the wrought iron would not exceed 5°15 tons per square
inch, and the compression on the cast iron 4°:25 tons. The
trusses rest, at the ends of the top chords, upon iron towers,
swing links being employed instead of rollers, to allow for ex-

nsion and contraction. In the case of the bridge over the

onongahela River, the railway is carried at a little above the
level of the bottom of the truss. The tension rods are attached
at their lower ends to transverse timbers, upon which longitudinal
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timbers are lai(}'h to thef rails. To prevent the timbors froni
swaying under the impulse o ing trains, cast iron longitudina
distinfe ieces are ill)lferposegafletvgeen the feet of thegvertica.l
struts. The line of distance pieces thus formed has the appear-
ance of a bottom chord, or tension member, but must not be mis-
taken for one. The same arrangement for supporting the roadway
is also adopted in an iron bridge of two spans, of 205 feet each,
over the Barren River, on the line of the Louisville and Nash-
ville Railroad. But in the Green River Bridge, on the same line,
the rails are carried above the level of the top chord, and only
the vertical struts and the diagonal tension rods appear below. In-
stead of suspension links, rockers are placed under the ends of
these trusses to allow for the effects of temperature. The Green
River Bridge is the largest work of the kind yet executed by
Mr. Fink, having three spans of 205 feet each, and two of 180
feet, the rails being 115 feet above low water. The construction,
dimeusions, and strength of the 205 feet spans of this and of the
Barren River Bridge are identical, or very nearly so, with those of
the Monongahela ﬁver Bridge, already l(Yescribed.

The Bollman and Fink trusses for a single line, and in spans
of from 160 feet to 200 feet, cost £14 per lineal foot, or nearly
£28 per ton, while timber bridges of the same span cost but from
£5 to £7 per lineal foot. Even at this comparatively great cost,
iron bridges are now meeting with an amount of favour in America,
which appears certain to insure their ultimate substitution, for
most of the timber bridges on the railways of that country.
A dgmdua.l preference, too, is being shown for the plate girder ;
and already, on one or two of the New England railways, plate
girders of nearly 100 feet span have been erected. These have
drilled rivet holes, the edges of the plates are planed, and the
working strain on the iron is only 4 tons per square incn. The
trussed bridges which have been described have much more
stability than might be supposed ; but the great annual range
of temperature, from 20° below zero to a reflected heat of 130°
in the summer sun, or a total range of 150°, is not favourable to
the use of cast iron in structures of such importance as railway
bridges. The trusses described cost less at the outset than plate
girders of the same strength, but if wrought iron were employed
throughout in the trusses, they would then become more costly.
The éanad.m n Engineers now import best Staffordshire plates, at a
cost of £13 per ton, including iprzight and a duty of ten per cent.
levied l‘% the province, and these are made into girders at the
Great Western Railway Company’s workshops, at Hamilton, at
a cost of £7 10s. per ton, making the whole expense of the
girders £20 10s, which sum includes no profit. Girders of
considerable weight have been made at this price at Hamilton.
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It should be mentioned that most of the iron bridges erected on
the Great Western Railway of Canada have been made by -
Messrs. Fairbairn & Co., of Manchester.
In conclusion, the Author would acknowledge the assistance:
%endgl Bollman,
and Albert Fink, Civil Engineers practising in the United States,
each of whom supplied the original drawings’ from which those
now exhibited, in illustration of their respective bridges, have
been copied. He is also indebted for important information to
Captain Meigs, United States Engineers, and to Mr. Strickland
Kneass, Engineer to the City of Philadelphia.

The Paper is accompanied by a series of diagrams, from which
Plate 20 and Figs. 1, 2 and 3 have been compiled.

[Mr. Zeran COLBURN
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Mr. ZeraH CoLBURN said, he had refrained from entering more
into detail, to avoid making the Paper tedious, but he should be
happy to reply to any questions. No doubt, in looking at the dia-
grams, it would be considered that American engineers had prac-
tised great economy in designing these bridges. The fact was,
that if bridges could not be constructed of iron at a moderate cost,
the Railway Companies in the States would not adopt them, but
would continue to use timber bridges, which could be built at from
£5 to £7 per lineal foot. Tt was on the score of cost, alone, he be-
lieved that American engineers had adopted cast iron for all parts in
compression ; so many square inches of section could be put into
the tubular form for one-third the cost in cast iron that would be
incurred with wrought-iron plates. In the case of the Green River
Bridge, the top chords and the vertical posts were of cast-iron pipes.
Care was requisite in casting the pipes. Mr. Fink tested the
iron for all the pipes, and holes were drilled in the side that lay
uppermost in the sand, to ascertain that the cores had not floated,
and thus that the metal was of uniform thickness. The fact of cast
iron being used in the top chords was a sufficient explanation, why
bridges were not made continuous over two, or more, spans in
America. In nearly all these bridges almost the whole of the iron
was made to do work in carrying the load. They no doubt
differed from what English engineers were accustomed to, and
he feared the diagrams would present an extraordinary appearance
to English eyes; but they were faithful representations.

Mr. Colburn then called attention to the drawing of a bridge
with truss rods to every upright post. The span was 125 feet, and
the depth was 23 feet lgom the centre of the top chord to the
centre of the bottom chord ; yet all the iron posts, the truss rods,
the diagonal tension rods, and the leaning end columns were not
together equal to a quarter of an inch in thickness of iron, if spread
out as a plate, over the whole side, and half of that thickness was
cast iron; still no portion of the iron was subjected to a greater
working strain than 4 tons to the square inch. Under ordinary
circumstances a working strain of 3 tons to the square inch was the
utmost that existed. e contrasted with that design some plate
girder bridges, erected three years ago, on the Boston and Worces-
ter Railway. They were 87 feet span and 7 feet 6 inches deep.
The plates were 6 feet 3 inches wide and 7 feet 6 inches high. At
every vertical joint there was a pair of butt straps, 8 inches wide,
double riveted on each side of the web, and over these a pair of
angle irons, 3 inches by 6 inches. Midway between the vertical

ints, there were two angle irons, 6 inches by 3 inches, the
onger sides being turned over at right angles, to form a knee
11\2' which they were riveted to the top and bottom chords.
r. Philbrick, the engineer, adopted that form of stiffening the
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webs of girder bridges, because, as he said, he had found that
in England and in France, the T irons used for stiffening had
begun to split in some cases. He had only called attention to the
butt straps and angle irons used by Mr. Philbrick, because these,
spread out as plates over the side of the web, were alone equal to
one-quarter of an inch in thickness, while in the Murphy-W hipple
Bridge the whole of the members forming the web amounted to
less a quarter of an inch,

He might add, that none of the bridges shown in the drawings
had broken down, and he had never heard that they had exhibited
any signs of weakness. They were considered in America, and he
believed them to be, very strong, and good bridies, If they
had any peculiar merit, it might be in the fact that they were not
overloaded with ballast. The trusses were deeper, and, therefore,
there was not so much iron put into the sides as might be expected
to keep the strains down.

In Bollman’s Bridge the test load was 1? ton per lineal foot, for
a single line. .In America the assumed load was arrived at, by
supposing that there was on the bridge a train of loaded goods’
waggons, with two engines and a snow plough weighing about 15
tons ; and, in addition, when the bridge had a floor, that this was
covered with snow, equal to a weight of 30 Ibs. per square foot of
floor ; and that a side wind, equal to 30 Ibs. per square foot was
blowing. It was further assumed that, as every wheel had a break,
all the breaks were put on at once, which would throw the strain
upon the top chords of the bridge. That was the assumed load of
the bridge of 200 feet span, and it was adopted by Mr. Murphy,
Mr. Whipple, and Mr. Bollman.-

In answer to inquiries from several members, Mr. Colburn
said that the highest breaking strain of the cast iron alluded
to in the Paper was 20} tons per square inch; but it was
certainly never subjected to that straiu in a bridge. It was boiled
cast iron, that was melted and kept in fusion for several hours,
and partially decarbonized. Previous to the present war in
America, every cast gun was made of iron melted two, three,
or four times.

Mr. F. J. BRAMWELL regretted to hear that the arrangements
for the reading of other communications were such, that it was
desirable to limit the present discussion ; as he feared there would
be great difficulty in investigating the principles of construction of
the T'russes described in the Paper, unless some considerable time
were devoted to that purpose.

Before entering into the question of the Trusses, however, he
wished to give a few facts bearing on the strength of cast
iron. They were corroborative, to a great extent, of the state-
ment on this subject made by the Author. That statement
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seemed to excite surprise, but Mr. Bramwell was quite prepared
for such a statement, having had occasion, some time back, to in-
vestigate the strength of a particular quality of cast iron, which
ave results nearly agreeing with those mentioned in the Paper.
%Ie exhibited two samples of Acadian cold blast iron, the
Eroduce of Nova Scotia, which had been broken, in his presence,
y the proving machine at Woolwich Arsenal. Being No. 1
iron, a mixture of scrap was required before strengt?x could
be obtained. But as the experiments were made to test the
quality of this individual iron, it would have rendered those
experiments nugatory, had scrap from any other source been .
mixed with the iron. The only way of proceeding, that occurred
to him, was to melt some of the iron into pigs, to make scrap
for the second melting, reserving trial bars of the first melting.
The order of the experiments was as follows :—The iron was put
into an air furnace, and as soon as it was fused, eight sample bars
were cast. These bore an average tensile strain of 74 tons
Eer square inch of section. The iron was kept in fusion, and two

ours after, eight other bars were cast. These did not break
until a strain of 8 tons 6 cwt. was attained, being nearly
1 ton more per square inch than the strain which broke the
first lot of bars. After a further interval of one hour and
three-quarters, eight other bars were cast, which broke with a
strain of 108; tons; so that by keeping the metal in fusion
for three hours and three-quarters, the tensile strength was
increased from 7 tons 10 cwt. to 10; tons, or about 50 per cent.
The iron was then poured out, and pigs were cast from it. On
the next occasion, the furnace was charged with half of the fresh
No. 1 iron, and half of the pig iron from the prolonged fusion.
The result was, that the bars cast immediately upon melting
required for their fracture a tensile strain of 11 tons; while
those cast after two hours’ continued fusion only bore 9 tons 4 cwt.
As this result did not agree with those obtained from the bars cast
before and from those cast after this particular lot, Mr. Bramwell
had no doubt, there was snme error in the marking to identify
these bars. The bars. that were cast after two hours’ further
fusion “gave an average tensile strength of 18} tons. The
strongest, of which he exhibited a sample, did not break until the
tensile strain per square inch rose as high as 19 tons 12 ewt. As
an evidence 'o?e the unusual strength of this iron, he might state
that the whole of the weights belonging to the proving machine
were not quite sufficient to enable this strain to be applied, so that
extra weights had to be obtained. This sample of cast iron was
undoubtedly the strongest that had ever come under his notice.
The specific gravity of the metal increased from 709 for the No. 1
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pig, to 7°29 for the sample which bore the strain of 19 tomns
12 cwt. .

The Author, in alluding to the method of melting iron in
America, stated that its toughness was increased. Mr. Bramwell
hardly knew in what sense the term toughness was used. If
it meant merely tenacity, or capability of bearing tensile strain, no
doubt that was increased ; but if it meant tensile strain, coupled
with movement through a considerable space before rupture took
place, so that the ¢ work done ’ to produce fracture would be large,
then he questioned whether the melting spoken of did, after
a certain point, add to such toughmess; although no doubt it
added to the power to bear a great load, if very gradually
and quietly applied. He regretted that there were no means of
ascertaining, by the machine at Woolwich, the facts involved
in this question of toughness. The samples were however tested
for their power to resist compression. This was found to be,
practically, about three times and a half greater than that to
support tensile strain; a lower ratio no doubt than was ordinarily
obtained. It would perhaps be considered surprising, that the
iron he had spoken of was rejected as being bad, because it con-
tained silicon. It must be borne in mind, that this silicon could
not be detected in the behaviour of the iron, but required the
careful analysis of the chemist to discover it. Nevertheless, the
silicon being there, the iron was as much condemned as if
the silicon had exercised its supposed baneful influence, so as to
render the iron bad under mechanical test. This seemed to him
to be yielding too much to chemical authority, which, after
all, must base its opinion, as to the injurious, or non-injurious,
character of any foreign substance in a metal, upon the results
derived from mechanical test.

With regard to the principles involved in the construction of
the Trusses of American ﬁon Bridges, he referred to three diagrams
(Plate 21) he had caused to be pre;{)ared, showing, respectively,
the Fink truss (Fig. 1), an ordinary diagonal truss which was so
well known in this country (Fig. 2), and the Bollman, or Harper’s
Ferry Bridge, truss (Fig. 3). In these diagrams, one-half of each
figure was drawn merely in lines, running along the centres of the
various members of the truss ;. while in the other half of each figure
the members were indicated either by dotted lines simply, or
by dotted lines and shading on each side, so as to show, by the
width of the shading or of the dotted lines, the relative amounts of
iron required in each member ; and by the different kinds of dotted
lines and the different kinds of shading, to distinguish between the
parts in compression and those in tension; discarding, for the
sake of simplicity, all consideration of rivet holes, joints, and such
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matters, and assuming the whole of the iron to be brought to an
uniform thickness, and to be equa;l{ valuable for compression
and for extension. Thus if the shading along one member of
the truss were twice as wide as along another, then it indicated
that there must be double the sectional area of metal in the first
of these two members, that there was required to be in the second
of such members. In this way the diagrams would at once instruct
the eye, as to the consumption of metal in each part of each truss,
while the difference of the shading would show, which part was in
compression and which in tension. Further, at the end of each
figure a parallelo had been drawn, which indicated the
relative amount of each kind of metal required in the three
different trusses. Assuming that there would be no special
circumstances of convenience, or inconvenience, attending the
manufacture of any particular truss, there could be no question,
that was the best truss which consumed the least metal in its
construction. And if the decision, as to the merits of the Fink
truss (Fig. 1), and of the Bollman truss (Fig. 3), were to be
arrived at by the consideration of this test, Mr. Bramwell
believed he was correct in saying, that they were both of them in-
ferior to the ordinary diagonal truss (Fig. 2), and in the following
ratio :—

Diagonal truss required 262 parts of metal.

Fink » o» 396

Bollman ,, ’ 370

”
”

The distribution of the metal would be as follows : —

DiacovaL Truss: Compression . . . 136

Tension . . . 126

— 262
Fixg Truss: Compression . . . . 200
Tension . . . . 196

: —— 396
BoLLMAN TRuss: Compression . . . 185
Tension . . . . 185

— 370

These results were arrived at by a calculation which he believed
Yo bave been based on correct principles, and to have been accurately
worked out. He would, however, endeavour to explain the causes
of the extra consumption of iron in the Fink and the Bollman
trusses,

First, as to the Fink truss:—The diagram was made on
the assumption, that the depth of this truss, and of course of

[1862-63. N.8.] - 20




562 AMERICAN IRON BRIDGES,

the other two trusses also, was one-eighth of the span, and that
the truss was loaded with fifteen units of load, one over each of
the vertical struts. The struts on the left-hand side were lettered
from A to H, the latter letter being over the central strut. The
effect of these units of load would be, that unit A would, by its
vertical A £, be carried one-half by the tie rod fa, and one-haﬂ' l;lyl
S B; and that the unit B would be carried on its vertical B b, whi
would also have to carry the half of unit A, brought on by the tie-
rod £ B, and also one-half of the unit C, brought on, in a similar
manner, by the tie-rod ¢ B. In this way the vertical B b would get
a load of two units, one-half of which, or one unit, would have to
be upheld through the tie-rod b a, but as the upper part, f a, of this
tie was alrendy strained by the weight due to one-half of the unit
A, and as the angle of the tie was 45°, the tie ba would bring a
compression of exactly a unit and one half on the top member of
the girder. It was clear that a downward load of one unit and
a balf must also be brought, by the tie g D, on to the point D, and
that a similar load of a unit and a half must be brought on to the
same point by the tie d A D, making together a load of three units.
This added to the unit D itself, would cause a load of four units to
have to be carried by the vertical De. Of these four units
two would be carried by the tie ca, and the other two by the
tiee H. The tie ¢ca would bring the compression on to the
top member of the girder due to these two units. If the tie ¢ a had
been at the same angle as the tie 4 fa, this compression would onl
have been two units ; but as the tie ca wasat an angle only harf
as favourable as the tie b f a, the compression brought on to the top
member of the truss by the tie ca would be double that of the
vertical load carried by it, or a compression of four. The last
source from which compression would come upon the top member
of the truss would be from the strain of the tieea. This tie, it
would be seen, had to bear one-half the duty of upholding the
central strut He. Thisstrut He would have to support, first, two
units of load brought on it by the tie ¢ H; secondly, one unit of load
brought on by the tie d¢ H, owing to that tie upholding one-half of
theufoad of two on Fd, and, thirdly, one-half of a unit of load
brought on bK the upper part ¢ H of the same tie d ¢ H, which u}}Eer
}l)‘art would have to support the half of the unit of load on G <.
hese three sources of strain would amount together to three and a
half units. There would of course be an equal load brought on by
the corresponding ties to the right hand of the strut H.e, which strut
would thus be loaded with seven units, to which must be added the
unit on H itself, making eight as the total load on the strut He.
Of this eight, one-half, or four, would be upheld by the tie e a, and
by this tie would exert a compressive force on the top member of
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the girder. It would be seen, that the angle at which this tie ea
lay was twice as unfavourable as that of the tie last considered, and
four times as unfavourable as that of the tie b f a, the angle
of which was 45°. Owing to this unfavourable angle of the tie ¢ a,
the load supported by it would exert a compression of four times
its own amount, or sixteen. The sum of the compressions, there-
fore, on the top member of the girder would be,

For the tie f a% unit x by the effect of the angle 1= }
”» o~ b a 11 11 ”» ) 1= 1
”» ” ca 2 b i1 121 ET) 2 = 4
” ” ead ”» ”» ” 2 -4=16
213

It would be seen, that this compression extended from end to
end of the top member of the truss, so that the top member would
require to have as great a sectional area at the extremities as in
the middle. Assuming that one part of iron was required to resist
one unit of load, then the sectional area would be 21}, and the
length of the truss being taken as 8, the amount of iron consumed
i|; 'the compression bar would be equal to 21} x 8, or 172 parts
of iron.

Before considering the amount of iron in the other members of
the Fink truss, Mr. %ramwell would compare the compression bar,
or top member, of this truss, with that of an ordinary diagonal
truss (Fig. 2). In the latter case it was well understood, that as
fifteen units of load, distributed as shown, were equal to a central
load of eight, and as the girder was eight times as long as it was
deep, the compression in the centre would of course be sixteen
units of load. This then would represent the maximum sectional
area, which would exist only at the very middle of the com-
pression member, as it would become less and less towards the
ends of the girder; the diminution being in such a ratio, if the
number of points of attachment of the ties and struts were infinite,
as would give a parabolic curve, the area of which would of course
be two-thirds of the parallelogram containing it. Therefore
16 x % = 108 would represent the average depth of the compression
member, which multiplied by the length 8, would give 854 as the
amount of iron in that member, or rather less than one-half of the
iron in the similar member of the Fink truss. In the diagonal
truss, with the number of ties and struts as drawn, this theoretic
amount was diminished only to the extent of 1}; that was to

say, the whole amount of iron was 84, arrived at thus2 :—2
. (]
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Between the points a A the oomtﬁredon would be 3} units, which, multiplied
by the effect of the angle =
,, AB " 103 "
” BO ” 164 »
” C D ” 21} ” l
» DE " 254 » 12
” E F ” 28* ” l
" FG " 30¢ " 15}
”» GH " 81} ” 15§
Giving for the sum of the compressions . . . . . . . 84

This divided by the number of spaces 8, made 10} as the average
depth. :

t was, he thought, not imglrobable that a cursory view of the
drawing of the Fink truss might lead to the idea, that it was one
that must be economical ; inasmuch as it appeared to have a com-
pression member only, and to be without any corresponding formal
tension member, the diagonal ties being made to serve the pu
of a regular tension member. But even if this were so, and if the
ties were made at no ter consumption of metal than the ties
and struts of a diagonjreg?rder, which he would prove was not the
case, even then the Fink truss would have no advantage ; inasmuch
as its one compression member contained slightly more iron than
the compression member and tension member together of the
diagonal truss. He had stated that the compression member of
this latter girder contained 84 parts. The tension member con-
tained rather more, thus,—

Tension.
Between the points b ¢ the tension would be 4 units, which, multiplied by the
effect of the angle = 2
» e d ”» ll » 5*
”» de ” 17 ” 83
” ;f ” 32 » i%
” 6 *
- 7h . .29 . 144
» i " 81 » 154
" ik ” 32 " 16
Giving for the sum of the tensions e e e+ . . 86

This, divided by their number 8, made 10§ as the average depth.
The amount of metal 86 in that member, added to that in the com-
pression member, gave 170 parts for the metal in those two
members, as compared with 172 parts in the compression member
alone of the Fink truss.

He would now revert to the consideration of the Fink truss:—

It would be remembered that the main tie bar ¢ a had to trans-
mit four units of load ; but these became multiplied in their power
of strain on the tie, by the number of times the length of that tie
exceeded the depth of the girder. This depth being 1, and the
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half length of the girder being 4, the length of the tie would of
course be equal to 4/1*+44?= y17. The strain, therefore, would
be the load x +/17. But as the length of the tie was also /17,
it followed that the amount of metal must be 417 x +/17 x the
load of 4; in other words, the amount of metal increased . .
as the square of the length of any sloping tie. In this  Metal
case the amount was 2 ties each 17 x4 = 136
Similarly, it could be shown, that the ties ca, cH, and their

counterparts on the other side of the truss, would require

V5 x /5 x 2 load x 4 of them = 40
Thatba, bD, d D, d H, and their counterparts on the other side

of the truss, would require /2 x 4/—2 x 1 load x 8 of
them . = 16 -

and that the upper parts of these tnes, fa, gD, h D,+ H and
their counterparts on the other side of the truss, with ‘the corre-

sponding short ties, f B, ¢ B, R F, ¢ F, and their counterparts
on the other side of the truss, would require V} X Vi x3
load x 16 of them . = 4

. . . =

—

Making the total of iron in tension, as already stated, 196

Parts of
Further, the compreemon member, it had been proved, Metnlo.

would contain . . . 172
The strut H ¢ would contain 1 x 8 units . . = 8
The strut D¢, and the corresponding one on the other side

of the truss, would contain 1 x 4 units X2 of them =
The struts Bb, F D, and their corresponding ones on the

other side of the truss, would contain 1x2 units x4 of

them . 8
The struts A f, Cg Eh G, ‘and their correspondmg ones

on the other side of the truss, would contain } longx 1
unit X 8 of them

Making the total of iron in compression, as already stated, 200

In order to complete the comparison between the Fink truss and
the diagonal truss, it would be necessary to ascertain the amount
of metal in the struts and ties of this latter truss. The lengths of

_the various struts and ties would be uniformly +/1}, the multlple
of strain would therefore be +/1}, and the amount of iron in each
of them 1] x the units of load : —
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On the strut A b there would be 4 units.

2 Be ’ 3% )
» Cd » ”
”» De ” 25‘ ”»
” Ef ” l%
g 9y ”
. Gk
» He é- »
Making a total of . . . . . 18 ”

This sum, multiplied by the 1}, would give . . . 22}
To which must be added the end upright a b .=
Making . . . . . . . . . 26
Or, for the two sides of the truss . 52
Adding the amount of metal in the oompressmn member

before given . 84
The total of iron in compreeslon would then be as already -—

stated . . . . 136

Next, as regarded the parts in tension :—

On the tie a ¢ there would be 3& units

”»” A d bRl ”»

2SN T

» 1 11 t

” { :’ 1: :,

L Gr L o
Making a total of . 14
This, multiplied by 1}, would nge . ¥ £
Making for the two sides of the truss . 35
Adding the amount of metal in the tension member before

given . . . . . 86
The total of metal in tension was thus found to be . . 121

But to this should be added the ties G &, which, although not
called into action, when an uniform load was on the girder,
would have to bear a strain if the load were a passing one.
They might then be required to support a single unit of load.
Under similar circumstances two ties on each side might
require to be strengthened, so as to bear a further half unit
each ; then 4 tiés I unit x the 11 .o = 9

Giving as the total of iron in tension, as already stated, 126




AMERICAN IRON BRIDGES. 567

He would not occupy any further time, by entering into the
details of the calculation of the quantity of metal in the Bollman
Truss; but would simply refer to the figures already given, by
which it would be seen, that while it was more economical than the
Fink Truss, in the proportion of 37 to 396, it was less economical

than the ordinary dli)agonal truss, in the proportion of 37 to 26- 2.
- The cause of the waste of metal in the Fink and in the Boll-
man trusses appeared to him, on a little consideration, to be suffi-
ciently obvious. The strains which related to the centre part
only of a truss, and which might be got rid of in a comparativel
short distance near that centre, were, in the Fink and in the Bol{-
man trusees, carried to the very ends of the compression member,
so that the whole length of that member sustained a pressure that
need only be borne near the centre. Further to carry out this bad
arrangement, the tie-rods were of necessity placed at most un-
favourable angles, by which not only was an unnecessary amount
of metal consumed, but the already useless strain on the com-
pression member was aggravated.

It was unnecessary to 1nvestigate the construction of the Murphy-
Whipple truss, as the drawing showed that truss to be free from
the radical error, of carrying the whale of the compression to the
very ends of the top member. It was, however, clear, that the
use of struts in a vertical position was not so economic, as the
use of struts in a diagonal position, inasmuch as the struts when
placed vertically did not assist in the progression (if such a term
might be allowed) from end to end of the truss. The ties, also,
were not disposed at the most economic angle; but with those
exceptions, he had little doubt the Murphy-Whipple truss would, on
investigation, prove to be one of good construction, and equal to
such as were in ordinary use in England.

He regretted having to pronounce so unfavourable an opinion
on these trusses ; butnie was glad to be enabled to do so, without
the fear of his criticism being displeasing to the Author, who,
it was understood, had merely submitted these particular trusses,
as matters of interest in the history of railway works in America,
without expressing approval of their construction, and for the
ve% pull;"pose of having their merits, or demerits fully discussed. '

r. FLEEMING JENKIN said, there was an apparent discrepancy
in the general practice of Engineers in the use of cast iron under
compression. ][:)‘rom the Paper it would appear, that the cast-iron
compression bars of all the girder bridges were strained up to a
maximum of from 4} to 4} tons to the square inch, whereas in the
two cast-iron arches mentioned by the Author, the strain per
square inch was limited to 2 tons and 1-6 ton respectively. Never-
theless, in both cases the strains were due to loads of a similar
nature ; and at first sight there was no reason why the cast iron
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should not be capable of bearing an equal strain in both classes of
bridge. The practice in England agreed with that in America.
The strain allowed on cast-iron arches was from 13 ton to 2 tons
as a maximum; whereas in columns and other constructions,
strains of 4 tons were admitted without hesitation. He thought it
was a point of some interest to examine, how it happened that
under similar conditions the same material should be so differently
treated. He believed the fact to be, that the calculated strains
upon cast-iron arches were exceedingly fallacious; no experiments
had been made upon the strains in metal arches, whether of cast
iron or of wrought iron, whereas excellent experiments had been
made upon girders and columns. The strains upon every part
of a girder bridge were well known, and the metal could be
accurately apportioned to the work it had to perform; whereas
he was not aware of any experiment having been made on arches.
The caleulations which had been based upon the theory devised
for stone bridges were, in his opinion, altogether fallacious,
and he thought the subject deserved much more attention than
it had hitherto received. The common formula, by which a
cast-iron arch was caleulated, supposed the existence of an uni-
form load. This formula gave the compression on the crown of
the arch, as equal to the compression which would result at the
centre of the top bar of a gi Jer, of a depth equal to the rise of
the arch, and loaded in the same manner. This calculation would
be correct, provided the arch were formed of two rigid beams, such
as the rafters of a house, hinged at the centre, and loaded uni-
fornly, with reference to a horizontal line ; but an arch was not
hinged, nor perfectly flexible at the centre, nor were the two sides
perfectly rigid; therefore the formula could only apply approxi-
mately. Still as the arch was really comparatively iﬁaxxble at the
crown and rigid at the spandrils, he believed the formula would,
on experiment, be found sufficiently exact. On the other hand, he
had never met with any satisfactory calculations of the strain thrown
upon a metal arch bridge by a passing load. Professor Rankine
mentioned, that a stiffening girXZf,s

suspension bridge, would be required for a cast-iron arch ; but, so
far as he knew, no person had given the actual strains produced by
a passing load, and it was in fact difficult to calculate them. The
rigidity of the cast-iron arch played the part which the load over
the spandrils took in a common stone arch, bringing the line of
pressure from the crown down to the springings. That rigidity, or
resistance to bending, was a difficult thing to calculate, especially
with such forms as were now common, in which the rigidity was
partly due to the main rib, partly to a top girder, partly to the in-
termediate filling of the spandrils, and partly to a sort of compound
beam built of these three parts, which were usually very imper-

similar to that required in a -
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fectly connected. The large unknown strain, produced by the
flexure due to a passing load, was, he believed, the practical
reason why Engineers increased the section of the cast-iron ribs of
arches, to such an extent as to reduce the maximum strain, when
calculated from the uniform load alone, as low as 13 ton or 2 tons;
whereas they were able to allow 4 tons on the girder or column,
because it was known from experiment, that the actual maximum
strain upon these forms would not exceed the calculated strain.
With the present form of arch it was almost impossible to calculate
the strains. He had endeavoured to design a form of arch which,
being a simple piece of framework, or trussing, would permit the
calculation of the strains on every member, due to every arrange-
ment of the load. Each member was strained in the direction of
its lenfth only. . That form was shown in the model of an arch he
had placed upon the table. He would not now enter upon a
mathematical investigation of the subject, as he hoped soon to have
an opportunity of practically testing the merits of that form, and
he would then bring the results before the Institution. He thought
he should be able to show, that a cast-iron arch could be made, in
which the material was subjected to the full strain of 4 tons per
square inch, and that such bridges could be built at less cost than
the common plate, or parallel girder bridge.

Mr. E. A. Cowper could not allow the observations, with re-
ference to the strains upon cast-iron arches to pass unchallenged.
The Washington aqueduct might, perhaps, be taken as a good ex-
awple of a column placed in the form of an arch. He argued that
columns were often compressed with a greater pressure per square
inch than arched ribs, if the whole section was taken as the area.
A vertical column, without side strain or pressure, was in a very
favourable condition for bearing weight; and indeed it was
astonishing what columns would sustain. It had been stated, that
if the column were in the form of an arch, there was t difficulty
in caleulating the compression per square inch. To this he dis-
sented, believing that the strains upon a cast-iron arch could be
readily estimated. It was necessary to ascertain, first, where the
line of strain would come, under the various circumstances, of a
passing load, &c., and having found how near the edge, or flange
of the rib the strain would pass in the worst case, it was easy to
calculate the section that it was necessary to give to the rib, so that
the iron might be put to a fair strain per square inch. It was an
expeditious, and if carefully performed, an accurate method, of find-
ing the true line of strain of the Distorted Catenary Curve, to hang
up a flexible chain to represent the weight and form of the
rib, and then to load it, grst with the various weights of the
bridge itself, if the spandrils had any heavy filling-in, and then
with the passing load in various positions. The true curves,
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under the various circumstances, would thus at once be ob-
tained, and could be traced on a drawing-board, placed behind the
chain. This plan he had practised for many years, no doubt
in common with others, and had used it in setthng the sections
of the ribs of the Barnes, Richmond, and other bridges Of
course, in a bridge in which the strength was intended to be
given entirely by compression, it was no more admissible to make
the rib so shallow, as to allow the line of strain of any one of the
distorted catenaries to pass outside, than it would be, to make a
column for bearing compression so crooked, that the vertical line of
pressure came outside the column. IHe need hardly say, that the
true line of compression in a bridge would never follow the fancy
curves that were often given to arches, such as semicircles and
ellipses, but would always be in a catenary curve, more or less
distorted, according to tfne various loads wpon it and their posi-
tion. He had, many years since, designed a suspension bridge,
on precisely the same principle as that of an arch inverted,
including all the lines ofp strain, or tension, within the chain, and
providing sufficient depth in the section of the chain to take the
tension where it came. The chain was, in fact, a wrought-iron
plate, with top and bottom flanges, like an ordinary deep wrought-
iron girder. Such a bridge would be perfectly stable, as it could
not move out of shape, nor deflect from the elasticity of the
material so much as an ordinary girder. When, however, it was
intended that an arched rib should not depend entirely on com-
ression, but should also rely on the tension of its material, from
ing made of wrought iron well bolted, or riveted together, or of
cast Iron, in pieces provided with substantial flanges, and propor-
tionate bolts and nuts, then it might be looked upon, to some
extent, as having the stiffness of a girder, and might be made so
narrow, that some parts of the distorted catenaries would pass out-
side it, in which case it was easy to calculate how much compres-
sion there would be on one side and how much tension on the other
side, as it was a simple case of leve between the line of strain
and the inside and outside flanges of the rib. He bad stated that,
under certain circumstances, an arched rib might to some extent
be looked upon as a girder, and he had spoken thus guardedly, be-
cause an arched rib, thoroughly stiffened by bracing, or spandrils
extending over the crown of the arch, and having a considerable
depth, would o resist the action of rising and falling with the
expansion and contraction due to variations of temperature, as to
cause fracture in some part or other. For an arched rib pre-
supposed fixed abutments to take the thrust, so that when the
metal expanded by heat, the arch must rise, or break by crushing.
This was not a fanciful objection, as it occurred in every-day
practice. For instance, Southwark Bridge was erected in coel

!
|
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weather, so that in the full heat of the sun, the centre arch rose
in the middle 13} inch, and the various castings forming the
spandrils, being deep and well fitted together, wiﬁzmt any allow-
ance for expansion, began to break consecutively. The cause
of fracture was owinito the stone abutments being fitted tightly
against the ends of the spandrils. It had been found necessary
to jump holes in the stone, immediately behind the ends of the
spandrils, 80 as to relieve them, and to allow the rib to rise as it
expanded. The effects of expansion and contraction in Southwark
Bridge were well shown by the band-railing drawing out of the
stone piers in winter, and {leing thrust into them in summer, the
play over the abutments amounting to  of an inch. The stone
paving was also always out of order over the piers, and
In some cases the heavy stones had flushed at their top edges.
He thought many more experiments ought to be made, on the
end pressure that columns ore various sections would bear. The
. few experiments of that kind which he had tried agreed very well
with those made by Mr. Eaton Hodgkinson ; but proper experi-
ments with columns on a large scale were expensive, chiefly on
account of the heavy pressures required to crush them. There was
also danger in measuring the deflections when the crushing weight
was nearly approached, as a hollow column, for instance, would
be separated into many pieces, with great violence, when it was
crushed or broken. He had found the want of reliable experi-
ments of this class, when designing large shear legs of 120 feet in
height, to lift 40 tons, and had been obliged to rely on his judgment
alone as to strength : the result, however, had been satistactory.
Mr. Purpps said, the Paper was for the most part limited to
several varieties of trussed girders. On these he would not at
present offer any observations, but would confine his remarks
to onme, or two iron arched constructions, also referred to in the
Paper, as he had paid particular attention to the subject of cast-
iron arches. Mr. Jenriln bad truly remarked, that whenever
these arched constructions were loaded irregularly, it became
difficult to calculate the strain to which the material then became
subject. For instance, iron arches, particularly on railways, might
be loaded upon one-half of the span only. In such a case the
curve of equlibrium would often shift so much from the middle of
the arched rib, as almost to touch the extrados and the intrados of
the arch on opposite sides of the centre. Having obtained, how-
ever, the position of the curve of equilibrium, it then became a
question, l]:)):l to estimate the effect of the pressure in its detri-
wental action on the outer fibres of the rib. This was a point
upon which, he agreed, that no practical, or reliable, information
was to be obtained from books, and, in consequence, he had
invented a method which he had found both simple and accurate in
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its application. To illustrate the degree to which the shifting of
the line of pressure might affect the strain upon an iron arch, when
laced under compression, he stated that ina Erismatic bar of irom,
in shape like a 3-inch plank, the pressure on the outer fibres on one
gide would be doubled, and on the other side be reduced to nothing,
by the removal of the line of pressure only the one-sixth part of
the whole width away from the centre of gravity. Now in this, as
in every other case, whenever a piece of metal, or other elastic
material, was compressed by a force on any other line than that of
its centre of gravity, the action upon the outer fibres might be ob-
tained, by conceiving the material, first of all to be compressed
squarely throughout, as if the strain were applied over the line of
centre of gravity, and then, finding the strain due to the angular
motion, by the same process that would be used for obtaining the
strain on that portion of a cantilever contiguous to where it was at-
tached to a wall ; using the total compressive force applied as the
weight, and the distance of that pressure from the line of centre of
gravity as the leverage. Then the strain on the outer fibre thus
obtained, added to the former square-on pressure, would give the
whole detrimental action upon the outer fibre of the material
Thus, as he had previously explained in reference to the Charing
Cross Bridge,! when a pressure of 475 tons was applied, square
on, to a piece of iron of 161:25 square inches sectional area, all
the fibres would be strained uniformly up to 2:94 tons on the
square inch; but by removing the line of pressure 36 inches
away from the centre of gravity, the pressure on the outer fibres
would be increased up to 6:86 tons on the square inch. Mr.
Phipps added that, in cases where the arched rib proper was well
connected with the roadway bearer above, by an efficient system of
diagonal bracing, the centre of gravity of the whole section of the
arched rib and roadway bearer together must be taken, as that
aﬂ::::lld which the previously-named angular motion must be com-
puted.
- Mr. F. W, SHeEmwps could not agree, that the object of the
bracing in a girder bridge was merely to keep the top and bottom
members asunder, and to enable them to do their work. In his
opinion the chief object of bracing in all parallel girders, was to
carry the vertical weight of the bridge, with the extraneous load
upon it, to the points of support at the piers; and that duty was
Just as important as, and quite distinct from, the work to be
performed the top and bottom flanges. The bracing ought
to be specially designed for that duty, and in that view he
thought the American bridges brought under their notice, even
those of the simplest form, showed a want of scientific knowledge

1 Vide ante, p. 535.
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in their construction. Thus, if a girder bridge be supposed to con-
sist of twelve bays, and the driving-wheels of a locomotive loaded
with 12 tons rested over the third bay, that load would be trans-
mitted to each pier, by the bracing, in the inverse proportion of the
distance of the loaded point from the piers, being nine tons to the
nearer, and three tons to the further pier. One of the diagrams
exhibited was just in such a case, and he observed that at the third
bay, there was no diagonal tie from the lower flange which could
carry the load to the further pier. Consequently the girder would
have to depend merely upon the rigidity of the t;ogl flange, con-
sidered as an inde?endent Y:eam of ferhaps a few inches deep, for
the transmission of that part of the load which reached the further

ier, and which should be sustained by the whole girder of several
eet deep. Diagonals of great inclination were not advisable, in-
dependent of all increase of strain arising from their inclination, as
they were free to deflect on a curve struck from one of their ends
as a centre and the other end as a radius, and that curve would
coincide in practice, for a considerable distance, with a vertical
line, so that there was little or no resistance to deflection. There
were some bridges in the Regent’s Park upon that principle, which
fully bore out his foregone conclusions, for he foum{) that by jump-
ing upon those bridges, the whole could be set in motion by his
own weight alone.

Mr. ZeraH CoLBURN remarked, with reference to the com-

rison which had been made between the various trusses, that
1t was well understood in the States, as afplﬂin to the Fink
and Bollman Bridges. The Murphy-Whipple Bridge (Plate 20,
Figs. 3 and 4) was believed to be the best class known in the
States ; and if there was not much difference between that and
many bridges in this country, it was no doubt owin%ew the fact,
that when the principles were fixed, there could net be much room
for difference between one good bridge and another.

Mr. HawksHAW, President, expressed his regret that, owing to
the late period of the Session, and the necessity for reading two
other Papers before its close, the discussion upon a subject of so
much general interest as American Iron Bridges should have been
necessarily restricted. The Institution was under great obligations
to Mr. Colburn for the able and elaborate manner in which the
communication had been made; and he hoped that the Author
would, on other occasions, contribute to, and take part in, the
proceedings.
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No. 1,094.— On the Communication between London and
Dublin.” By WirLiam WatsoN, M.A., T.C.D., Assoc
Inst. C.E.

HoLYHEAD, the nearest point of land in Great Britain to the

metropolis of Ireland, was naturally thought of at an early date

as a convenient port of departure and arrival for the mails ; bat
though its proximity was undoubtedly the principal reason for its
selection, yet it possessed also the adva of being exactly
oyposiw to Dublin, without any great difficulties in the navigation
of the channel, and with easy access into the bay, at a time when
shore lighthouses were scarcely known on that part of the coast.
This line of mail communication has been used for a century

and a half. It is recognised in the Act of Parliament, passed m

1729, to confirm the patent previously granted to the Trench family,

for erecting a lighthouse on the Sierries Rock,' near Holybead,

which authorised the payment of £50 a year by the Postmaster-

General, in consideration of the benefit of the lighthouse to the

packets sailing between Holyhead and Dublin. e communica-

tion between London and Bub]in was then very irregular, and
the time occupied on the journey was very protracted. Travel-
ling through North Wales was attended with difficulty and
fatigue, an§ the passage of the channel was altogether contingent

! The history of this lighthouse is remarkable. It is stated in the preamble of
the Act 3 Geo. IL, *that the lighthouse which had been establi by Mr.
Trench under authority of the Charter from Queen Anne, he was no longer able
to support from the duties then collected, and, that it must inevitably fall into
decay unless the said duties were extended, and some further powers and en-
couragements given.” Acoordingly, increased powers and encou ents were
afforded by the Act of Parliament to so great an extent as eventually to produce
to Mr. Trench's representatives a clear revenue of £16,000 a-year. The Trinity
House having becn aunthorised by Act of Parliament in 1845 to purchase up the
light, paid for it no less o sum than £445,000. The means were entirely pro-
vided out of the dues collected from commereial shipping.

This, however, was not the only case of an “improvident' grant made by the
jrown or Parliament, adding to the burdens of shipowners there were other
rivate lighthouses, the interests in which were likewise purchased by the

E‘rinity House, at a further cost of upwards of eleven hundred thousand pounds ;
all of which money was supplied from the ducs which had been levied on

shipping.
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on the state of the weather. Swift, in a letter to Pope, mentions
the ¢ quick change” which he “made in seven days from London
to the deanery, through many nations and lan unknown to
the civilized world.” The poet Gay at another time speaks of
¢ the plague which his friend suffered in the little smoky room at
Holyhead,” where he appears to have been kept weather-bound
for ten days, and after “at last setting out he had been driven
back by the storm, put to sea again, and was finally landed at
Carlingford,” sixty miles away from his destination. Fifty years
afterwards, Edgeworth, ing through Dublin to cross the
Channel, to visit his wii‘;ae:ho was ilifin England, says in his
journal ¢ just as 1 was going to embark in the packet, the wind
became directly adverse, and I sat hour after hour with m
eyes fixed on the weather-cock. Duy after day the wind conti-
nued in the same point; no vessel could sail, and for more than
a week I was thus kept in suspense.” But even after fairly

tting under weigh, the passage of the Channel, little more than

0 miles across, was often extremely tedious. In the journal and
correspondence of Lord Auckland, recently published, Woodfall
says, n a letter from Dublin to Mr. Eden, ¢ Lord Mornington
and his brother came over with me in the packet, and we had a
great deal of political chit-chat one of the days (for we were near
three on board).”

The public appear to have submitted with wonderful patience
to the fatigues, delays, and inconveniences attending the journey
between London and Dublin ; and although, long before the close
of the last century, measures of improvement were pro one
of which was the construction of a bridge over the Menai Straits,
no effectual means were adopted, until after the legislative union
bad taken place between Great Britain and Ireland, in the year
1801. Thenceforward, the necessary attendance of peers and
of the representatives of the Irish constituencies in the Imperial
Parliament could not fail to lead to the adoption of such improve-
ments in travelling, and in the communication between the two
capitals, as the advance of engineering skill of that day showed to
be practicable. Public Commissions were constantly engaged in
inquiries, and Committees of the House of Commons presented
no less than twenty-four reports on the subject within ten years.'
In these are described the various impediments which then existed
in the way of public communication between the two countries

. and plans and proposals for improvements, princitz.lly in reference
to the land part of the journey. Hills were to be reduced, more

' The first of these Regorts, made in 1810, is exclusively on the improvement
of Holyhead Harbour, and recommends the expenditure of £67,862 on the con-

struction of a pier for the use of the small sailing packets then employed in the
mail service,
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direct and perfect lines of road to be made, and the inconveniex
and at times dangerous, ferries near Conway and Bangor. i
North Wales, to be bridged over, with the object of vidine
a continuous and casy road for the entire distance of 267 miies
between London and Holyhead. A measure of such grex
national importance could not fail ultimately to obtain the cordul
approval of Parliament. The late Sir Henry Parnell, one of tbe
members for the Queen’s County, took the most prominent par
in urging forward the adoption of those improvements, and ki
rsevering energy was ultimately rewarded with complete succes
Earge grants o Xublic money were voted, and all other pece-
sary means provided, to complete the arrangements for makine
this the most perfect road in the kingdom; even the short length
of road between Howth and Dublin, on the Irish side of the
Channel, was not overlooked. Nearly a million of mone
to have been expended on these works. The genins ofy m
aided by the talent of Macadam, having mastered every difficulty.
in 1826 the astonished and admiring traveller was enabled o
pass with regularity, safety, and comparative comfort over the
entire distance from London to Holyhead in thirty-four hours.

Improvements for the sea part of the journey had also engaged
some degree of attention; but, while sailing vessels were in use,
it was not thought that much could be gained in the passage of
the Channel. In 1814, appear to have extended to
three days in duration, and it is recorded, in the Parliamentary
returns of that year, that for the space of nine days but one
packet could sail, owing to adverse wind. In 1819, the uverage time
occupied on the from Holyhead was about twenty hours
and about fifteen hours from Dublin. The vessels then employed
were small cutters. Two years afterwards Sir Robert Seppi
submitted designs for a superior class of vessel, 65 feet in length,
19} feet beam, and of 102 tons burthen. The inferiority of the
vessels previously employed in the service may thence be imagi

The packet zarbour at Howth was constructed, at a cost of
£300,000, with the special object of facilitating the intercourse
with England. Improvements, at considerable cost, were ako

rovided from time to time, for the Mail Packet service at Holy-

ead, at the public expense. Indeed, nothing appears to have
been overlooked, which could render more perfect the connexion
of the several parts of the chain of communication.

The application of steam power for propelling vessels at ses,
which was commenced in these islands% Henry Bell, in 1811,
extended but slowly for some years; anx no attempt was made
to introduce the improvement for Channel navigation until 1819,
when the ¢ Talbot,’ of 156 tons, built by Wood, of Port Glasgov,
with two engines of 30 H. P. each, by Napier, was placed on the
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Holyhead station for the summer and autumn ; and in the following
year the ¢ Ivanhoe,” built by Scott, of about the same size, with
engines, also by Napier, of 70 H. P. Their unexpected success
overcame the professional prejudices of the experienced comman-
ders of the sailing mail packets, who had recently recorded their
opinion “that no vessel could perform the winter service with
safety, but sailing cutters.” Soon afterwards the ¢ Royal Sovereign’
and the ¢ Meteor’ were built specially for the Post Office service.
The sailing cutters then disappeared for ever. The ¢Royal Sove-
reign’ was of 205 tons burthen, with two engines of 60 H. P. each.
The ‘Meteor’ was 15 tons less in size, and had 20 H. P. less
than her consort. The vessels were built by Evans, and the
engines were made by Messrs. Boulton and Watt, who had also
the honour of making the first engine placed in any vessel—
namely that for Fulton, in 1804, and used by him in his first boat
on the Hudson River. The performance of the ¢ Royal Sovereign’
and the ¢ Meteor’ fully established the advantage of steam. The
average length of their p es in the first year between Holy-
head and Howth was seven nflours and thirty-three minutes, the
shortest passage was five hours and forty-eight minutes, and
the longest is stated to have been upwards of twenty-three hours.
The mail communication between London and Dublin had been
thus long maintained exclusively by way of Holyhead ; but the
rapidly growing itportance of Liverpool,—the sea-port of the
manufacturing districts of Lancashire, Yorkshire, and Staffordshire,
—justly claimed a direct postal service with Ireland, which was
accordingly established in 1826, though the sea passage is more
than double that from Holyhead. i’ackets of a larger size
were built, and provided with more powerful engines. The Par-
liamentary returns, for a period of three years, give the shortest
passage as having been made in eleven hours five minutes, while
the longest. exceeded thirty-five hours. Private enterprise, as
early as 1819, had placed steam vessels on this station, for the
conveyance of passengers during the summer months. In 1823,
however, Mr. Charles Wye Williams, of Dublin, a venerable
Associate of the Institution of Civil Engineers, originated a com-
pany for the maintenance of a reguﬁz.r steam communication
throughout the entire year. His plan embraced not only the
conveyance of passengers but of merchandize, an extension of the
advantages of the regularity of steam transport till then un-
attempted. His plan was so eminently and immediately suc-
cessful, that it was speedily adopted on other lines of the coast,
and ultimately over the entire globe. .
Though not, apparently, necessarily connected with the subject
of the communication between England and Ireland, it is right to
draw attention to the substitution of iron for timber in the con-
[1862-63. N.5.] 2p
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struction of steam vessels, as having afforded great facilities
for building models of the finest form, combined with lightness
and strength, and the name of the first builder of an iron steam
vessel should not be forgotten. Mr. Aaron Manby, the father
of the Honorary Secretary of the Institution, built the first sea-
going vessel of that matenal so early as the year 1820 ; in which
year the first sea voyage was performed, when a cargo was conveyed
direct from London to Paris without transg;yment, the late Admiral
Sir Charles Napier acting as captain, and Mr. Charles Manby as en-
gineer. Many good authorities then t}uestioned the innovation : now,
scarcely any but iron steam vessels of every class, are used for com-
mercia{ purposes. This material has also of late been extensively
adopted for vessels of war. In fact it may be doubted, whether
vessels of the form of those which now perform the Holybead Mail
Service could have been built of adequate strength of timber.

But if private enterprise was successful by sea, it was soon to
be almost eclipsed by still ter success on land. The same
spirit in England onginated, and soon saw accomplished, that
wondrous improvement of modern times, the railway. The line
from London to Liverpool was completed in 1838 ; forward
that line became, for some years, the most expeditious route
to Dublin, and the mails and passengers nearly deserted the
Holyhead route. Liverpool did not, however, long retain this
superiority. - The proposal to continue the line of railway from
Chester to Holyhead met with general acceptance ; English enter-
terprise again triumphed over every difficulty. The genius of
Stephenson rivalled that of Telford; the Conway River and the
Menai Straits were spanned a second time, and in 1849, a con-
tinuous line of railway was completed between London and Holy-
bead, by private capital, three-and-twenty years after the con-
tinuous line of road had heen constructed by direction of the
State and principally by grants of public money. The con-
vevance of the Irish mails was then retransferred from Liverpool
to Holyhead, and the large and powerful packets of the Govern-
ment, and of the Company which had carried the night mails
under contract for the previous ten years on the Liverpool line,
were appropriated to other duties.

It is not easy, from the Parliamentary returns, to arrive at the
exact cost of maintaining the service between Great Britain and
Ireland prior to its concentration at Holyhead, on the completion
of the railway to that place. In addition to the principal postal
services with Dublin, two other lines of mail communication
for many years been carried on by Government vessels ; one in
the north, between Portpatrick and Donaghadee, and the other
in the south, between Milford and Watezgord. The expense of
supporting all these communications is stated at £75,000 a year,
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without taking into account the original coat of the vessels, built in
the royal dockyards, the interest on the capital, the annual depre-
ciation, or the insurance. The outfit of the steam vessels provided
for the Irish service appears to have cost upwards of £600,000,
between the years 1820 and 1848,
During the period while these recent changes had been in
grogre&, the Asylum Harbour of Ki wn was completed, and
aving ample depth of water at times of the tide, which
the harbour of Howth had not, the packet service was trans-
ferred to it. Ultimately a line of railway, 6 miles in length,
connected it with Dublin.

The new Re Harbour at Holyhead was next decided on,
with the avowed intention of providing the most perfect arrange-
ments for the Irish Mail Service.

The only link then remaining to complete the communication
with Ireland was such a superior class of vessels as the mechanical
gkill of the day could construct. The Government declined the
offers of the former mail contractors to supply the vessels, having
decided on building four of about 700 tons {urthen each, fitte
with engines of 350 nominal H. P. Great attention was bestowed
on these vessels, and no expense was spared, with the desire of
securing & result far in advance of any which had been previously
arrived at. The result was universally admitted to have been
a success. The ¢ Banshee,’ built of timber, with double planking,
but without frames, was a beautiful model, and of li%-lllt draught
of water. Her oscillating engines indicated 1,555 H. P., and
her rate of speed at the measured mile on the trial trip was
rather over 181 statute miles per hour, nearly 4 miles more
than had been previously attained by any other vessel. The
speed of the ¢ Llewellyn’ was very nearly as good (vide Appendix,
p- 595), but the other two vessels, having heavier engines, were not
equal to the same high rate of performance.

About the same time the Chester and Holyhead Railway Com-
pany, under what were considered the exceptional circumstances
of the case, succeeded in passing a Bill through Parliament,
authorising the novelty of owning and navigating steam-packets
for a period of twelve years. Four vessels were accordingly pro-
vided by that Company for the conveyance of ngers. 'Pwo
of these were fully equal in speed to the ee,” another was
considerably less, but the fourth was admittedly a failure.

The Lords of the Admiralty, acting in accordance with the re-
commendation of a Committee of the ﬁouse of Commons, decided,
after a trial for a short time of the New Service at a heavy cost,
to have it performed by contract, as had been the case for some
¥ears previously on the Liverpool line, and the tender of the
ormer contractors was ultimately accepted. The s;rvicez was to

P ly
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be performed at the average speed of 12 knots, or nearly 14
statute miles per hour. Four hours and forty minutes were allowed
on the average for the passage of the Channel, from outside the
lighthouse at Kingstown Pier to the light at Holyhead. This
service lasted from May, 1850, until October, 1860, and the
passages were generally performed within the stipulated time.
Having thus traced the several changes in the means of com-
munication between London and Dublin up to the commencement
of the service now in operation, it may be interesting to state the
time usually occupied in the journey at various periods, in order
to show the gradual improvements in acceleration, which have
resulted from the continued attention of Parliament to the subject
Before the opening of the new turnpike-road by way of Shrews-
bury to Holyhead, and of the establishment of steam mail packets,
the communication with London was attended with so much uncer-
tainty, that it would be difficult to give any accurate estimate of
the time necessary for the journey. Travellers in those days
thought themselves fortunate, if they accomplished the distance
within four days But after the opening of that road, and the
establishment of steam vessels, the average time occupied in the
transmission of the mails was reduced to about forty-three hours:
letters posted in London on Monday being considered as due in
Dublin on the following Wednesday evening. The adoption of
Liverpool as the principal packet station, and subsequently, the
opening of the railway from thence to London, shortened the time
for the transit of letters to twenty hours, so that letters reached
either capital in the evening of the day following that on
which they were posted. Within a few months after the com-
lete restoration of the mail service to Holyhead, the time allowed
or the transit of the mails was reduced to sixteen hours from
Dublin to London, and about fourteen hours in the opposite
direction, the reason for the difference being, that the service
from Ireland was timed with suflicient margin for the contin-
gencies of the Channel passage, to insure the arrival of the
mails so as to allow of their being forwarded by the trains
appointed for the ordinary English services; while for the down
mails, the packets waited the arrival of the train at Holyhead
from London, and invariably proceeded to sea as soon as the
mails and passengers were embarked, so that generally, there
was an advantage in time in the journey to Dublin. Great
however, as was the improvement thus finally effected, it was
impossible to afford the public the advantage of the entire da
for completing their correspondence in one capital, coupled witg
a morning delivery in the other, so long as the transit oc-
cupied from fourteen to sixteen hours, to which must be added the
time required for sorting the letters, after their arrival at the
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respective post-offices. The night service was therefore neces-
sarily divided into two parts. First, an early despatch from the
one end of the line, accompanied with an early morning delivery at
the other; and the second, a late, or night despatch from the
ottlle: capital, coupled with a late, or afternoon delivery in the
other.

The Directors of the Comsa.n into whose hands the mail
. service between Holyhead an lzingst,own had been intrusted,
soon turned their attention to the subject, with the object of pro-
posing further improvements, to be effected by the substitution
of special express trains for the Irish service, in place of the
ordinary trains, which were timed more in reference to the require-
ments of the English mails; and, secondly, by the employment
of larger and more powerful steam-packets. Considerabfe doubts
were at first expressed, as to the practicability of running trains
with safety, the starting of which was to depend on the arrival of
the packets at Holyhead. But the public loudly demanded more
commodious vessels. Meetings were held in London, which were
attended by the most influential persons interested in the guestion,
who warmly approved of a plan then submitted for consideration,
of a vessel of great size and power, which the projectors anticipated
might attain tie extraordinary speed of 25 statute miles an hour.
Meetings of the commercial interest were also held in Dublin, to
urge forward the adoption of any feasible measure of improve-
ment, in the postal and nger arrangements, for communi-
cation between Great Britain and Ireland. A plan was soon
after submitted to Government, proposing a new service between
London and Kingstown, the entire distance to be performed under
ordinary circumstances in eleven hours. Express trains were to
be appropriated exclusively for the Irish service, completing the
land journey in six hours and forty-five minutes. For the Channel
part of the service, steam vessels were protgosed, 300 feet in length,
with sufficient engine power to attain the speed on trial, of 20
statute miles an hour, so that the passage of the Channel could be
made under favourable circumstances, in three hours and a half,
The ship-builders and engineers who were consulted unhesi-
tatingly stated that such a result was practicable.

A Committee of the House of Commons was appointed in the
following year to inquire into the subject; and their report
strongly recommended that the improved class of vessels should
be provided, and that the speed on the railway should be accele-
rated, so that the mails, instead of requiring the average of fifteen
hours between London and Kingstown, might be conveyed in eleven
hours, as had been proposed. The Committee further recommended
to the favourable consideration of the Government, the plan and
estimates of the class of vessel contemplated, as able to attain a
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?eed of 25 statute miles an hour, but to be employed only in
ay-light ; their advocates having ex the opinion, that they
could not be safely used at night. his objection, in addition to
the great cost of the vessels, estimated at £180,000 each, no doubt
caused that plan to be rejected.

The London and North-Western Railway Company, and the
City of Dublin Steam Packet Company, ha.vu;%5 to united
action, passed a Bill through Parliament, in 1855, to sanction and
facilitate their arrangements.

The Government then made a communication to the Companies,
as to the requirements of the Post Office, for two services, one by
day and the other by night, to be completed in half an hour less
time than that which had been already proposed, and this to be
guaranteed under heavy pecuniary ties for every minute of
excess, arising from causes even beyond control. The Companies
agreed to unngertake this service, but altogether declined to submit
to penalties for loss of time arising from or other causes
wholly beyond their control. The subject having been allowed to
lie dormant for another year, the Members of Parliament for
Ireland collectively urgedy on the Prime Minister so forcibly
the expediency and necessity for providing for the improved
means of communication at the public expense, as had been
formerly done when the new Holyhead Road and Telford Bridges
were constructed, that the matter was at last taken up seriously
and the Government agreed to carry into effect the plan re-
commended in 1853, and which eventually received the cordial
approval of the Lords of the Treasury.!

1 Extract from Treasury Minute, dated October 19, 1855,

“ My Lords have before them a private Act, passed in the last Session of
Parliament, intituled, ¢ An Act for improving the Postal and Passenger Com-
munijcation between England and Ireland, and for authorising Arrangements
betwth eem%mpamuin England and Ireland in relation thereto, and for
other !

“ By this Act the London and North-Weetern Railway Cotn%n , the Chester
and Holyhead Railway Company, and the City of Dublin Bteam Packet Company,
are empowered to provide and use such steam boats for the conveyance of mails
and passengers between Holyhead and Kingstown or Howth as they shall think fit;
and it is also provided by the 18th section of the said Act as follows :

“ ¢« It shall be lawfal for the aforesaid Compenies from time to time to make
and enter into and carry into effect a.n‘y] amz:enta and arrangements with Her
Majesty’s Postmaster-General, or with the of the Admiralty, in reference to
the mnvl?[yanee in their stcam boats of Her Majesty’s mails or post letter-bags
between Holyhead and Kingstown or Howth : Provided always, that, until an agree-
ment or arrangement for the p hereinbefore in this clause mentioned shall
have been so made and en into, none of the powers by this Act granted
shall be exercised by the said Companies, and that, unless such an agreement or

ent shall have been made and entered into on or before the first day of
May. one thousand eight bundred and sixty, it shall not be lawful for the said
Companies, in pursuance of this Act, to exercise any of the powers granted thereby,
and such powers shall thereafter cease and have no effect.”

“ My fully recognise the main motive which the Legislature had in
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The main provisions of the new postal contract were, first, that
the entire distance between London and Kingstown was to be per-
formed in eleven hours (eleven hours and a%?alf being allowed to
Dhublin), assigning four hours for the sea passage, subject to fines

passing this Act, and in extending, in the respects therein contained, the powers
and functions of the three existing Companies referred to. That motive was un-
doubtedly the hope that, by the combination so created, a more efficient steam boat
service would be estab) between Holyhead and Dublin, thus connecting
England and Ireland by the shortest poseible passage, and in the shortest possible
ii::e. with a view to l:h;i‘r postal c:;lnd passenger oodnl:munica,tion. But so far d;g ge

gislature i any such arrangement the paramount importance (-
poctalsarvioo,:g:ttheohumdread uoted was introduced into the Bill, by
which the powers granted under it should only take effect in the event of the
united Companies being able to make an amnﬁment with the Postmaster-General
or the Admiralty for the conveyance of the mai

* While, however, my Lords regard this as being the main object of the Act, and
the one which the Government is officially called upon to take into its considera-
tion, they by no means desire to leave out of view, in connexion therewith, the
enormous social and political advantages which may be expected to be derived
from such an improved communication between the two countries as the progress
of art and science entitle the public to look for. Nor can my Lords leave out of
view the great advantage and convenience which such an improved service would
confer upon Irish Members of Parliament whose public duties necessarily lead to
their frequent passage between the two countries, and who are entitled to expect
ever&&ir facility for that purpose.

“ My Lords desire to know if it would be practicable—

* 1. For a mail leaving London at & convenient hour in the morning to arrive in
Dublin in time for the departure of the evening mails, and also for a delivery in
Dublin the same night,

« 2. For a mail leaving London in the evening at the usual time of departure to
arrive in Dublin in time for the day mails from Dublin, and for & convenient
morning delivery in Dublin.

“ 3. For a mail to leave Dublin in the morning at & convenient hour after the
arrival of the night mails from the provinces in time to reach London for the
departure of the evening mails, and for a late delivery that night.

“ 4, For a mail to leave Dublin in the evening, after business hours, and to
ij'ori:le in London in time for an early delivery, and for the day mails out of

ndon.

“If such arrangements shall prove to be practicable, then my Lords would be
prepared to incur a considerable 1ncreased expenditure in order to secure them,

* In that case, in the majority of instances, the Irish postal service both ways
would be advanced by periods varying from six to twelve hours, and in many cases,

tically for business p twenty-four hours, would be saved in replies,
ides which the most per%ect passenger accommodation would be A
mail would leave from each end at convenient hours, morning and evening, and,
occupying only eleven hours, would arrive also at convenient times, and such as
would enable passengers to pursue their journey forward without mpssge. For
example, letters and passengers leaving mn in the morning would arrive in
time for the night trainsout of Dublin, and by midnight of the same day, or shortly
after, would reach all the chief cities in the provinces; and letters and passengers
leaving London in the evening, would reach Dublin in time for the departure of
the morning trains out of Dugl.m. and would arrive at all the chief cities in the
vinoes & little after noon on the following day; so also, letters and ngers
eavinsle]::ublin in the morning would arrive in London in time for the Continental
and mail trains the same night, and those leaving Dublin in the evening
would arrive in London in time for the departures of the mail day trains. For
some great and decisive advantages, such as these, to be enjoycdrigf the public,
would my Lords feel that they were justified in incurring & material increase on
the present expenditure of public money.”
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for loss of time, unless arising from weather, or other causes beyond
control ; secondly, that four steam packets should be provided, each
300 feet in length, and 1700 tons burthen builder’s measurement,
with engines of 600 nominal H.P.; thirdly, that express trains
should be appropriated exclusively to the Irish traffic ; and fourthly,
a morning and evening departure from each capital. The Im-
proved Service was arranged to be commenced in January, 1861,
two years being allowed by the contract for building the vessels.

To accomplish what had been proposed, and fully to realise
the expectations of the Eublic, was naturally a subject of no small
anxiety to those on whom the responsibility devolved of
viding vessels so much in advance of any which had yet been
built. It was not a mere question of speed at the measured mile
in Long Reach, or in Stokes Bay; that had been shown to be
" practicable, by the great success of the Royal Yacht, which
attained the unprecedented rate of speed, at the trial trip, of 19}
statute miles per hour (vide Appendix, p. 595); the difficulty was,
to maintain such a rate of speed in severe weather, and under the
disadvantageous circumstances which must so often occur in the
passage of the Channel four times every day in the year; as to
1nsure comil:arative regularity in the due performance of a mail
service, with but very small margin for contingencies at sea. With
the object therefore of insuring this result, it was ultimately decided
to increase the size of the vessels to 2,000 tons, and that of the
engines in like proportion. Designs were received from the most
eminent builders in England. Those submitted by Messrs. Laird,
of Birkenhead, and Mr. Samuda (M. Inst. C.E.), of London, were
adopted. Messrs. Ravenhill, Salkeld, and Co., supplied two pairs
of engines, and Messrs. James Watt and Co. the other two pairs.
The dimensions and general arrangements of the four vessels are
so nearly alike, that the following description of one, the ¢ Con-
naught,” will be sufficient for all, '%his was built by Messrs. Laird,
as well as the ¢ Ulster’ and the ¢ Munster;' the fourth, the ¢ Lein-
ster,” was built by Mr. Samuda.

The ships are built of iron. The length between the Fer-

ndiculars is 334 feet; the beam is 35 feet, and depth 21 feet.
The keel is formed of a centre keel plate, 3 feet deep and
% inch thick, with two bars, 9 inches deep by % inch thick, on
each side at the bottom; these five plates, with the two gar-
board strakes, § inch thick each, are secured together with iron
bolts riveted and countersunk. On the top of the centre
keel plate, two angle iron bars are riveted, 5 inches by 4 inches
by 4 inch, and to these angle irons, and to the angle irons on the
top of the floorings throughout the entire length of the vessel, as far
as the fine ends will allow, is riveted a strong plate, 4 feet wide
amidships, and 2 feet 6 inches wide at the ends. There are
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also two very strong box keelsons, secured on the floorings at each
side of the keel, and another in each bilge. The general framing
of the ship and the outside plating are done in the usual way, care
being taken to have everything well put together. The engine
beams, paddle and spring beams, and all other beams for the

main and lower decks, are of iron. Timber has been used only
for the decks and cabin fittings. There are nine principal iron
water-tight bulkheads, which not only provide for the safety of the
ship in case of accident, but add greatly to her strength in a sea-
way. The bulwarks are of iron plates, in continuation of the sides
of the vessel to the rail, and without any break for gangways, such
not beiqg required for landing, eitber at Holyhead, or at King:»-
town. To give additional strength in the centre, where the weight
of the engines, wheels, and boilers, has to be carried, the insides
of the paddle-boxes are also formed of iron plates, continued from
the sides and bulwarks of the vessel, with a strong bow girder,
formed of an iron plate 15 inches broad and £ inch thick, so as
to provide ample means of resistance to the severe shocks which
these long vessels must encounter in rough seas, when driven at
such a high rate of speed. The gunwale is formed of angle
iron bars, 4 inches by 4 inches, riveted to the sheer strake and to
a plate which is riveted on the top of the beams. At a distance
of about 15 inches from this, an inner angle bar is riveted,
against which the wooden waterway is fitted, so as to leave the
outer part, between this and the gunwale, to form a drain to take
the water off the deck, and to discharge it through the scupgf:.
This arrangement, which was introduced by Mr. Laird, has been
found very convenient, in freeing the decks quickly from water.
These iron gunwale plates are 5 feet wide by %}inch thick amidshi

tapering gradually to about 2 feet 6 inches by 1 inch at the ends,
with a system of diagonal tie plating from side to side, securely
bolted or riveted to the deck beams. Between the paddle-boxes,
an upper deck, about 50 feet in length, has been placed. Itis
laid on iron beams well secured, and being provided also with
diagonal tie plates, it further adds to the strength amidships;
though the primary object was for the more rapid embarkation and
landing of passengers and luggage at times of low water, both at
Holyhead and at Kingstown. It also forms an agreeable prome-
nade for the passengers in moderate weather. The wheel and
the binnacle are placed on this upper deck, so as to allow of the
commander and the officers being near to the men engaged in
steering. All difficulty is thus avoided in passing the word, a dis-
tance of nearly 200 feet, as would have been necessary, in the or-
dinary way. The entire of the main deck, from the foremost
funnel to the bows, is covered over by a hurricane deck formed
with angle iron beams, 5 inches by 2} inches, extending from the
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rail at each side, and boarded over with planks 1} inch thick, leaving
when at sea but one small opening round the foremast. This con-
struction has been found of great advantage in throwing off the
seas, which previously to the vessels being thus protected, occasion-
ally in heavy weather caused .d to the skylights and upper
works, The weight of so large a piece of work, about 140 feet in
length, is considerable, and increases the immersion of the vessel
forward ; but this has been amgly compensated for, by the security

afforded when pressing at a high rate of speed in tempestuous

weather. There has not been the slightest damage to any of the

vessels, during the last two years, since they were completely pro-

vided with this excellent protection. The plan was copied from a

small vessel, the ¢ Menai,” fitted out in Liverpool for the River Plate

in 1854.

The engines for all the vessels are on the oscillating principle.
In the two pairs made by Mesers. Ravenhill, Salkeld, and Co., for
the ¢ Leinster’ and the ¢Connaught,” the cylinders are 98 inches
diameter, with a length of stroke of 6 feet 6 inches ; the air-pum
are 54 inches diameter, with a stroke of 2 feet 6 inches. The eigﬁ
boilers are multitubular, four being at each end of the engine-room
space, arranged in pairs, with one funnel to each pair. ere are
five fire grates in each boiler, 3 feet 1 inch wide, with bars 5 feet
6 inches%:lg. The boilers being placed lengthways in the vessel,
the firing space, which is 11 feet wide, is in the centre. The en-
tire extent of the grate surface in the eight boilers is 677 square
feet; and the heating surface measures 19,700 square feet. The
bunkers are small, being made to contain only one day’s ceal, as the
vessels can be supplied either at Holyhead, or at Kingstown,
during the inbervar between their arrival and departure. The
space occupied in the length of the vessel by the engines and
boilers is 108 feet, and this has been subdivided, by iron water-
tight bulkheads, into three compartments, an arrangement sug-
gested by Mr. Laird, and which has been found most beneficial
in giving strength in a part of the vessel which might otherwise
have been weak, and unequal to the severe strain of the powerful
machinery working in the heavy sea-way of the Irish Channel. The
wheels, ;{icb are constructed on the feathering principle, with four-
teen floats each, are 31 feet in diameter at the outside of the floats,
or 27 feet to the centre of axis; and each float is 12 feet long

by 4 feet 4 inches broad. On the trial trips, the engines worked at
the rate of 254 revolutions per minute, under a steam pressure of
25 1bs. per square inch. The mean of the runs of the ¢ Leinster,’
at the measured mile in Stokes Bay, was at the rate of 20} statute
‘miles an hour, a greater speed, by upwards of one mile an hour,
than bad been previously attained by any other vessel. The
Connaught,” when subsequently tried at the measured mile in
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Stokes Bay, attained a higher result, the mean of her runs show-
ing the speed of 203 statute miles per hour. (Vide Appendix,
. 595.

P The )‘Ulster > and the ¢ Munster’ were built by Messrs. Laird,
on exactly the same lines as the ¢ Connaught’ The engines of
these vessels were constructed by Messrs. James Watt and Co., of
Soho, the same establishment from whence the engines proceeded
for the first steam vessels built for the Post Office for the perform-
ance of the Holyhead Mail Service. Boulton and Watt would
have been somewhat surprised, if it could have been foretold, that
their successors would have been called on to construct engines ten-
fold the size of what they had made, to be placed in vessels tenfold
the tonnage of the ¢ Royal Sovereign’ or the ¢ Meteor,” and for the
same line of postal communication. The general arrangement of
the engines in the ¢ Ulster* and the ¢ Munster’ i nearly the same
as of those in the ¢ Leinster’ and the ¢ Connaught.” The cylinders
are, with a length of stroke of 96 inches in diameter, 7 feet. The
wheels are 33 feet in diameter over all. The boilers have each
six fire-places, 2 feet 6 inches wide, and the bars are 5 feet 6 inches
long, giving in the ate as large an extent of grate surface
as 1n the others. e area of the heating surface is 18,033
square feet. One funnel is used for the four boilers of each com-
partment, and as the coals are carried on the top of the boilers, th.e
entire space occupied in the ship by these engines and boilers is
but 102 feet. These engines were erected on the vessels in
the Liverpool Docks. There is not any measured mile at that port
for testing speed ; but from a return supplied by Messrs. Watt and
Co., of observations made on several trips, the rate attained appears
to have been 171 knots, or 20-3 statute miles per hour, and the
average performances of the ¢ Ulster’ and the ¢ Munster,’ contrasted
with the average performances of the other vessels, fully proves,
that this in no d overrates their speed, when going under the
usual conditions of a trial trip.

The internal ments of the vessels were planned with the
object of providing for the comfort and accommodation of the
gu lic, in the way best calculated to mitigate, and as far as possi-

le to prevent, the sufferings so usually inseparable from the
Eassa.ge of the rough Irish éshannel. For although the talented

uilders endeavoured to design a form which should be easy in a
sea way, both they, and those for whom they were building, were
well aware, that 1t was utopian to expect, as many appear to have
expected, with ships of even their large dimensions, a uniform hori-
zontal position in tempestuous weather. Enlarged size has mo
doubt, in many cases, lessened the motion at sea; but the chief
advantage in this instance is that, it has afforded the means of
providing reasonable accommodation for many passengers,—a want
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which had been so much felt with the previous smaller clas
of packets. The saloons and cabins in the new vessels are large,
lofty, and well ventilated. The principal one is upwards of 60 feet
in length, by 17 feet in breadth, and 9 feet 6 inches in height
On each side of this saloon there are state-rooms, with several
berths, or sofas. The ladies’ saloons and cabins, which are entered
from a large deck house by a separate staircase, are provided with
upwards of forty sofas and berths, independent of the accommo-
dation in the deck saloon and in the adjoining state-rooms alw
on the main deck. First-class passengers have excellent sleeping
cabins in other parts of the ship, and there are also two commodious
deck cabins, one of which is appropriated as a smoking-room.
The cabins for the second-class passengers are placed forward.
Throughout the whole of the communications which took place
between the builders, the engineers, and the Directors of the &nn-
E:ny, the most perfect concord prevailed ; all parties appearing to

actuated by the desire to produce vessels and machinery in every
way calculated to fulfil the high expectations which so much public
discussion had raised.

A better opportunity could not have been desired for attaining
a good result, than the Holyhead and Kingstown mail line. There
was sufficient depth of water at all times of the tide, with no
natural obstruction to the navigation of the Channel, and the
short distance needing no great weight of coal, and no being
carried, the vessels would at all times have very nearly the same
uniform immersion. Besides, the vast importance of the communi-
cation justified an expenditure for the mail service, which could
not be tindertaken as a commercial speculation, to be remunerated
solely by the conveyance of the traffic. All these advantages
united, afforded an unprecedented opportunity, which those en-
ﬁﬁed in the work fulf appreciated, and they endeavoured to

e the most of it. Itis due to them to state, that after the
contracts had been entered into, every suggestion made during the
progress of the work, with the desire of providing further improve-
ments as to strength, or accommodation, was at once adopted
though attended with increased cost. The result proved that the
unbounded confidence which was placed in the contractors, by the
Directors of the Company, was well deserved.

The cost of the four ships to be provided, in accordance with the
contract, was £75,000 each. The actual cost has, however,
greatly exceeded the amount agreed to be expended by the Com-

y, in consequence of the size of the vessels having been en-
arged to upwards of 2,000 tons, and the engines in about the
same proportion ; a change which has obtained increased accom-
modation for the public, and probably a superior performance of
the vessels at sea.

e
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One of the principal peculiarities, which render these vessels of so
unique a class, is the post-office fitted for sorting letters during the
e. Thes occupied for this purpose extends across the
entire breadth of the vessel, and for the length of 30 feet, between
the first and second class cabins. It is divided into two rooms,
one for letters, and the other for newspapers. In these rooms the
sacks are opened, the contents taken out and arranged, by eight, or
ten sorters, under the direction of a head superintendent. The
letters are stamped with the post-office packet brand, the postage
label cancelled, and all the operations completed, so tﬁat tie
letters are ready for delivery, or to be forwarded to their desti-
nation, on the arrival of the vessel at Kingstown. About two hours
are thus saved in the transmission of the mails, in consequence
of their being made up on board, instead of after their arrival at
the General Post Office in Dublin. Besides the gain in time thus
secured for _%ostal purposes, the main object to be attained was
regularity ; while for passengers, accommodation was perhaps even
more to be valued than extreme speed. To fulfil all these con-
ditions, it was necessary to have very large vessels; such only ob-
viously allowing the requisite extent of accommodation, and ex-
perience had shown that the larger the vessel, when provided with
adequate power, the less was the difference in the length of the
passage at sea caused by severe weather.

The contract with the Postmaster-General had appointed January,
1861, for the compmencement of the Improved Service. But the’
vessels being in readiness some months sooner, it was commenced,
by mutual agreement, in October, 1860, and has since been con-
tinued without interruption. When two of the vessels, the
¢ Leinster” and the ¢ Ulster,’ were completed, and ready for duty,
it was thought advisable to make a trial with them, by way of
practice, in the performance of the old contract. Each performed
the distance between the lighthouse on Kingstown Pier to the light~
house at Holyhead, upwards of 65} statute miles, in nearly the
same time on the average, namely, the ¢ Leinster ’ in three hours
and thirty-one minutes, and the ‘Ulster’ in three hours and
thirty-two minutes, being respectively thirteen and twelve minutes
less than the shortest monthly average of the ¢ Banshee’ in 1848-49,
and twenty and nineteen minutes less than the ¢Llewellyn,” when
the distance between the lights was one mile less than in 1860—
the Holyhead breakwater mot having been then in existence.!
The gain in speed realised by the new vessels was therefore at
the rate of from 1-2 to 17 mile per hour. '

Before however giving an account of the actual performance of

! The courses are laid down on the plan of Holyhead Harbour attached to this
communication.
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the contract for the Improved Service, which is one combining the
land journey with the passage of the Channel, inclusive also of the
time occupied in the transfer of the passelﬁers, mails, and
1 between the packets and trains at the Holyhead jetty, it
will be right to state the means agreed to be provided by Govern-
ment for the berthing and accommodation of the large vessels at
Kingstown and at %Iolyhead. This subject had from the firt
engaged the anxious attention of the promoters of the Improved
Service, for they were well aware, that any attempt to convey the
mails with regu{a.rity between London and Dublin in eleven hours
and a half as pro , would be wholly unsuccessful, unless landing
piers were provided at both sides of the Channel, easy of access in
all weathers, and such as would allow of the berthing of the vessels,
and the transfer of all on board, with the utmost economy of time.
A stone jetty, perfectly adapted to meet all these requirements,
had been commenced in Kingstown Harbour by the Board of
Works, in accordance with the plans of the late Mr. Barry
Gibbons, in 1852, provision having ll))een made for the continuation
of the line of rails, so as to connect it with the Dublin Station.
The late Mr. Rendel having stated his objections to this pier, both
as connected with the safety of the vessels and the convenience of
the public, the work was ordered by Government to be suspended,
and it was not again resumed, until after a full inquiry by a com-
mission of naval officers appointed for the purpose by the Admi-
ralty. Their report was so decisive in favour of the pier as ori-
ginally designed, that the work was immediately resumed, and it
was completed and ready for use in good time. After a daily
ex;;’erience of nearly three years, it is due to the memory of Mr.
Gibbons to testify, that this packet pier has fulfilled to the utmost
the most san%.line expectations of all who were qualified to give an
opinion on the subject. The packets usually arrive at the west
side, where the ngers langafmder shelter, and taking their
places in the mﬂp::se iages, are conveyed to Dublin in fifteen
minutes. The packets are afterwards backed round the semi-
circular end of the jetty to the east side, where they remain in
readiness for the outgoing mails. They lie in still water at all
times.

The new harbour at Holyhead, which was sanctioned by
Parliament with the twofold purpose of providing for the mail
ﬁcket service and for refuge, had made considerable progress

fore any definite plan was arranged for the primary of these
objects. Mr. Rendel, a short time before his gast illness, had
_—been in communication with the steam and railway companies, to
" ascertain their views as to the arrangements which would best suit
(the Irish service ; but requiring that the position should be in a
‘epth of water sufficient for the accommodation of the Trans-
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atlantic vessels, it being at that time anticipated that Holyhead
would be fixed as their port of call. The death of Mr. Rendel
goon afterwards left the decision in the hands of his successor,
Mr. Hawkshaw, (President Inst. C.E.,) who renewed the in-
quiry with a similar limit as to choice of position. The result
of his investigation was a plan for very extensive piers, with
quays upwards of 3,000 feet in length, which met with the
approval of all the parties whom he consulted, and he omitted
none who were interested in the subject. These plans, the
estimated cost of which was £425,000, were sanctioned by
Government and by Parliament in 1858. Provision having thus
been agreed to be made for the safe, easy, and expeditious berth-
ing of the large vessels, near the entrance of the new harbour, and
for convenient communication with the railway and trains, the united
companies entered into the joint contract with the Postmaster-
General for the performance of the entire journey between London
and Kingstown pier in eleven hours, guaranteed under penalties
for excess of time, unless arising from causes beyond control.
These penalties were not, however, to be put into operation, as

roposed on the part of Government, until the piers which had
Eeen agreed to be provided were completed. e vessels being
ready, it was arranged by Government, that the service shoul
be commenced and carried on, as well as the circumstances would
admit, without penalties, so long as the vessels and trains were
confined to the use of the timber-jetty, constructed at the end of
the old packet quay for temporary use, pending the completion of
the permanent works. It will thus be seen, that there is yet to be
g:ovided one link for the chain of the improved communication

tween London and Dublin; a most important link which had
been very carefu]lf considered, and specially stipulated for, as
essential to the full accomplishment of the plan which had been
prolpoeed for adoption.

t remains now to give some information as to the manner in
which the new service has been performed since it was commenced
in 1860. From what has been already stated, with regard to the
speed of each of the vessels on their trial trips, when, as is usually

e case on such occasions, the utmost power of the engines is
exerted during the short time required for the run of a few miles,
it may be readily seen, that for actual daily duty, the difference
between the four vessels is inappreciable, a matter of paramount
importance to a mail service. The extreme difference in the
rate of speed on trial appears to have been about half a mile an
hour, which would add but six, or seven minutes to the passage -
between Holyhead and Kingstown, taking the present course at
57 knots, or a little over 654 statute miles ; the extension of the
great breakwater having added more than a knot to the distance
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given in the Admiralty Returns, as having been performed by the
¢ Banshee,’ the ¢ Llewellyn,’ and other packets in 1849-50. A

of 174 knots, or 20 statute miles per hour, on the trial trip, allows
a safe margin for making the passage commonly in four hours,
the time proposed by Government ; but this large margin has not
in practice geen found too much. Again, it may be observed,
that there is a considerable difference in running a few times by
the measured mile, when all is tasked for a short time to the
utmost ; and making a single complete }I)fl;sage of the Channel,

even under favourable circumstances. us, while the ¢Con-

naught’ attained a speed of 203 statute miles an hour on her trial

trip, her shortest e of the Channel occupied three hours and

fourteen minutes, being at the rate of about 20 miles an hour. The

ghortest passage of the ¢ Leinster’ was made in three hours and

twenty minutes; that of the ¢ Ulster’ in three hours and eighteen

minutes, and of the ¢ Munster’ in three hours and twenty-six

miriutes. But the average performance of the vessels for the two

years and five months during which they have been on service is

still closer. Inclusive of all passages made in fogs, gales, &c.,

h m.
The ¢ Connaught’ made 1,064 in the average time of 3 515

The ¢ Leinster” . . 919 ”» 3 52-5
The <Ulster’ . . . 925 v 3 55
and the ¢ Munster’. . 920 » 3 581

So close a performance by the four vessels, not identical and
not all from the same builders and engineers, could scarcely have
been anticipated. The longest passage made in the severest gales
has not exceeded five hours and forty minutes, and one vessel
only has been that length of time on but two occasions. The
previous packets were retarded by the weather to a far greater
degree. The ¢ Banshee * has taken nearly eight hours to cross the
Channel ; the ¢Llewellyn,” the ¢ Caradoc,” and the ¢St. Columba’
still more. Nearly four thousand passages have been already
made without collision, except on one occasion, which happily was
not attended with very serious consequences. Experienced naval
officers anticipated frequent and serious disasters, but the rate of
speed, 16 miles an hour, though high for night-work, does not ap-
pear to have been too high for safety. The sense of greater re-
sponsibility, and the larger number of men engaged in the navi-

tion and management of the vessels, must naturally induce
additional precaution, as well as afford the means of guarding
against danger. The facility with which these large vessels are
handled and brought alongside the jetties is remarkable. The
practised skill of the officers, and the quickness with which the
engines are managed, frequently succeed in getting the vessels along-

LEA N
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side, in making them fast, establishing the means of communication
with the shore, and in landing the mails in three, or four minutes.

The consumption of coal in the first few months was con-
siderably in excess of the quantity originally estimated. Steam
of from 251bs. to 281ba Eressure was then used, which not only

uired much extra coal, but severely taxed the durabilit{ of the

_boilers. Arrangements were therefore made to reduce the con-
sumption to the amount stated in the estimates submitted to
Government, on which the contract was founded. The result has
been satisfactory, while the additional time occupied on the
is but a few minutes, and they are still made on the
average within the time allocated to the sea service by the pro-
of Government. The necessity of laying up the vessels
more frequently for repairs has been also diminished, which is a
matter of much importance, as they are of so unique a class, that
in the event of more than two being laid up at the same time, it
would be impossible to obtain an efficient substitute, and therefore,
the postal service might be exposed to some danger of interrup-
tion, if such circumstances were to continue for any length of time.
The engines in the ¢ Ulster’ and the ¢ Munster’ were provided
with superheaters, but experience has not shown any advan-
tage resulting from their use, either as reducing the consumption
of coal, or tending to a superior performance. These vessels have
made in the aggregate 1,845 passages, in the average time of 3 h.
56 m., and have consumed 30 tons 7 cwt. on the average of each,
inclusivé of the quantity required for raising steam, which is very
considerable. The ¢ Leinster’ and the ¢ Connaught,” without super-
heaters, have made 1,983 ,in the average time of 3 h. 52 m.,
and have consymed (inclusive of raising steam) on the average,
80 tons 1 cwt. of coal.

No break-down has taken place with any of the engines. On
two occasions some derangement occurred with the wheels. Very
constant attention is given during each ‘rest’ after the usual term
of duty, to the machinery and the boilers, so as to prevent the
necessity of extensive repairs.

The principal trouble has arisen from the difficulty which
appears to be experienced, in obtaining sufficiently sound forgings
for the large intermediate air-pump crank shafts. As a precau-
tionary measure, two duplicate shaas fitted with cranks had been
included in the original order, one suitable for either pair of
engines from each firm, so that no time might be lost in replacing
one, if at any time it was found to be defective, or appeared to
be doubtful. This was no needless precaution, as within the first
year it was found necessary to condemn two shafts, and to use the
duplicates, and the vessels were ready within the week for service
instead of being laid up for months.  Two new spare shafts were

(1862-63. n.s | 2a
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immediately again ordered, and these have since been required:
and another of steel, made by Mr. Krupp (of Essen), is also now
in use. 'Thus, within the space of two years and a half, five of
these eostlz pieces of work bave been already condemned. Itis
justice to the makers of the engines to state, that they have met
the case in the most satisfactory manner. No failure has hitherto
occurred with any of the shafts supplied by the Mersey Steel and
Iron Company, and they have done their full share of duty. Very
great exertion was made by that establishment on one occasion to
prepare a forging within the short space of three weeks, to replace
one under peculiar circumstances, which rendered the utmost ex-
pedition important.

With regard to the ships, it is very satisfactory to be able to
state, that no repairs have so far been needed. ey are now in
as perfect a condition, after the performance of their severe duty,
as when they commenced in 1860. The freguencg of docking, for
the purpose of cleaning and coating, has afforded constant oppor-
tunity of examination, but painting only has been found .

To maintain speed, it 18 obviously indispensable to keep the
bottoms of the vessels clean; but as no docking accommodation
has as yet been provided at Holyhead, and it being objection-
able to remove the vessels from the station to the graving-docks
of other ports, if ible to avoid doing so, the experiment of
employing divers, wmlthe vessels lay alongside the jetty, was tried
last summer, and with some success. The growth of marine vegeta-
tion, and the adhesion of marine animals, which take place rapidly
in the summer months, were prevented to a considerable extent.

The Author, connected as he has been with the sea part of this
service, has thus endeavoured to give the information which con-
stant and anxious watching over it from the commencement has
enabled him to do. He postponed submitting to the notice of the
Institution any communication on the subject, until a sufficiently-
prolonged experience might justify the expectation of a continuance
of the same performance. It would be wrong, however, to close
this Paper, without referring to the admirable performance by the
London and North-Western Railway Company, of the land portion
of the journey from London to Holyhead; the punctuality of the
arrival of the trains on the jetty there, the speed maintained, and
the excellence of the carriages supplied, are the subject of universal
approval. Further improvements at present unthought of may no
doubt be yet brought into operation ; but whatever changes may take
place, there would appear no reason for anticipating that the
communication by way of Holybead will ever cease to be the best
for postal purposes, and to be preferred by the travelling public, so
long as the entire distance between London and Dublin can be

accomplished within eleven hours and a half.
[APPEXDIX.
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Mr. J. Scort RussELL, V.P,, said, the regularity in the per-
formances of these vessels in all weathers, their close approximatica
with each other, and the high speed that, considering all the cir-
cumstances, had been uniformly maintained, must be re, ed as
most satisfactory ; for with so high a rate a serious mistake in any
of the vessels must have led to a marked loss of speed. A vessel
built on suitable lines, and 320 feet long, ought to attain a speed
of between 20 and 21 miles an hour, and these vessels had, it
appeared, doune all that could be expected in bad weather, as well
as maintaining the speed due to their length. This result he
considered peculiarly gratifying, inasmuch as he was many years
ago examined before a Committee of the House of Commons, as
to whether a velocity of 20 miles an hour, then thought to be
impossible, could be obtained, or maintained, between Holyhead
ang0 Dublin, by vessels of any conceivable dimensions; and be
could only succeed in convincing the House that such a resalt
could be obtained, by repeating the same evidence before several
Committees. At last, however, it was accomplished : and ship-
builders began to consider, that, with adequate power, 20 miles an
hour was w%at a properly designed vessel ought to do. -

Although the articu{ars given were interesting and valuable,
there were several points on which further information was desir-
able, to make the Paper complete; as, for instance, in cach case,
the area of the midship section immersed, the displacement of
the ship, the extent o? immersed skin, and the proportion of
})ower given out by the engines, when a given amount of per-

ormance was attained by the vessel. These were a few technical
points, which Engineers would like to have, in order to see what
difficulties had been overcome, and how they had been sur-
mounted.

Mr. SaMUDA stated that, on the trial trip of the ¢ Leinster’
in Stokes Bay, the area of the midship section was 336 feet, the
displacement was 1,900 tons, the average draught was 12 feet
9 inches, the steam power was 4,751 indicated H. P., and the
speed was 173 knots, or 20} miles per hour. Taking these par-
ticulars, the co-efficient did not appear high: but the vessel went
through the water with very little disturbance, in fact, it scarcely’
raised a wave, so that as far as could be judged by ordinary ob-
gervation a considerably higher performance might have been ex- -
pected. Whether the great speed had anything to do with the
comparatively low co-eflicient, or whether it arose from the dip
of the wheel, he could not say. The extreme diameter of the

dle-wheels was 31 feet, the diameter at the centre of the axis
was 26 feet 10 inches, the stroke of the engines was 6 feet 6 inches,
the diameter of the cylinders was 98 inc%les, and the number of
revolutions was 264 per minute. The engines worked very
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smoothly and well. The slip of the paddle-wheel during th
trial of the ¢ Leinster’ was actually 19-41 per cent. .

Mr. BRERETON thought it desirable to have some explanation,
with regard to abandoning the use of the superheating apparatus
so soon after its application, and the grounds on which it was given
up. There were strong advocates for superheatini, and, as far as
experience went, the moderate use of it appeared hitherto to have
been satisfactory.

Mr. E. A. CowprER considered, that in a Paper of this kind,
full details should be given. He would be glad to know whether
the cylinders and cylinder covers were fitted with steam jackets;
at what degree of expansion the steam was cut off ; what was the
surface of the superheaters, to what temperature the steam was
superheated, and how long the superheaters lasted ; and what was
the diameter and width of the wheels, and the size and dip of the
floats.

Mr. WATsoN said, it had not been his purpose to enter into the
engineering details of these vessels, but merely to give the results
_ of his experience of their working. The course he pursued, with
regard to the plan of vessels for the Improved Service, was this.
He made inquiries as to the speed of the fastest ship then known,—
the Royal Yacht,—and as soon as it was determined that this service
should be established, the Admiralty afforded him every facility
for ascertaining the capabilities of that vessel. The result satisfied
him and his colleagues that what was desired could be achieved,
by bui]ding vessels with finer lines, with less immersion, and with
less midship section, than the Roia] Yacht ; and then by putting
more power into them, a slightly higher ’;Peed might be obtained.
The result had been as anticipated. The speed of the Royal
Yacht was a trifle under 17 knots, and the fastest of these boats
was over 18 knots, an hour. The Appendix to the Paper (page 595)
would be found to contain some of the particulars asked for, in
reference to two of the vessels engaged in the Improved Service,
the ¢ Leinster’ and the ¢ Connaught,” as well as of some others.

With regard to abandoning t%le use of the superheating a
paratus, the Company had placed themselves unreservedly in the
hands of the Engineers. Mr. Ravenhill did not recommend super-
heaters, but Mr. Blake (of Messrs. James Watt and Co.) was in
favour of the system, and on the Company acquiescing in his
advice, the apparatus was supplied. The superheating apparatus
mentioned in the Paper consisted of a casing round the lower
part of each funnel, about 12 feet deep, in which were placed
divisions of iron plates, which acted also as stays inside. It was
found, however, after some time, that these divisions were wholly
destroyed by oxidation, and some anxiety was felt lest this might
cause an accident; as portions of the decayed parts of the divi-
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sions, having fallen to the bottom of the superheaters, got into the
slide-valves, and materially damaged them. The great incon-
venience and expense of renewing the slide-valves induced the
discarding of these superheaters; and as it further appeared that
economy of fuel and greater speed were rather in favour of those
vessels in which they were not employed, the reasons were all on
the side of abandoning the system. %esides, there was to be con-
sidered not only the question of the expense of the repairs of the
slide-valves, &c., but &xe laying up of the vessels during the time
of these repairs, as laying up one vessel out of four, with a ser-
vice of four passages daily, was a serious matter. If from such
causes the Company should be reduced to two vessels—as had
been the case—and an accident occurred to one of those two,
the mail service between England and Ireland would be jeopar-
dized. It was most important, therefore, not to have anything
connected with these ships which involved increased liability of
interruption of the service. :

Mr. Pripps thought no subject was more interesting than that
of the skin resistance of vessels, as being one of the elements of cal-
culation which limited their length ; and he should have been glad

if the Paper had contained details of that kind. On previous -

occasions' he had drawn attention to the singular difference in the
co-efficient of the friction occasioned by water flowing through pipes,
or water courses, as compared with the skin resistance of vessels,
On a vessel going 12°2 miles per hour, or 17-9 feet per second, the
skin resistance was shown to be about 11b. on every square foot,
whilst in a pipe the resistance was about 2 Ibs. at the same velocity.
It would be useful to inquire, what was the cause of that difference.
In the present case, at 20 miles an hour he calculated the friction
on every square foot of the ship’s immersed surface was about
23 1bs. ; it wasevident, therefore, that this was an important element
in determining the best proportion between the length and the
breadth of a vessel. From data in the Paper it appeared that
the slip of the paddle-wheels was about one-seventh only of the
speed of the vessel. This he conceived to be unprecedentedly
small. It would be interesting to know whether practically the
slip differed much in the feathering and the common paddle-
wheels, and whether the floats of the feathering paddles were liable
frequently to get out of order. -

Mr. E. HumpHRYS observed, in reference to the statement that
vessels 320 feet in length might be expected to have a speed of
- from 20 to 21 miles an hour, that if the results obtained by these
boats were compared with the Royal Yacht, it would be found that

! Vide Minutes of Proceedings Inst. C.E., vol. xiv., p. 802; and vol xvi,
pp. 387 and 360,
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their extra length had been a considerable drawback ; although he
fully admitted that their performances were remarkable. The
proportion between the lenFth and breadth of the Holyhead boats
was 9} to 1, whereas the length of the Queen’s Yacht was only
7} times its breadth, the absolute length of the latter being
306 feet, and the beam 40} feet. In the absenge of indicated H. P.,
he thought it fair to take the area of the fire-bars as representin
the power exerted by the engines ; as he did not believe there woulg
be much difference in the power obtained from a given amount of
fire-bar by any of the respectable makers of marine-engines. If the
cube of the speed of the Holyhead boats (204 miles an hour) was
multiplied by the midship section, and then the product was
divided by 677 feet, the area of the fire-bars in the ¢ Leinster,”
the co-efficient of 4,480 would be obtained. In the same way,
taking the speed of the Queen’s Yacht at 19-35 miles an hour,
the midship section as 393 feet, and the area of the fire-bars as
540 feet, the co-efficient for the ¢ Victoria and Albert’ would be
5,272. Where then, he asked, was the advantage of the longer
ship? These were interesting facts to be discussed amongst Engi-
neers; and although the commercial value of the transaction
should form one part of the inquiry, yet Eniineers had to ascertain
what results were obtained by increasing the power, ll:¥ adding to
the length of a vessel, and by giving her finer lines. Now turning
to the midship section of the two vessels; in the ¢ Leinster,” the
midship section on the trial trip was 336 feet, and the power
exerted is now stated to have been equal to 4,751 horses. 1If the
¥ower was divided by the midship section, the result per square
oot of section would be 141 horses. In the Queen’s Yacht
the power indicated on the trial trip was as nearly as possible
equal to 2,980 horses; that power divided by 393 feet, the mid-
ship section on the trial trip, gave only 7-59 horses per foot of
section. Where, again, was the value of the long ship? He
believed that, when the length exceeded seven, or seven and a half
times the beam, it was a positive disadvantage ; and he disputed
altogether the assertion of ﬁ): Scott Russell, that length only should
be considered, in determining the proportions of a fast steamer.
With regard to superheaters, he had fitted a great many vessels
with them, and had found that when they were made of iron their
duration was about two years and a half; in the Holyhead boats
they did not appear to have lasted so long. Mr. Humphrys now
made them of copper a.quarter of an inch thick, and steamboat
companies found 1t advantageous to have them of copper.

e slip of the feathering wheels was about 20 per cent., taking
the centre axis of the float-boards. He believed the slip of the
common wheels would be found to be about 30 per cent. upon the
outer circumference of the boards.
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Mr. A. L RoBERTSON said, taking the midship section of the
¢ Connaught * at 336 square feet, the indicated H. P., at a ?d
of 207 miles an bour, at 4,730, and allowing two thirds of the
indicated horse power as effective, he found that the resistance
per square foot o?omidship section at 10 knots an hour, which was
a usual standard of comparison between vessels, was 51 1bs. He
expressed a hope that Mr. Scott Ruseell would furnish the Institu-
tion with the results obtained from the ¢ Great Eastern,” which he
believed contrasted favourably with this.

Mr. HAWKSLEY said, as this subject had engaged his attention
for many years, he would venture to say a few words. During the
seseion of 1856-57, an interesting discussion occurred *On Hi
Speed Steam Navigation.”' On that occasion he investigated
the several properties of vessels of this description, and then saub-
mitted a rule, with some examples,? for ascertaining the resistance
to a vessel, when moving through water at any given speed. He
found by applying that rule to the vessels under consideration,
that the result would be a speed of rather under 20 statute miles
per hour, which agreed very closely with the speed he understood
these vessels had actually attained. Since that period he had taken
advantage of opportunities of practically testing those investigations
in various ways, and he found they might be relied upon with cer-
tainty, within 5 per cent.

With regard to the question of the skin resistance, he disagreed
with the opinion, that it was greater on the inside of a tube than
on the outside; in point of fact the skin resistance was the same
in both cases, and taking the speed at 10 miles an hour, or 15 feet
per second, it amounted to about 25 ounces per square foot of
surface. That might be taken as a practical fact, and the result
was thig: that in veasels of this description going at high s —
the vessels being of considerable length and attaining high ve-
locity,—the midship resistance might be disregarded, and the skin
resistance alone be considered. The minimum resistance took
when the length of a vessel was about seven times its breadth. If
that was exceeded, the result was less satisfactory. The midship
resistance, which had hitherto been generally regarded as important
—and correctly so in the case of slow-moving vessels—became of no
importance, and almost vanished out of the equation, when applied
to a vessel of sharp lines and moving at a high velocity, and 10 fact
the only thing to be considered practically was the amount of skin
resistance. The problem was thus reduced to a simple solution :
and taking that mode of calculation, of which examples were given
in the discussion he had alluded to, it was poesible, with regard to

! Vide Minutes of Proceedings, Inst. C.E., vol. xvi., pp. 827-370.
3 1bid., p. 855.
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any of these fast-going sharp vessels, —knowing the power of the
engines, and the dimensions of the vessels,—to ca.lcuﬁote certainly
wit%ﬁn 5 per cent. the actual speed they would attain.
Mr. Scorr RusseLL, V.P., thought it only wanted an explana-
tion of words to clear up any apparent discrepancies. He made
some experiments twenty years ago, which first acquainted him
with the *true state of the facts, in regard to skin resistance and
midship section.. He was able to do what had not been often done
in steam navigation, to tow one large steam ship by another large
steam ship, with a rope, and a dynamometer; and to ascertamn,
before he applied the steam, how much positive, direct tractive
force was necessary to draw that vessel through the water at given
speeds. He then found that on a fine smooth copper bottom, with
a favourable form for the speed intended, 1 1b. per foot, at 11 knots
an hour, gave the measure of the resistance of the skin. The co-
efficient of resistance on the midship section, not being of the fine
forms since used, was one-sixth part of what was called head resist-
ance. This would lead to a conclusion similar to Mr. Hawksley’s
formula. The resistance of the skin was most important. As Mr.
Humphrys said, it was fatal to extreine length in proportion to
breadth. He did not think, however, that a little short boat,
with fine lines, say with a beam of only 4;th of the length, could
ever be made to go fast. He believed that an absolute length
of ship was necessary to a given speed. Mr. Russell doubted
whether a speed of 20 miles an hour could ever be obtained
in a vessel of less length than about 300 feet, however much
the midship section might be diminished, and whatever the
character of the marine engine by which she was propelled. With
a vessel 300 feet in length, a wide boat could be made to go
faster than a narrow one. That was a direct consequence of what
Mr. Hawksley bhad said, and was carrying out I(Yl(r. Humphrys’
own conviction. The reason was,—and’it was much stronger in
an iron ship than in a wooden ship,—that the skin resistance of an
ordinary iron ship might be as much as 2 Ibs. per foot at 12 miles
an hour. That accounted for the enormous quantity of power
that was expended in making these long fine boats go 20 miles an
hour, and he believed, that by adopting what he called the wave
form of vessel, which disturbed the water to the least amount
possible, the resistance of the midship section would be reduced
to a surprisingly small quantity. He had found it come under
one-twelfth part of the direct head resistance, and therefore he al-
most believed that in a proper ship the resistance due to the midship
section might be got rid ore altogether. For the last twenty years
he had expressed the belief that the wave form would accomplish
that; and he thought it was now arrived at, as all the calculations,
from the data given, as to the resistance due to the skin of these
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vessels, showed that pearly the whole of the power was required
dragging them away from the water which hung to them.

ﬁe mentioned a curious phenomenon which he could not ex-
plain, nor had any one else, that he was aware of, yet beem able
to explain if. On looking along a vessel when she was going fast,
a ribgon of water would be seen sticking to her, which was in a
totally different condition to all the rest of the water arourtl. In the
next place it would be observed that that ribbon never changed its
breadth with an alteration of the speed; that on a boat 100 feet
long that ribbon became 3 inches wide, on a boat 200 feet loi it
was G inches wide, and on a boat 300 feet long it was 9 i:ies
wide. That ribbon was in the act of being torn into shreds, and
the innermost layer stuck to the boat and went with it at the rate
of 20 miles an hour; then the next la.{cr only went 19 miles an
hour, and so on to the outer layer, which was still. What must be

the effect of that ribbon sticking to the ship he left them to judge ;5

but it had been considered enough to exhaust all the power of the

engines. He had driven small vessels through the water with
enormous power, at such a pace that they had communuicated the
whole of their impulse to this skin of water, and in such a manner
that the water in contact with the entrance of the bow had risen
up in one continuous sheet. This was a phenomenon he confessed
he did not understand. It was a new state of things, and he was
not prepared to say at what velocity it would be found to take

lace, nor what was the critical velocity at which the vessel no
onger dragged its ribbon of water with it, but forced it into the
air.

As to H.P. per foot of midship section for the purposes of
comparison, whclx)le it was known thp;,t at 22 knots, or 26 miles
per hour, the resistance on the skin would be 8 1bs. per foot, it was
clear that the skin of the vessel demanded more consideration than
the midship section. He hoped Mr. Humphrys would give the
Institution the benefit of his data, because what arose out of this

uestion would be important. The only fault Mr. Russell would
znd with the propagation of the power through the paddle wheels
was, that he would have given a longer stroke, to a given diameter
of paddle wheel, and that might have gained a little speed : but
thzlit was a difference of opinion to whici he did not attribute much
value.

Mr. WATsON remarked with regard to the length of these ves-
sels, that the question of passenger accommodation had mainly to
be considered. The space occupied by the engines and boilers
was 80 large, that without great length there would have been in-.
f aner accommodation, and the vessels could have

one little} more than carry the engines Ile quite agreed with
~ what had bsen said about’ skin resistance. Some years ago he

“=|
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had a conversation with Mr. C. Atherton (M. Inst. C.E.) on the
subject, when the City of Dublin Steam Packet Company contem-
plated lengthening one of their vessels, with the expectation of

ining considerably in speed, as well as in carrying capacity.

. Atherton was not sanguine of obtaining any great increase
of speed by decreasing the immersion, from the intended extra
length of the ship. e result was, that an increase of speed was
obtained, but not to the extent anticipated by the Company, from
the decreased immersion, and thus Mr. Atherton’s views were
proved to be correct.

He had been much interested in the subject of the skin resistance,
feeling sure that it had a greater effect upon the speed than was
generally supposed. The captains were constantly complaining,
that the vessels were losing speed from fouling ; therefore the ships
were repeatedly docked, and when examined, it was astonishing
how lit'ft:mthere was a ]parently calculated materially to affect the
speed, which practica?y corroborated what had been said with
regard to skin resistance.
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May 19, 1863.
JOHN HAWKSHAW, President,
in the Chair.

The following Candidates were balloted for and duly elected :—
WiLLiaM NeiLL and GEORGE SMITH, Junior, as Members;
Fraxcis FowkE, Captain, R.E., ALGERNON JoY, ARTHUR WILLIAM
StiFre, JosEpH HENRY Tuck, and WILBERFORCE WILSON, as
Associates.

No. 1,095.—“ On the Manufacture of Duplicate Machines and
Engines.” By Jonn FERrNiE, Assoc. Inst. C. E.

TuEe block-making machinery, designed by the elder Brunel for
Portsmouth Dockyard, was nearly the first introduction of that
system of special machines, each adapted to perform a particular
operation, which may be said to have culminated so success-
fully in the Small Arms Factory at Enfield Shortly before
Brunel's day the factory system had been established, in which
one machine shook out the impurities of the material, another
spread, a third twisted, and a fourth spun; but there was
no similar arrangement as applied to such refractory materials as
wood and iron. In the year 1851 a great impetus was given to
the extension of this system in Great Britain. It then became
more generally known, that the Americans had established factories
for the making of locks and fire-arms, and had, by means of the
Blanchard lathe, and of a system of copying from patterns, greatly
advanced in the manufacture of duplicates.

In Mr. Beamish's “ Life of Sir M. I. Brunel,”! it is stated, that
a saving was effected by the introduction of the block machinery of
about £20,000 per annum; that four men, with the machinery,
could make as many block shells as fifty men could produce without
it, and that, in making the sheaves, six men could do the work of
sixty ; so that ten machine-men could do the work of one hundred
and ten workmen. Another important result was that the blocks
were duplicates of one another, and the parts were interchangeable.

In the year 1855 the old cstablishment at Enfield was broken up,
and a new one was formed for the purpose of making rifles of
the 1853 pattern, on the system established in America. The
accounts for the year 1859-60 show, that the number of rifled

! Vide ** Memoir of the Life of Sir Marc Isambard Brunel.” By R. Beamish,
F.RS, 8vo. Lond, 1862. Page 97.
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muskets which had then been delivered into store was 87,405, on
which there had been expended a total sum of £178,588 10s. 74.,
being at the rate of about £2 1s. 8id. per arm; while the
contractor’s price for the same, at £3 3s. 84. per arm, would
have been 3272,509 58.; thus, a saving had been effected of
£93,920 14s. A proper allowance for depreciation on tools and
buildings was made, and no money value is claimed by the Enfield
authorities,on account of the arms being duplicates of one another.
It is only necessary to see a rifle put together at Enfield thoroughly
to appreciate the mechanical advantages of the duplicate system.
Thus, the separate pieces which form the lock are picked up in-
differently from heaps of such pieces, every one fitting into its place
most perfectly; and a rifle, the ;{ which have never been
together before, is formed in a few seconds from a lot of fittings
promiscuously thrown together, as any lock will fit any stock, any
stock will fit any barrel, and each part, however minute, will fit
any rifle. If any part be broken, or requires replacing, there is
a new one which will exactly fit it, 8o that wherever troops are
armed with the Enfield rifle, there is not any fear of a mis-
chance through a bayonet not fitting, and the armourer’s duty
is confined to the exchange of a few duplicate cocks or springs;
and, as it is only a system of exchange, a skilled armourer may be
dispensed with. Wﬁ:ther serving In Canada, India, or China,
the various parts of that delicate instrument can be sent from
home, with the certainty that they will fit the places for which they
are intended, and thus there is a great saving of time and money,
and the soldier is inspired with confidence in his rifle by the know-
ledge that it can be quickly made as good as new. It is no part
of the Author’s intention to describe the machines employed at
Enfield. The parts of the rifle being small, special machines are
adopted. These examples are only intended to show, that the
system of duplicates both cheapens and improves the manufacture
of all articles to which it can be applied.

Until lately, little or nothing had been done in the application of
this system to the manufacturing of machines, or engines on a large
scale. It -is true the principle had been acknowledged, and
various writers had urged the desirableness of its introduction into
the railway system ; but with such large component parts special
machines were out of the question, and the ouly other possible
mode was working to a correct standard. In the year 1840,
Mr. Whitworth (M. Inst. C.E.), of Manchester, read a Paper at
the meeting of the British Association in Glasgow “On Plane
Metallic Surfaces, or True Planes;” ! in 1851, at the Great Exhi-

! Vids “ Miscellaneous Papers on Mechanical Subjects.” By J. Whitworth, F.R.8.
8vo. Lond. 1858. Page §. ’
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bition in Hyde Park, he exhibited a machine for obtaininf accurate
minute measurements by touch ; and at meetings of the Institution
of Mechanical Engineers at Glasgow, in 1856, and at Manchester,
in 1857, he advocated the adoption of a system of measurement for
mechanical engineering work, in which the inch wasto be the basis,
sub-divided into a thousand parts for the finer dimensions. Inthese
Papers' Mr. Whitworth demonstrated, most satisfactorily, the im-
portance of fine measurements, and by models he showed that the
thousandth part of an inch was not only an appreciable quantity, bat
that in a great many cases that difference was what constituted a
bad fit.
The Author had long been satisfied, that the mode of taki
. dimensions in the worksﬁop was far behind the times. A long
carefully graduated rule was considered the standard, and was
used for setting out some of the work ; but its application in the
workshop was out of the question. The workman’s rule was the
real standard ; and a bare L;th, or a full alﬁ?nd’ of an inch embraced
a very wide field indeed, extending to the shrinking on of a tire, or
to the boring out of a wheel. With the sanction of Mr. Kirtley, the
locomotive superintendent of the Midland Railway, the Author
established a system which has, during the last five years, proved
most beneficial, not only in reducing the cost of the work, but in
greaﬂy in;i)roving it, and at the same time perfecting the only
y which all the parts of engines become duplicates of one another.
At first a small machine, made by Mr. Cocker, of Liverpool, from
Mr. Whitworth’s gauges, was used ; but it was soon found, that a
larger and better ma‘:i?ne was required. The system of end mea-
surement with a gravity piece, as invented by Mr. Whitworth, was
then adogted, and the machine first made took in 12 inches;
but this also was found to be insufficient, and it was lengthened out
to receive 100 inches. This machine consists of a strong bed plate
(Plate 22, Figs. 1 to 7), having a V groove planed throughout its
whole length. At one end there is a headstock, through which a
uare spindle, which fits the groove, is propelled by a hand wheel,
which forms the nut of a screw having ten threads to the inch.
This nut is in two parts, and can be tightened up by screws, so
as to prevent any lateral play; and a collar and washer, also
adjustable, prevent any play in the headstock. The other end of
the bed has also a headstock and a screw movement, so as to
adjust the length of the pieces in the groove, and to bring the
readings of the index to 8 The difference between this machine
and Mr. Whitworth’s is in the way the subdivisions of the inch
are obtained. In the Whitworth machine a screw, with exactly
ten threads to the inch, is first made; whereas in this machine, as

} Ibid., pages 89 and 57.
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a screw could not be found with exactly ten threads, it was neces-
sary to run a thread on the face of the hand wheel, and to sub-
divide this for the length required for an inch.

The manner of obtaining duplicates with such a machine is very
simple. [First, a piece of metal exactly one inch in length is cut,
and from it a second piece is made in the machine, by means of the
gravity piece ; then pieces, 3, 4, 5, 6, of 2, &c., up to 100 inches
are cut. 'These sizes are now kept as duplicates. The finer
dimensions are read from the divisions on the wheel, and from
these, gauges for the use of the workshop are now made. All
dimensions are thus duplicate multiples, or divisions of an
inch, and a bare one-sixteenth of an inch becomes not an un-
known quantity, variable with the rule or the eye of the work-
man, but so many thousandths of an inch, which are stamped on
the gauges, and are soon understood. One of the first applications
of the system in the workshop was to establish the neceseary degree
of tension required to insure the perfect fit of a wheel on its axle.
Two workmen were directed to make a pair of male and female
6-inch gauges for this purpose ; the one allowed ‘012 of an inch,
the other ‘003 of an inch, taking the larger dimension first, and
gradually reducing the difference. 'The experiments gave the fol-
lowing results: ,

EXPERIMENTS on DIfFFERENCES in DIAMETER in Boring and Turning WHEELS

and AXLES.
Perma-!
Ni Len, Diameter | Diameter | Differenc .
Kaper oF Py of | dn | ghemt Remarks.
riment.| Boes. Boss. Axle. |Diameter. of Boss, :
Inches. | Inches. | Inches. | Inch. Inch.

1 70| 5988 | 6:000 | 0°012 | 0°006 | Very tight. After ng off, wheel

and axle cut and slightly taper.

2 7°0 | 5°992 | 6-000 | 0°008 | 0°004

3 7-0 | 5°995 | 6:000 | 0005 | 0-002

4 7+0 | 5995 | 6:000 [ 0005 | 0003 | Very smoothly bored and turned.

5 7°0 (5997 | 6:000 | 0°008 | 0°000 | Ditto; rather too easy a fit.

6 | 7-0 | 6-495 | 6-500 | 0°005 | 0-001 Axle slightly taper; diameter
at 1°5 inch from outer
end . 6°498 inches.

7 7+0 | 6-498 6°500 ; 0007 | 0°003 | Tight. Ditto ,, , 6°498 inches.

8 7°0 | 6:491 | 6°500 i 0°009 | 0°005 | Verytight. Ditto ,, , 6°497 inches.

From this Table it will be seen, that with a difference of “005 of
an inch in the dimensions, there is a very small, permanent set in
the wheel boss, but with a difference of 003 of an inch the set is
hardly perceptible. It was found, however, that with ordinary
lathe work, 003 was rather too fine a dimension, as lathes are
seldom exactly true in their spindles, some boring slightly taper,
and some an oval hole. The size ‘005 was finally adopted, and for
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some years past all the wheels and axles have been adjusted to those
dimensions.

In shrinking on outside cranks it was found, by a series of
experiments similar to the above, that a difference of 015 of an
inch was amply sufficient to retain them in their places, the old
allowance being ‘030 of an inch; while crosshead spindles, of
2} inches diameter, pushed into their places by hydraulic pressure,

uire a difference of ‘004 of an inch; and levers with 3-inch
holes require a difference of only - 001 of an inch, when they have
to be driven into their places with a lead hammer. AN these
dimensions were previously empirical ; but with this system of
working they become known quantities.

The gauges used are exceedingly simple. Each consists of a
piece of steel about 1 inch wide, parallel in the width, two-eighthe
of an inch thick in the middle, and tapered towards the ends, which
are rounded. Each gauge is made nearly to the required length.
The ends are then hardened, and the bar is brought to the correct
standard Ly a whetstone, This gauge should just pass through the
eye of a wheel. The gauge for the shaft is of the horse-shoe shape,
and is made of steel, with the ends hardened. For wheel work, the
lathe men have copies of these gauges, and the foreman of the press-
shop has also copies, and it is his business to try if the wheels and the
axles are turned to the gauges, and if they are not correct, to reject
them. It will be seen gfcl)m this, how accuracy is not only easy of
attainment, but how it is checked. There is no difficulty in this way
of working ; it has been in use for years, and a misfit is unknown.
The valve motions of locomotive engines having to sustain a t
deal of wear, from the speed and pressure on the backs of the
valves, the pins and joints require to be carefully fitted and case-
hardened, after which they are ground to fit their places. While

exrosed to the carbonizing process, the pins expand and the joint-
holes contract. With the measuring-machine, this expansion and
contraction is easily found, and an aﬁlowauce being made for it in
the boring and turning, only the smallest amount of *lapping ” out*
is required, and a great deal of grinding is saved.

Plate 22, Figs. 9, show how the lengths of the eccentric rods
are preserved uniform. A is a hollow casting, supported on legs,
and being about the same height as a workman’s bench. This
casting is planed on three sides, and two castings, D D, which are
facsimiles of the eccentrics, are bolted on at on2 end. At the other
end two jaw-pieces E E are bolted on, corresponding to the position
which the links bear to the eccentrics. The workman first scrapes
the eccentric straps to D, and the joint is then brought down over
the jaws E E, and the pin F must pass through the joint and the
{;w-pieee. The rod is now perfect as regards length, nor can there
be any twist in the joint or pin, and the strap and rod are now
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ready for hanging on the engine from the hands of the fitter.
Plate 22, Figs. 10, show how the key groove is cut in the outside
cranks. A strong casting A, has its top and bottom surfaces and
the top of the lugs B planed; a wrought-iron plate C is then
fastened to the lugs B, and the tool being taken to the lathe,
the holes D and E are bored in it. The keybed and hollowed-
out part in C are carefully set out, and after being cut, the
late is case-hardened, and a large pin F is turned to fit the holes.
he crank H is pushed through between the surfaces A and C,
until the crank-pin fits the hollow part in C. The pin F is then
pushed into its place, and the set screws being brought down on
the crank, the work is ready for slotting. The eccentric ke
grooves are cut in a precisely similar way ; no setting out is required,
and there is no chance of any mistake from the carelessness of the
workmen. The cranks and eccentrics must be exact, or they will
not fit these tools, and thus a certainty is attained in the depth and
the position of the key groove. The corresponding templates for
cutting the grooves in the axles are shown in Plate 22, Fig. 8.
Considerable improvements have been effected in p]ate-moulding
during the last few years, and no system of machine-making woul
be perfect, without their application in the foundry. The plan
adopted at the Midland Railway works at Derby is not new, but it
is believed to be its first application to such large and complicated
castings as locomotive cylinders.! Plate 22, Figs. 11 to 17, show
how the cylinders are moulded. ~ Fig. 11 shows one-half of one of
the patterns ready for moulding. A is a hollow-plate casting,
the surface of which is planed for the half pattern to lie upon;
eight small strips on the edge of this plate are also planed, to fit a
larﬁe template, which has four holes in it corresponding to the pins
DD. The moulding boxes have corresponding strips on all their
edges, and after their joints are planed, these strips are planed to
fit the same template ; all the pin holes for the plates and the
moulding boxes being drilled with a pin drill from the template.
Centre lines are also run on the boxes and the plates from centre
lines on the template, and the half patterns are then attached to the
plates by pins, the centre lines on the patterns corresponding to the
centre lines on the plates. Fig. 12 shows how the steam chest is
moulded. A is a planed surface plate as before, and a pattern,
representing the surface of the steam chest, is inserted in it at
M, as shown in plan, Fig. 13, and two elevations, Figs. 12 and
14. The moulding box is dropped on the pins D D, and the
sand is rammed up as usual, after which the box is ready for the
drying stove. Figs. 15, 16, and 17, are longitudinal and transverse
sections of the moulding boxes, fixed together ready for casting.

! Moulding boxes for axle brasses wero exhibited at the Meeting.

[1862-63. n.s.] 2 R
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The core barrel G has strong castings at each end I T 11, which
are bored for the spindle K Hni, and are turned on the outer edge to
fit the moulding boxes. The middle part of the core barrel is a
wrought-iron plate, pierced with holes, on the outside of which is
shown the hay- dp and the core. The four different box parts
are shown at C1,C 2,C 3,and C 4. Box C 1is moulded from a

late as shown in Fig. 12. Boxes C 2 and C 3 are moulded from

alf patterns as in Fig. 11. These two boxes C 2 and C 3 have
their ends carefully bored out from the centre lines to fit the turned
parts of the core barrel, so that the weight of the core is not sus-
tained by the sand, but rests on the metal of the box part. C4
is moulded on a plate similar to Fig. 12, and requires no especial
description. The steam and exhaust cores are moulded in cast-
iron core boxes, carefully fitted on the inside, and the cores are
glaced in the stove in their own boxes, and by that means are free
rom twist, and are accurate in length and shape. As will be seen
from the sections, a minimum quantity of sand is used, and the
projecting pieces cast on the boxes do away with all lifters. By this
mode of moulding, the castings come cleaner from the sand, the
Fnteerns are not knocked to pieces by rapping, the cylinders are per-
ectly true in the bore and passages, and at the same time the
manufacture is brought within the grasp of any man who can
throw in the sand and ram it. Fig. 16 shows partly an end
elevation, and partly a section, of the boxes fitted together; the
mooo being for pouring in the metal and for the rising

It would be tedious to describe the different templates and gauges
used in completing the various parts of a locomotive engine made
on this system. It will be sufficient to say, that each separate part
is as carefully fitted as those already described, and that all the
dimensions are obtained from duplicate templates, representing
inches and parts of an inch, to three places of decimals.

Plate 23, Figs. 1 and 2, show the first step in fitting together the
various pieces, 80 as to insure uniformity in erection as well as in
construction. A isa large surface plate, strer’lﬁhened by deep ribs
and bars, the surface and edges being planed. Two brackets B B are
bolted to this plate, and have all their faces and edges planed. The
cylinders, after being fitted together, are placed on the two
brackets, the parts on which they rest being also planed. ‘The
two brackets C C have recesses planed in them to receive the
slide bars, and it is the duty of one set of men to fit the slide bars
D D, the spectacle plates, the cross head and slide blocks, the
piston and rod, the valve spindles, guides, and pumps. W hen
all these have been fitted together, the next operation is to lift
them on to the cradle C C, Plate 23, Figs. 4 and 5, which show
the mode of erecting engines from a true plane, all the upright
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lines being squared up from the beams A A, B B, the horizontal
lines being obtained by a surface gauge working on the same true
surfaces. The cradle C C is firmly fixed on the two cast-iron
girders A A, about 30 feet long. Their upper surfaces, which
are slightly above the floor of the workshop, are carefully planed,
as well as the edges and the grooves which correspond to the
edges of the rails. The planed lower edges of the cylinders,
already described, rest on t%e planed surfaces of the cradle at the
E‘ro r angle, and are brought to the centre lines on the cradle

, by the set screws at E E. At the ends they are adjusted to
lines which pass through the cylinders to the uprights S S, the lon-
gitudina] position being obtained by a straiggt edge laid on the
ace of the cylinders, corresponding with the planed surface on the
front of the cradle, on which are drawn the centre lines. The
inside frames L L are then attached to the cylinder; the holes of
both being drilled to a template, only require rose-bitting, the end
of the frame being supported by the upright at N. The outside
frames J J are then attached, by mea.nsr(l)% the bracket plates and
the buffer beams. As the pieces R R R correspond to the position
and dimensions of the axle-boxes, all that is required is to describe
on the horn blocks lines squared up from these pieces. These are
then removed, and being planed to the lines, the boxes are fitted
into their places; after which the wheels, motions, and rods, being
hung on, the engine is run over another pit to have its boiler put
on, an ol)eration which does not require a special description.

It will be seen, from this description, how parts, however large,
may, by this system of accurate measurement, become duplicates of
one another, and can at any time be replaced ; and that the parts
become interchangeable, so that any part may be sent to a distant
station, with the certainzsof fitting when it arrives there. The
advantages claimed are, first, economy in manufacture ; secondly,
greater perfection in workmanship ; and thirdly, an accurate system
of duplicates, whereby the parts become interchangeable. The
Author especially recommends this system to the Engineers of
Indian and Colonial Railways, and he sees no reason why the
different parts of the engines and rolling stock sent to those places
should not be as perfect duplicates, as the different parts of the
Enfield rifle.

The communication is illustrated by a series of diagrams, from
which Plates 22 and 23 bave been compiled.

2R 2
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Mg. FERNIE stated that the whole system was founded on the
application of Mr. Whitworth’s true plane. -He explained the
mode of working with the different machines and tools, of which
several specimens were exhibited, including the gauges, which
could be regulated to the 1000th part of an inch, the moulding
boxes, and the callipers used for taking the diameter of wheels.
Mr. BRAMWELL said, that while there could be no question as
to the great advantage to be derived from the use of such delicate
and accurate means of measurement as those alluded to in the
Paper, nevertheless there were many factories which did not pos-
gess, and perhaps for a long time to come would not possess, such
expensive measuring implements. This being so, he thought it
might cven now be of service to allude to a plan that he had used
_for insuring the accurate boring of tires, which, looking at the
small range there was between a loose tire on the one hand
and a burst tire on the other, was a matter that demanded the
greatest care. The plan was this; to make a gauge so much
shorter than the correct bore of the tire, that when the gauge was
put inside the tire and one end of it-was kept stationary, the other
end could be vibrated some convenient measurement, say 5%; part
of the diameter of the bore. If, for example, the tire were to be
bored out to 50 inches diameter, then the gauge would be made
so much less than 50 inches in length that its moving end could
be vibrated exactly 1 inch. Then assuming that such a gauge
were applied to a tire in which it could only vibrate & of an inch,
it would indicate that that tire was bored |l part of this differ-
ence too small, or, in other words, it would detect an inaccuracy in
bore of ik of aninch ; and as a workman could, with the greatest
readiness and certainty, read a measurement much finer than {; of
an inch, say four or five times as minute, it followed that he would,
by this contrivance, be enabled to detect errors in bore as small as
even ok OF ki of aninch. There was also this convenience
in the use of such a mode of measurement, that the gauge could be
got within the tire before the full bore had been -attained, and in
this way the finishing cuts could be watched and regulated with
the greatest nicety. Looking at this, by no means inconsiderable,
advantage in working,and at the great delicacy of measurement
obtained by such simple and inexpensive implements, Mr. Bram-
well believed that this plan, of making the gauge so much smaller
than the true bore of the tire as to admit of a definite vibration
within that bore, was far better than the ordinary mode of having
the gauge the full and. exact length of the intended inte
diameter.
Mr. BEYER remarked that yreat credit was due to the Author for
the trouble he had taken in getting up the illustrations for his
Paper ; but the substance of the communication was rather more
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suitable for a school of Engineering than for the Institution. The
subject was an old one. Mr. Richard Roberts had supplied dupli-
cate machinery thirty years ago, and for more than twenty years
Mr. Beyer had been engaged in making duplicate locomotive
engines, and had made such for the greater number of the railways
in this country, including the Midland Railway.

Mr. VigNoLES stated, that Mr. Beyer had manufactured u
wards of fifty locomotive engines for the Tudela and Bilbao Ra1}1’:
way, which were exact duplicates of each other, and of which all
the parts perfectly fitted on their arrival in Spain. He was glad to
have this opportunity of expressing his fullest confidence of the
way in which the duplicate system had been carried out, and he
;o;lo was surprised, that it was not more generally known and

opted. .

]&}I)r. FERNIE conceded that all honour was due to Mr. Beyer,
for the excellent manner in which his work was executed. He
quite understood that mode of working, but something more was
required, and it should be stated, in justice to the large firms who
devoted themselves to railway work, that all of them had for years
been aiming at a system of duplicates. The plan now laid before
the meeting was, however, different from the others, inasmuch as it
was a system of working from known gauges. It was not the custom
of railway companies to order all ‘their engines from one maker.
Twenty might be purchased from one firm, thirty from another,
and so on, and on some lines there were as many as twenty different
types of engines. Now, by the system of Mr. Whitworth, all the
engines from those various manufacturers would be perfectly alike,
whereas, by what might be termed the individual system, only the
different lots would be duplicates of one another. There was no
doubt that, at the present time, there was a want of uniformity in
the dimensions of engines, as supplied by different makers, and
what was wanted was, a standard by which all makers should work
alike. The parliamentary yard of 36 inches must be the standard,
and from the inch, as he had already shown, it was an easy matter
to obtain any dimension. He had said that the engines were, as a
rule, unlike in their dimensions; but a slight correction was re-
- quired in this statement, for all the screws were of the same pitch
and thread, and every nut would fit every bolt of its own diameter.
It was hardly possible to calculate the immense saving to the country
through the adoption of Mr. Whitworth’s taps and dies; and yet
when they were first introduced, they were not generally approved,
and one firm in Manchester hesitated for many years, until at last
they were compelled to adopt them. No one, he thought, would
now raise an argument against them, for their many advantages
had been realized ; and so with regard to this new system, he ex-
pected there would be some opposition to it. This was an age of
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recision, and from a careful working for five years on this system,
ze was satisfied of its practicability, and thought that hereafter it
would be carried out with still greater minuteness. He felt certain
the time was not far distant, when there would be no more gues-
work as to the finer divisions of the inch. It was only necessary
to show mechanical men the importance of accuracy of dimen-
sions, and the ease by which that accuracy could be attained, and
their own sense, and desire to excel, would soon prompt them
to adopt the new system. This was quite as much a question for
the manufacturer as for a railway company. If England was to
continue to be the manufactory of the worzl, let the makers take
up this system, and with excellence of material and scientific pre-
cision of construction, so attain to the perfection of production.

Ia pursuance of the notice on the card of the meetings, it ¥as
roposed, and resolved unanimously :—* That in order to %
olding a Meecting on the evening of Whit-Tuesday, the meeting

be adjourned until the evening of the 2nd of June.”

June 2, 1863.

The Session was concluded by a Conversazione, at which the
President received the Members of the Institution, and a numerous
circle of distinguished visitors. The rooms were decorated ¥
many choice works of art, and there was also exhibited a large
interesting collection of mechanical models.

[APPEND!X
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HIS ROYAL HIGHNESS ALBERT FRANCIS AUGUSTUS
CHARLES EMMANUEL, DUKE OF SAXE COBOURG
AND GOTHA, PRINCE CONSORT, K.G., K.T., K.P.,
G.C.B, K8.I, G.CM.G,, &c., &c., was born August 26, 1819.
He joined the Imstitution of Civil Engineers as an Hono
ﬁemger on the 7th of March, 1843. H.R.H. died December

, 1861.

MRr. PETER BARLOW was born in Norwich, in October, 1776,
and was sent at an early age to a foundation school, where he
acquired a English education. He was then placed in a mer-
cantile establishment in Norwich, and while in that position and
still at an early age, he, together with some young friends of a
similar turn of mind, formed a juvenile scientific society, where
they discussed questions in mathematics and the physical sciences,
for which young Barlow had a natural predilection, and eventually
by his industry and perseverance he acquired considerable scientific
knowledge.

The political excitement of the times broke up this little eociety,
and the members of it became dispersed, some entering the Army
and others the Navy, whilst Mr. Barlow, turning his attention to
tuition, for which he had partially qualified hunself by careful .
study, although without enjoying the advantage of good masters,
obtained the mastership of a school. He soon became a regular
correspondent of ¢ The Ldies’ Diary,’ then under the management
of Dr. Hutton, Professor of Mathematics at Woolwich, under
whose advice Mr. Barlow was induced, in 1801, to become a can-
didate for the post of additional Mathematical Master at the Royal
Military Academy, a position which was onlﬁ obtained after a
severe competitive examination, There he e acquainted
with Mr. Bonnycastle, to whose judicious advice and assistance he
always acknowledged himself to have been much indebted. Under
the same advice he, in 1808, commenced writing for the ¢ Encyclo-
paedia’ conducted by Dr. Rees, and from the letter H to the end,
he contributed the majority of the mathematical articles of that
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work. In 1811 he published his first work on the ¢Theory of
Numbers,’ and in 1814 appeared his ¢ Mathematical Dictionary,’
and immediately afterwards his ¢ Mathematical Tables,” a work
which has since been reproduced by the Society for the Diffusion of
Useful Knowledge. In 1817 he published the first edition of an
¢ Essay on the strength of Timber and other Materials,’ founded on
experiments made in the Dock{ard and the Arsenal at Woolwich,
by permission of the Admiralty and of the Board of Ordnance.
\{"hile thus engaged he became acquainted with the late Thomas
Telford, and assisted him in experiments and calculations for his
then proposed structure of the Menai Suspension Bridge. and also
conducted for him a scries of experiments on the tides in the
Thames, in reference to the then projected erection of the new
London Bridge. In the report upon the latter subject, the effects
which the removal of the old London Bridge have since manifested
upon the bridges of Westminster and Blackfriars were fully con-
sidered. About this time he also contributed many articles to the
* Encyclopzdia Metropolitana.’ In 1819 his attention was directed
to the variation of the compass needle and the local attraction of
shirs. and he was induced to undertake a series of experiments,
with a view to discover the laws of the reciprocal action subsisting
between magnets and simple iron bodies, and to devise some means
of correcting the crrors of compasses on shipboard. The Govern-
ment liberally allowed him the facilities which the Dockyard and
Arsenal at Woolwich presented for prosecuting these experiments,
and the laws of terrestrial magnetism which he, after much labour,
discovered were subsequently confirmed by Captain Basil Hall,
Captain Mudge, and other officers. "I'hese laws and their proposed
application for correcting the local attractions of ships formed the
subject of his ¢ Essay on Magnetic Attractions,’ published in 1820.
In a second edition of this work, in 1823, it was shown that all
the laws which had, up to that time, rested on experimental deduc-
tions were consistent with a certain hypothesis of magnetic action,
which theory was subsequently elaborated and confirmed in a more
genceral investigation of the subject by M. Poisson, in a memoir
read to the Institute of France in 1824. All doubt on the subject
being now removed, Mr. Barlow received numerous gratifying
marks of approbation. He was elected on the Council of the Royal
Socicty, and reccived the Copley medal. He also received the
reward for useful discoveries, provided by Parliament, in connexion
with the tlen existing Board of Longitude. He further received
a handsome personal present from the Emperor of Russia, and
was elected a member of the Imperial Academy of Brusscls, a cor-
responding member of the Institute of France, and received many
other similar distinctions.

On the 31st of January, 1825, he presented to the Institution of
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Civil Engineers a communication ¢ On the Force exerted by Hy-
draulic Pressure in a Bramah Press; the resisting power of the.
cylinder, and rules for computing the thickness of metal for presses
of various powers and dimensions.’ !

Mr. Barlow next turned his attention to electro-magnetism, and
was the author of a work on that subject. While engaged in the
experiments he conceived the idea of making electric signals by
deflecting a magnetic needle with a current of electricity, gene-
rated by a galvanic battery, and passed along a conducting wire.
With this object he caused an experiment to be made upon a mile
of copper wire, arranged upon posts in his garden, at Rushgrove
Cottage, Woolwich. The battery employed consisted of about
twenty pairs of plates 15 inches square. gTo insulation was given
to the wires, and no coil was employed to multiply the action upon
the needle. In this experiment, which contained the germ of an
invention destined afterwards to become of such important public
utility, although a certain amount of deflection was obtained, yet
from imperfect insulation increased length of wire was found to
produce great loss of power, and as other subjects of great interest
occupied his mind at this time, he discontinued his experiments
upon the electric telegraph.

Although engaged at this time in contributing articles to several
scientific works, he applied himself to the improvement of achro-
matic object-glasses, on which subject he communicated a paper to
the Royal Society.? Pursuing this subject, he was led to try the
effect of substituting a fluid contained between two sheets of plate,
or crown glass, instead of using the concave flint glass lens, gene-
rally emplorcd, and he constructed two telescopes on this principle.
Subsequently the Council of the Royal Society engaged gfr. ol-
land to construct a fluid lens telescope under his superintendence,
the result of which was satisfactorily reported upon by Sir J.
Herschel, Professor Airy, and Admiral Smyth.

Between the years 1833 and 1835 he was engaged in the pro-
secution of an extensive series of mechanical and other experiments,
and in the u;n‘oduction of a volume containing a description of
¢The Manufactures and Machinery of Great Britain.’

The railway system was at this time in its infancy, and before
Engineers had established practical data, Mr. Barﬁ')w was much
occupied in experiments, and in testing the strength and best form
of séction of railway bars, the effect o§ gradients and curves, and
in determining other questions.

In 1836 he was appointed one of the Royal Commissioners for
determining the best system of railways for Ireland, the report on
this subject being presented to Parliament in 1838.

1 Vide Trans. Inst. O. E,, vol i. p. 183, 2 Vide Phil, Tmns., 1827, P 231,
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In 1839 he was appointed on a similar commission for deter-
mining the best route to Scotland and Wales, and the most con-
venient port for steam communication with Ireland.

On the 5th of March, 1839, a Paper of his was read at the In-
stitution of Civil Engineers, intituled ¢ An Investigation into the
Power of Locomotive Engines, and the effect produced by that
power at different Velocities.’ !

In 1842 he was similarly employed upon an inquiry into the
general merits of the. atmospheric system, and in 1845 he was ap-
pointed one of the Gauge Commissioners, in which he was associated
with Sir Frederick Smith and Professor Airy.

In 1847, being then seventy-one years of age, he retired from
his duties at the Royal Military Academy, and in consideration of
his eminent public services, the Government awarded him his full
pa{‘ou his retirement. 4

rom this time, although he ceased to engage in active profes-
sional duties, he continued to take a lively interest in the
leading scientific questions of the day.

So late as the year 1857, although he was eighty-one years of
age, he wrote a postscript to a Paper communicated to the Royal
Society by his son, Mr. W. H. low, M. Inst. C. E., on the
¢ Resistance of Flexure,’ which postscript contained a mathematical
investigation of considerable difficulty.

Mr. Barlow was elected a Fellow of the Royal Society in May,
1823, and he was a member of most of the other scientific societies
of this and other countries. He joined the Institution of Civil
Engineers as an Honorary Member in 1820, and always took much
interest in the proceedings. Of a kindly and cheerful disposition,
he retained his full powers of mind until his death, which took
glace on the 1st of March, 1862, deeply regretted by his numerous

iends, and especially by those Officers, his former pupils, who,
whilst under his guidance at the Royal Military Academy, bad
ever found him as valued a friend as a conscientious and talented
tutor.

Mr. JAMES JOHN BERKLEY was born at Holloway, on the
21st of October, 1819, and completed his education at King’s
College, London, under Dr. Major. He was articled to Mr.
Wicksteed (M. Inst. C. E.), then Engineer of the East London
Water Works, in the year 1836 ; but very soon left him, and en-
tered the office of Mr. G. P. Bidder gl\\rf {nst. C. E.), and in 1839
he may be said to have commenced his real pupilage under Mr.
Robert Stephenson (M. Inst. C. E.), by whom he was very actively

' Vide Minutes of Proceedings, Inst. C. E., vol. i. (1839) p. 46, and Trans. Inst.
C. E., vol. iii. p. 183.
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employed, travelling with his chief, writing reports for him upon
his numerous works, arbitrations, and other engagements. ,

Among these may be mentioned the Bute Docks at Cardiff'; the
examination of a system of railways projected to connect London,
Brussels, and the various towns of the north of France, with Paris,
which was reported on by the late Robert Stephenson in 1842;
the Hesse Cassel and the Leopold Railways ; tﬁe construction of
the Northampton and Peterborough, the Trent Valley, the Chur-
net Valley, and the North Staffordshire Railways, on which latter
Mr. J. J. Berkley held the position of Resident Engineer.

At the latter end of the year 1849, an Engineer of ability, ex-
perience, and judgment being required to go to Bombay to lay out
an extensive system of railways in that Eresidency, Mr. J. J.
Berkley was so strongly recommended for the important work by
the late Mr. Robert Stephenson, Mr. Brunel, Sir W. Cubitt, Sir
John Rennie, Mr. Bidder, and other eminent Engineers who knew
and appreciated his talents, that he was unhesitatingly appointed
to the position of Chief Resident Engineer of the (%reat Indian
Pegglsula Railway, and he left England for India in January,
1850.

The Company’s undertaking was at that time confined to the
construction of 33 miles of * experimental line” from Bombay to
Callian, and having early decided the most important points con-
nected with the course of that line, through the town of Bombay,
and the mode of crossing the creek which divided the island of
Bombay from the mainland, Mr. Berkley turned his attention to
the extensions which he perceived would inevitably be called for,
and to the means of surmounting the great barrier of the Western
Ghits, which any extension into the interior immediately involved.
The original projectors of the Great Indian Peninsula Railway
proposed to make one ascent of the Ghats, bifurcating at the top to
the north-east and the south-east ; but an examination of the line
of Ghits led Mr. Berkley to report unfavourably of that scherne, on
account of the almost impracticable nature of the works, and to
recommend the adoption o¥ lines branching off from Callian to the
south-east and north-east, ascending the Ghats at the Bhore Ghat
and the Thul Ghit on the line of a large existing traffic.

In 1852 the surveys for both the lines were commenced. Four
years were spent in the surveys of the Bhore Ghat, and during that
period Mr. Berkley laboriously worked out the details of the plans
and designs. :

On the 16th- of April, 1853, the first 20 miles of the line,
from Bomba{ to Tanna, were opened for public traffic, thus ini-
tiating the Indian railway system. This 1s alluded to in a very
interesting letter from Sir Bartle Frere, who, doing full justice to
the intelligence, skill, and energy of Mr. Berkley, alludes to
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the previous unexecuted scheme of Mr. George Clark,, in 1844,
which, he says, preceded the plans of Mr. Chapman, and of Sir
Macdonald Stephenson, to whom, however, he gives credit for their
energy and perseverance, and in pressing forward their plans to
fruition.

Considerable delay occurred in obtaining official sanction to the
Thul GhAt portion of the scheme, owing to the Government of India
baving entertained a project for turning the Ghéts, by a line from
Surat along the course of the Taptee River. This resulted in
further surveys and elaborate reports on the Ghét ascent, by which
the superiority of the line, as proposed by Mr. Berkley, was fully
established.

In 1856 the North Eastern Line, vid the Thul Ghat, was sanc-
tioned by the Government of India, thus completing the Great
Indian Peninsula system of lines, as projected by Mr. Berkley,
comprising a total length of 1,237 miles, forming a grand trunk
communication, by the North Eastern line, between Bombay,
Calcutta, and the North-West, and by the South Eastern line,
between Bombay and Madras; including also an important line
to Nagpore, passing through some of the most extensive cotton
districts of Western India.

The control which the Government exercises, under the guarantee
system, has untLuestionably been a source of special difficulty to the
Engineers of the respective companies, and 1t was mainly due to
Mr. Berkley’s firmness and tact that a minute and barassing
supervision was avoided, and that efficient co-operation established
between the company and the Government authorities, which has
generally subsisted on the Great Indian Peninsula Railway, to the
manifest advantage of both parties.

Mr. Berkley was a firm and zealous advocate of the contract
system, under which the whole of his works were constructed

he system on a large scale was new in India and was regarded
at first, by the Government, with some suspicion; it has now,
however, been adopted almost entirely in the public works, with
the best effect in the rapidity and extent of their operations.

The details of the great works, comprising the inclines of the
Ghats, are so well known, from the description given by Mr. Berkley
in his address to the Mechanics’ Institution at Bombay, and from
other publications, that it is only necessary here to allude to the
satisfactory solution of the question of practicability, by the suec-
cessful working of them with enormous traffic, although these
inclines exceed in difficulty and importance those of the Som-
mering, and the Giovi. In connection with this undertakiug men-
tion should be made of the courage of the widow of Mr. Solomon
Tredwell, the Contractor, who, after his too early decease, deter-
mined, for the honour of her husband’s name, to continue the
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works, and with the efficient aid of Mr. Clowser and Mr. Adamson,
did complete them most satisfactonlﬁ.

The labour entailed upon Mr. Berkley by the works he had
undertaken, affected his health, and he visited England in the year
1856. Advantage was taken of the opportunity, by a number of
“the principal Civil Engineers, to invite him to dine with them ;
when Mr. Robert Stephenson, who occupied the chair, spoke thus
of his former pupil :—

“ Gentlemen,—1 have very sincere pleasure in presiding at this enter-
tainment, which is offered to my friend Mr. James Berkley. I feel that on
the present occasion it is not necessary to enlarge’ upon the professional
acquirements, or talents, or the social virtues of my friend, for he has
already prominently brought himself to your notice by his professional
abilities under exceedingly trying and adverse circumstances, and by the
esteem in which he is held by all who know him. Very early in his life,
and when I was tolerably advanced in my career, he was introduced to my
notice as a young and professionally inexperienced man, but a very short
acquaintance and association with him, convinced me that he was pos-
sessed of a good heart and a good head, and in a short time he became not
only confidentially associated with me in professional life, but my intimate
friend in my domestic circle. I freely imparted to him my own viewsand
opinions, and employed him in the construction of several of the principal
lines intrusted to me. Whea the opportunity for his going to India pre-
sented itself, I felt that he had embarked in an exceedingly difficult task.
Having myself been thrown in early life upon my own resources, in a
foreign country, where engineering operations were of a very difficult
character, I well knew the variety and nature of the obstacles he would
have to encounter, and you will readily comprehend how operations, even
such as are easy in this country, would become extremely arduous when .
undertaken abroad. The Directors of the Railway Company were influ-
enced by my recommendation, strengthened as it was by the highest tes-
timonials, and my friend went to India, where he has ampl ljust;iﬁed the
opinion I had formed of his capabilities, and has successfully overcome
numerous difficulties and impediments of no ordinary character. A
favourite expression of my father’s, in his early career, was—*I can engi-
neer matter very well, but my great difficulty is in engineering men.’ Mr.
Berkley has, I am happy to say, succeeded not only in enﬁineering matter
in a foreign country, with few available resources for railway operations,
but he has also been eminently successful in that more difficult task of
engineering men. No small tribute to his talents and temper,

‘It is scarcely necessary for me.to-do more than allude briefly to the
works executed by our guest, during his comparatively short stay in India.
He has already executed 90 miles of railway which are on the point of
being opened, as far as the Ghits, the great physical feature of the West
of India. The question of the ascent of the Ghéts, is one of consider-
able difficulty, and demanding much knowledge, skill, and consideration.
Excellent designs of them have, however, been prepared by Mr. Berkley,
and the explanations he has afforded me are so minute and interesting,
that I assure you I should feel proud of being the author of the plans he
has proposed. Throughout these operations he has encountered all the
formidable obstacles which the Gbits present, and has overcome them
with remarkable success. And this redounds all the more to his oredit,
when we consider, that the Ghats present greater engineering difficulties
than either the passage of the Sommering to Trieste, or the Giovi Incline
between Turin and Genoa ; and that the ascent of those mountains was
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long oonsidered barely practicable. Although those mountain inclines are
serious undertakings, it is compulsory for the good of the country to make
and to mantain them, and, in spite of all difficulties, Mr. Berkley has,
after six years of laborious research, succeeded in designing a series of
lines, which I have no doubt will be amongst the most successful in the
world. I trust, however, that greater wisdom will be displayed by the
Indian Government than by our home legislature in that respect. That
they will be watched over with something more like parental care, for here
they have been deserted like prodigal sons. India demands accommods-
tion for an enormous traffic and population, and if the railways are per-
mitted to be extended with discretion and wisdom, there cannot be a
question that they will be both beneficial to those who have invested
capital in the enterprise, and of incalculable advantage to that important
country. My friend at my side has also the honour, whether accidental
or not, of being the engineer who constructed and opened the first rail-

way in India. This is no small credit to him, and in all that he has done °

¢Ii feel proud of him, and that he has reflected honour upon my recommen-
ation.”

Notwitbstanding the extent and the laborious nature of his pro-
fessional duties, Mr. Berkley took an active part in many of the
useful and scientific institutions of Bombay. In the Mechanics'
Institution especially he took a lively interest, and by his personal
exertions and alx):ltive Teasure;, as lzresident, he greatly increased
its sphere of public utility, an ve an interest to its proceedings
which had be¥0m been wZntin .ga P

The Council of the Mechanics’ Institution has accorded a
“ Berkley Gold Medal ” as an annual prize for competition among
its members in commemoration of his valuable services, and the
first gold medal was sent to his widow with a resolution expressing
sympathy and condolence.

Constant demands were made upon his services, but he was
obliged to decline everything except the nomination to such posi-
tion as indirectly bore upon the chief events of his life. In 1855
he became a magistrate. In 1857 he was appointed one of the
commissioners of the Municipal Board, and in 1858 he was elected
a member of the Senate of the Bombay University.

Mr. Berkley’s energy of mind far exceeded his physical strength,
which was suffering severely from the effects of the Indian climate,
so that in April, 1861, the state of his health compelled him to
return to England. At that time he had the satisfaction of seeing
his plans and designs of the Bhore Ghat, his most cherished work,
fully developed, and the works being carried on with extraordinary
activity under a very efficient management. He eagerly desired
to return to India to witness the accomplishment of the great
work he had designed and almost carried out to completion, but
it was otherwise ordered ; and after a lingering illness he closed
111i836 ;hort but useful career, at Sydenham, on the 25th August,

From early boyhood, James John Berkley showed signs of great
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activity of mind and love of knowledge. He was a great reader,
and was ever ready with his pen as a contributor to general litera-
ture, or as a clear and able writer on professional subjects. In after
{ea.rs, when his position in India called forth the particular talent,

e proved himself both as President of the Bombay Mechanics’
Institution, at the meetings, and on public occasions, a fluent and
indeed an eloquent speaker.

By his devoted attention to the important duties of his office as
Chief Engineer, in Bombay, of the Great Indian Peninsula Railway,
by his high sense of honour, by his gentlemanly bearing and
liberal sentiments, as well as by the kindness and consideration
which he ever displayed towards all those who were connected
with him in business, he deservedly obtained the esteem and
affectionate regard of all who knew him.

The high estimation in which he was held is proved by the fol-
lowing extracts, which have been selected from numerous voluntary
testimonials.

The Directors of the Great Indian Peninsula Railway in report-
ing his death to the shareholders stated : —

“The Directors have the melancholy duty of announcing to the Pro-
&r‘ietom the death, on the 25th August last, of Mr. James J. Berkley,

Inst. C. E., the Company’s Chief Resident Engineer in India. Mr, Berk-
ley from the commencement of operations in January, 1850, down to the
beginning of last year, when his failing health compelled his return to
England, conduc’oeg the whole of the engineering operations with remark-
able devotion, energy, and engineering skill, to the entire satisfaction of
the Directors. In order to record more permanently their sense of the
valuable services which Mr, Berkley rendered to the Company, the Board

have directed a tablet to be erected to his memory in some favourably
conspicuous position at the Bhore Ghat Incline.”

Sir James Outram, whose large experience of Englishmen in
India, rendered him uo mean judge of his fellow-countrymen, and
who has established a world-wide character for truthfulness and
talent, wrote to him on his leaving Bombay in 1857 :—

‘ MY DEAR BERKLEY, Parell, 9th July, 1857,

“I am loth to leave Bombay without seeing and bidding you good-
®ye, for which purpose I called at your old house in Mazagon, which I
found shut up, and there was no one at the premises to tell me where you
are. I am informed, however, that you are travelling in Caudeish, I hope
out of harm’s way in these troublesome times.

“When your line meets our line (from Calcutta) I trust we may have
personal communication, if not before ; but in the meantime I hope you
will not scrug:e to command me, wherever I may be, for there is no one
for whom I have a greater esteem, or to whom this Presidency is more
indebted, than yourself.

“ Believe me to be, my dear Berkley,
“ Very sincerely yours,
(Signed) ¢ J. OUTRAM.”

In addition to the above, the Engineers on the staff of the
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Great Indian Peninsula Railway, and a few other gentlemen in
Bombay, united soon after the death of Mr. Berkley to prove
their high appreciation of his talent, as well as their great esteen
and affection for their late friend and companion, by a substantal
testimonial.

In a few days a sum of nearly £3,000 was raised, and it vas
determined to ercct a monument over the grave of their late
friend, at a considerable cost, and to expend the remainder of
the fund, amounting to about £2,000, in the establishment of 8
fellowship, to be called the  Berkley ” fellowship, at the Bombay
University. They well knew that the high value he attributed to
education and the proper development of the powers of the mind
and the great interest he always evinced in this excellent un-
versity, would, were he living, render this, in his eyes, one ¢ the
mo}s‘t valuable testimonials of their regard which could be offered
to mm. ,

Mr. Berkley was elected a member of the Institution of i
Engineers in the year 1855, and his Paper on  Indian Raiwafs
in 1860, obtained for him a Telford Medal and a Counci
mium of Books.

He was one of the men who, if his mission had not been !
become. one of the engineering pioneers in the East, would ha{;
risen to a very eminent position in the profession, for which
possessed the highest qualifications,

Mr. JAMES COOPER was born at Highgate, in the )’w‘lsh'
Soon after leaving school he entered the factory of Messrs. (m]ﬁe’
of Old Street, where he only remained a short time, but ¥
he acquired useful practical knowledge, which was of service
him in his future career. ‘ot
After studying for some time under Mr. Hale, land sure®
at Colchester, he entered the office of Messrs. Walker and Burgzi
as a pupil, in the year 1835, and he rendered himself 9°““°;
that he subsequently continued witk them as an Assistah
finally was admitted into partnership with the firm in 1831Walk€’
Under the direction of, and in connection with, Messrs. dof
and Burges, he enjoyed rare opportunities of observiog: & orks
being activc:ly engaged in, many of the great engineeri's Eew[
of the period, such as the Caledonian Canal, the Middle
Drainage, the Admiralty Works at Dover, Jerseys
Plymouth, &ec., the Birmingham Canal, and the Lighthous®
the Corporation of the Trinity House, with many other 1"
undemki L‘ ht.
Whilst he was in charge of the works at the Edystor® "%en'
house, in 1839, when it was decided to carry out Smeaton® w
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tion of filling up the cavern in the rock, he nearly.lost his life from
one of those sudden risings of the waves to which the sea there is
subject. The mason standing beside him was swept away, and
was drowned, but Mr. Cooper continued his labours until the
hazardous work was completed.

His decease was very unexpected, as there were not any sym&;
toms which induced any anticipation of such an event.
Sunday, after church, he took a walk of only a few miles, and
returned apparently without fatigue. After dinner his sisters quitted
the dining-room, leaving Mr. Cooper and his father in conversation.
On the servant going to the room to summon them to tea, both
father and son appeared to be asleep ; the former awoke, but the
latter had in his slumber- fully passed away. His death
oec'i:‘rred on the 2nd of March, 1862. l

he opportunities he enjoyed professionally were unusually ,
and had his life been spared he might have gaken a high posing

Mr. James Cooper was elected an Associate of the Institution
of Civil Engineers in 1836, was transferred to the class of Gra-
duates in 1838, and to that of Member in 1847. He was a very
constant attendant at the Meetings, and frequently took part in
the discussions.

Mg HENRY HINDE EDWARDS was born at Plymouth in
November, 1800. His father, who was a practical Engineer and
steam-engine builder, perceiving that there would be a good open-
ing on the Continent, sent his son, in 1814, to complete his educa-
tion in France, and he some time afterwards followed and settled in
Paris, where he eventually became the partner of Monsieur Casimir
Perier at Chaillot, and took his son into the works, of which, in
1829, Henry Hinde Edwards became the managing Eartner, as
successor of his father, in the firm of Perier, Edwards, Chaper, and
Co. The establishment, following closely after that of Messrs.
Manby, Wilson, and Co. at Charenton, founded in 1820, became
important in the history of mechanical engineering in France, and
from thence there were produced large numbers of the double
cylinder, high and low pressure engines, on Wolf’s system, which
are now so generally used on the Continent. Mr. Edwards also gave
valuable aiﬁn numerous establishments for mining, pumping water,
grinding corn, &c., and displayed considerable mechanical ingenuity
and skill. Among other works, he built, under the direction of
Monsieur Polonceau, the cast-iron bridge across the Seine, called
the Pont du Carrousel.

During the period of the political crisis, when all industrial
undertakings were brought to a standstill, Mr. Edwards returned
to England, whence he was eventually summoned to take charge

[1862-63. N.s.] 28
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of the Locomotive and Rolling Stock Department of the Eastem
(Strasbourg) Railway, duties which be performed with undoubted
gkill and rare conscientiousness.

He joined the Institution of Civil Engineers, asa Member, in the
month of December, 1855, but his residence abroad precluded his
paving frequent visits during the Sessiona He was also a Member
of the Société des Ingénieurs Civils de Paris, amongst whoee mem-
bers he, at bis decease on the 13th February, 1861, at the age of
sixt{-oue years, left many frieuds who sincerely regard his memory
as that of a modest and honest man who had done good service m
his particular sphere.

Mr. JOHN EDWARD ERRINGTON, the eldest son of
Mr. John Errington, a cadet of an old Northumberland family, was
born at Hull, on the 29th December, 1806. He early evineed
signs of great intelligence, and was remarked at school for his high
spirit, for the prominent position he took in all his classes, and as
being a general favourite with his masters.

Having shown in his youth great predilection for engineering
and for the constructive arts, he was placed at an early age under
an engineer officer, then conducting extensive public works in
Ireland. After remaining some time on these works, he became
the assistant of the late ifr. Padley in the various surveys which
that gentleman conducted in the early stages of railways in this
country. 'This employment brought him into connection with the
late Mr. Rastrick (M. Inst. C.E.), by whom he was engaged to
assist in various surveys, and his first active employment in railway
grojection was at the time of the preparation of the plans for the

irmingham end of the Grand Junction Railway, and it was at
this period that Mr. Errington first met Mr. Joseph Locke, with
whom he eventually became associated for the rest of his life.
When the Grand Junction Railway came under the sole direction
of Mr. Locke, he gave Mr. Errington an appointment as Resident
Engineer, and intrusted to him the superintendence of the con-
struction of a portion of the line, where he had an opportunity of
making himsel?othoroughly acquainted with the practical methods
adopted by Mr. Locke 1n carrying out the various contracts. After
the completion of that railway, Mr. Errington took charge of the
line from Glasgow, by Paisley, to Greenock, and the works were
carried out under his superintendence: the harbour works at the
latter port were also laid out by him, and the construction was
carried on under his immediate supervision.

To an active and thoughtful mind like his it was not surprising
that, during his residence in Scotland, various projects should have
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suggested themselves to him for connecting the political and
commercial capitals of Scotland—Edinburgh and Glasgow—with
England. At that time Mr. Vignoles had constructed the North
Union Railway, a line extending from Newton, on the Liverpool
and Manchester Railway, and virtually forming an extension of
the Grand Junction line, to Preston, aud various other projects
were started to connect Preston with Lancaster. These lines would

lace Preston in direct communication with London, and the sub-
Ject of extension northwards to Seotland had already occupied the
attention of a Government Commission and of several of the most
eminent Engineers of that day. The two principal projects, how-
ever, that interested the public in that special district were the
rival schemes of Mr. George Stephenson for a coast line crossing
Morecambe Bay and the direct scheme for uniting Lancaster and
Carlisle by as straight a line as the nature of the country would
permit. The plans for this latter project were deposited in 1842,
under the name of the Caledonian Railway Company, with
Mr. Locke as Engineer in chief. This project was, however, with-
drawn ; but it was brought forward again in a subsequent session,
as the Lancaster and Carlisle Railway, and Mr. Errington’s name
was then associated with that of Mr. e as the joint Engineers.
The immediate superintendence of the works remained in Mr.
Errington’s hands, and whilst Mr. Locke attended to various de-
tails of his ely-increasing practice in London, Mr. Errington
devoted himself to the carrying out of the numerous bridges, via-
ducts, and other works which abound on that line.

Mr. Errington, although generally giving his assistance to
Mr. Locke in the laying out of the several lines that came under
Mr. Locke’s charge, devoted himself principally to the works in
the north of England and Scotland. He carried out the Cale-
donian Railway, upon which he evinced great judgment, by his
mode of constructing the line across and forming junctions with
the various tramways then in use for ing on the traffic between
the several collieries, without stopping the train. He constructed
the Clydesdale Junction Railway, the Scottish Central, the Scottish
Midland Junction, the Aberdeen Railway (now the Scottish North
Eastern), and he either brought forward or was consulted about
the entire system of railways from Lancaster to Inverness. After
the commencement of the larger works in Scotland, Mr. Errington
removed to London and devoted his attention to the various addi-
tions and branches made to the railways constructed under his and
Mr. Locke’s superintendence. About that period the London and
South Western ge(;?llway Company were projecting anew their exten-
sion of the narrow-gauge system into F)evonshlre; and, owing to
some difference between -himself and the Board of Directors,
Mr. Locke having ceased to be Engineer to that Comp2any 2aﬁer the

. 8
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revival of their projects to the westward, the Directors maturally
sought the advice and assistance of some well-known ineer,
whose antecedents might justify some knowledge of the locality.
At this juncture they selected Mr. Errington, and under his direc-
tion various lines were deposited to meet the necessity which had
arisen. After several deposits of plans and subsequent with-
drawals, the Compan'; finally sought powers to construct a line from
Yeovil to Exeter. The plans for this project were deposited in
November, 1855, and the Act received the royal assent in 1856.
The works on the line were immediately commenced, and after
t difficulties, owing to the heavy tunnels at Crewkerne and
oniton, the line was opened to the public in 1860. Several
branches of this line were also constructed under his direction, and
shortly after the completion of this work, Mr. Errington, whose
health had been for some time precarious, suddenly became worse,
and he expired at his residence in Pall Mall East, after a short
illuess, on the 4th of July, 1862, at the cumparatively early age
of fifty-five years, and he was interred at Kensal Green, in close
proximity to his early friend and associate, Mr. Locke, who bad
not long preceded him to his final rest.

- During the whole of Mr. Errington’s career, both in Scotland
and subsequently, when Engineer to the South Western Railway,
he was actively engaged in various parliamentary contests, and the
conscientious manner in which he gave his evidence, coupled with
a marvellous power, which he hag’1 possessed from his cgi.ldhood,
of simpl.i.f{‘ing and bringing vividly before his hearers anything
that he thought necessary they should know, gave his opinion
great weight with the Committees before whom he was examined,
and the Boards which he attended.

Mr. Errington, like his partner, Mr. Locke, had early learnt the
lesson of endeavouring to make railways commercially successful,
and his principle was therefore to study economy to the greatest

ible extent; at the same time his taste in matters of art led

im to combine elegance with strength and economy of design.
His bridges on the Lancaster and Carlisle and the Caledonian
Railways, those across the river Thames at Richmond, Kew, and
Kinfton, and lastly, the works of art on the Exeter line of the
Sout e\(;Vestern Railway, show with what success his efforts were
crowned.

- In private life, Mr. Errington’s kindness of heart, his great tact,
and h?s affectionate disposition, tended to endear him to his asso-
ciates and to his pupils. Possessed of sound talents and modesty,
and a retentive memory, his society was sought by a large circle
of friends, who deeply regretted his loss, and the respect of all his
associates in his professional life was secured by his honourable
character and fair dealing.
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Mr. Errington joined the Institution of Civil Engineers, as an
Associate, in the year 1831, and was transferred to the class of
Members, on the 22nd of January, 1839. He became a Member
of Council for the Session 1850, and was elected one of the Vice-
Presidents for the Session 1861-62. He attended the meetings
very regularly, took part in the discussions, was ever ready to
advise and assist in evary way for the benefit of the Society, and
at his decease bequeathed the sum of One Thousand Pounds to
the Institution.

He was a Member of whom the profession and the Institution
might be justly proud, and his example should be carefully studied
by the younger Members.

Mr. JOSEPH LANE MANBY, the third son of the late Mr.
Aaron Manby (M. Inst. C.E.), was born at Horseley, Staffordshire,
December 22nd, 1814. At an early he was sent to Paris for
education at the school of Monsieur Massin, and in due time he
was placed in the gas works of Manby, Wilson, and Co., where he
studied gas engineering. He then returned to England, and was
for a time engaged in the mercantile and banking establishment of
Messrs. Jeremiah Harman and Co., Adam’s Court, Broad Street,
where he acquired the aptitude for commercial affairs which was
subsequently so useful to him.

At the dissolution of the firm’ ynder whom he was engaged, he
sought the advice of his father’s old friend, Mr. George Lowe
(M. Inst. C.E.), by whom he was induced to undertake the manage-
went in France of the concerns of the Continental Gas Company,
which he continued to direct for some years. He then became
connected with similar affairs in Spain, where he resided for some
time, but he eventually settled in Paris, where, associated with
the late Monsieur Savalete, he undertook contracts for the con-
struction of the Seville and Cordova Railway, for some building
speculations in Paris, and other works.

After the decease of his partner he came to London, in prosecu-
tion of some building speculations in Paris and elsewhere, and
having some contract work in view at Cadiz, he, in 1862, visited
that city. He there engaged to make a survey in Africa, where
he received a sun-stroke, from the effects of which he rapidly sunk,
and died shortly after his return to Cadiz, on the 18th of August,
1862, at the early age of forty-eight years.

Mr. J. L. Manby, although not strictly educated as an Engineer,
had a very good knowledge of his special branch of the profession,
and his natural talent and acuteness carried him through all diffi-
culties. He was an excellent companion, a very well read and
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well-informed man, and poesessed abilities which, under favourable
circumstances, would have carried him probably to fame and fortune.
He was deeply tted by his relatives and friends.

He joi the Institution as an Associate in Jume, 1844, and
was transferred to Membership in May, 1854.

Mz. JAMES WALKER, LL.D., F.RS, L. & E., &c., was born
at Falkirk, N.B,, in the year 1781. His education commenced at
the school of that place, and was finished at the University of
Glasgow. He had talent and was industrious ; so that his studies
were completed with distinction in a comparatively short time;
and in the year 1800, when he was nineteen years of age, he
was articled to his uncle, Mr. Ralph Walker, at that time an
Engineer in considerable practice in London. Under him he was
employed at the East and the West India Docks, and became
conversant with the best class of constructions, eventually succeed-
ing his uncle in the greater portion of his works. .

Mr. Walker was intrusted, in 1803, with the formation of the
Commercial Road, an important work, which was excellently
carried out, and where he eventually tried the system of providing
stone tramways for facilitating the traction of the heavy loads
pa.]ssing along that important route, from the docks to the metro-

is.
poHe was appointed Engineer to the Commercial Docks in 1806,
and the extensions and improvements effected up to the time of his
death were designed by, and executed under, the superintendence
of Mr. Walker and his partner, Mr. Burges.

At the decease of Mr. Telford, in 1834, many of his important
works fell into the hands of Mr. Walker, and he was at that period,
and for many years after, constantly consulted by almost all the
branches of the Government, and by many public boards and cor-
gorations; especially that of the City of London, for which latter

ody he made numerous Reports upon the City sewers, and the
navigation of the River Thames, projecting the plan of embank-
ment, now known as ‘ Walker’s lines;” upon which the nt
constructions are in a great degree based. He also had under his
charge the bridges at Blackfriars and Westminster, executing ex-
tensive works for their maintenance, until their demolition was
decided upon.

Any attem(ft to mention all the works upon which Mr. Walker had
been engaged at some period of his long professional career, would
involve the enumeration of nearly all the principal undertakings of
the kingdom ; but among them must be mentioned the construction
of Vauxhall Bridge over the Thames, and of the Victoria Bridge
over the Clyde, at Glasgow ; the improvements of the River Clyde,
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which, from the death of Mr. Telford up to a recent date, were
under his direction ; the great repairs of the Caledonian and Crinan
Canals ; the Coffer Dam and River Wall of the New Houses of
Parliament ; the extensive works of the Birmingham Canal, includ-
ing the Tame Valley Canal, the Betley Canal, and the Netherton
Tunnel ; the extensions of the Bute Docks at Cardiff; the Pier
and Harbour of Granton; the improvements of the Harbour of
Belfast, and the Harbour Works at Dover; the designs and exe-
cution of the Harbours of Refuge at Alderney, St. Catherine’s,
Jersey, Dover, and Harwich, on the former of which he was penning
a Report in his own hand on the day before his decease ; the Tyne
Piers ; the completion of Plymouth Breakwater, and the foundation
for the Fort about to be constructed there for the War Depart-
ment. But, perhaps, the most lasting monuments bf his skill may
be found in 312 various Lighthouse \%orks of the Corporation of
the Trinity House. Asa difficult and successful engineering work,
the Bishop Rock Lighthouse, off the Scilly Islands, may be placed
in the foremost rank with those of Smeaton, at the EX ne ; of
the elder Stevenson, at Bell Rock; and of that built on the
Skerryvore, by Alan Stevenson, his son.

For many years the extensive drainage operations in the Fens,
particularly in the Middle Level, occupied his attention ; and the

eat cut, nearly 30 miles in length, by which, with its numerous

ranches, upwards of ninety thousand acres of valuable land are
rendered susceptible of cultivation, is a work deserving the attention
not only of the Engineer, but of the landowners in similar dis-
tricts.

At an early period in the history of railways, Mr. Walker was
appointed, in conjunction with the late Mr. Rastrick, to report on the
;{:tem of traction to be employed on the Liverpool and Manchester

ilway. Their recommendation was that a continuation of loco-
motive with stationary power should be used ; but their Report was
replied to so effectively by Robert Stephenson and Joseph Locke,
that the celebrated Rainhill trials were instituted, and the loco-
motive system was fully established.

Mr. Walker never entered largely into railway engineering,
preferring the other branches of the profession; but he did con-
struct the Leeds and Selby, and the Hull and Selby Railways,
bfgth now forming valuable portions of the North Eastern system
of lines.

The printed Reports proceeding from Mr. Walker’s pen are
very numerous, and they are valuable as giving the history of
many important works. He was a strict disciplinarian, was very
regular in his business habits, and indefatigable in his attention to
the works under his charge. He was fortunate in attracting to
him a number of men who have since risen to eminence in the



632 MEMOIRS,

rofession; and be was very ably seconded by his partner,

r. Burpes, and subsequently by the late Mr. James Cooper.

Mr. Walker was connected with many of the principal scientific
bodies of the kingdom. He was a fellow of the Royal Societies
of London and of Edinburgh, LL.D. of Glasgow University. (an
honour conferred only upon distinguished students of that body), a
member of the Senate of the University of London, and an honorary
member of several foreign societies.

He joined the Institution of Civil Engineers, as a Member, in
the year 1823, was elected a Member of the Council and Vice-
President in 1826, succeeding the first President, Mr. Telford, in
1834, and occupying the chair for neatly eleven years, during
which time, by his attention to the interests of the Society, he con-
tributed largely towards placing it in its present position. In the
year 1845 it was considered desirable to introduce certain modifi-
cations in the constitution of the Society, one of the chief points
bejng the limitation of the period of holding the post of President,
in order to afford opportunity for the leading members of the pro-
fession to attain cousecutively that honourable position. This and
other proposals necessitated the revision of the Code of Bye-laws
of the Institution, and, after several special meetings, the pro
modifications were carried, and Mr. Walker resigned the Presi-
dential Chair, in which he was succeeded by Sir John Rennie, who
occupied it for three years. Subsequent to that period no President
bas held the position longer than for two consecutive sessions.

Under the presidency of Mr. Walker the Institution made im-

rtant strides; the number of the Members increased; the

iety was enabled to remove to the present premises at No. 25,
Great George Street, Westminster; the Annual Conversazioni
were instituted, sctting an example to all the other Socities of the
metropolis ; and the special feature of the Institution—the free
expression of opinion, at the discussions upon the Papers—was
la.rgelf' encouraged. Mr. Walker had a pecuH:;.r talent for guiding
the Meetings, and for eliciting the information possessed by the
Members and the Visitors; and he was solicitous to have invita-
tions issued to all those who were capable of contributing to the
interest of the discussions, which he generally summed up very
cleverly. His extensive acquaintance among scientific men and
noblemen who felt an interest in the progress of Engineering
science eunabled him to induce many distinguished visitors to
attend the Meetings, and, in some instances, to join the Society.

During the period of his filling the Presidential Chair, he
liberally assisted the then comparatively young Society, as by his
great wealth he could afford to 5:. The necessary alterations, how-
ever, in the constitution of the Society not meeting his views, he
ceased to feel as great an interest as formerly ; still, in his capacity
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of a Past-President, he was a not unfrequent attendant at the
Meetings.

In spite of somgwhat declining health, Mr. Walker continued to
exercise his profession up to the period of his decease, and to the
very last he retained his vigorous and shrewd intellect. He was
emimently & man of business, and he had, at least, as much skill
“in the engineering of men as of matter.”

It has been correctly stated, that ¢his works were remarkable
for their solidity and permanency, and not less for their utili:_y, as
having a material share in aiding the commercial p of this
country in the present century, during sixty years of which he had
been in the active exercise of his noble profession.”

He died on the 8th of October, 1862, and was interred, by his
own desire, in his family vault, at St. John’s episcopal burial-ground,
at Edinburgh.

Mg. WILLIAM WEALLENS was the descendant of a German
family, who emigrated many years ago and settled in the North
of England, in connection with some pro steel works. Sub-
sequently his immediate parents devoted themselves to agricultural
uits, and his father, Jobn Weallens, held a farm, called the
t Houses, at North Dissington. His mother was the daughter
of the Rev. John Furness, of Ponteland, where William Weallens
was born, on the 8th of March, 1823. He received his education
under Dr. Cowan, of the Grange, Bishopwearmouth, and having
exhibited a talent for mechanical pursuits, he was apprenticed to
Messrs. Robert Stephenson and Co., on the 3rd of September, 1838,
and became the pupil of his stepfather, who took much pains with
his professional eSucution. His mother, who was early left a widow,
with two sons and a daughter, married Mr. Hutchinson, who
subsequently, as a reward for his faithful and efficient services, was
admitted to a sartnership in the celebrated firm of Messrs. Robert
Stephenson and Co., of whose works he was the acting manager.
the decease of Mr. Hutchinson, in 1853, the direction
of the mechanical department of the works was intrusted to
Mr. Weallens, and eventually, in January 1855, he was pre-
sented . with a partnership in the firm, to whose concerns he
devoted himself for some years with great emergy. He was a
very good mechanic, had clear judgment, and was fertile in
resources. His temper was peculiarly amiable, and he endeared
himself to the workmen and those with whom he came in contact
by the gentleness of his disposition. These qualities were esgecially
appreciated by the late Mr. Robert Step%enson, with whom he
was a great favourite, and they were also ized by his
fellow-townsmen, who elected him a member of the Town Council.
Ile took an active part in the Volunteer movement, commanded




634 MEMOIRS,

a company composed of men belonging to the works, and his
examprgncomributed essentially to the present state of efficiency
of the corps. He joined the lnstitution of Civil Engineers, asa
Member, in the year 1857, and was a Member of the Council of
the Institution of Mechanical Engineers, of Birmingham.

His decease occurred almost suddenly, and in an unexpected
manner. It had been the custom for Kim to make an annual
visit to the Continent, generally with his friend Mr. Charles
Manby. When the usual period for the journey approached,
although they had both been somewhat indisposed, they did not
see any reason for postponing their departure, but they travelled
more leisurely than usual as far as Turin, where Mr. Weallens’
state caused his companion 8o much uneasiness that he called in
medical advice; but he was assured that the journey further
south could be undertaken with safety, and probably even with
benefit to the invalid. On arriving at Genoa, on consulting a
Khysician of eminence, it was, however, thougbt desirable to retnm

ome, and Mr. Weallens was taken to Marseilles by sea, and
thence, in a bed-carriage on the railway, to Paris, which was
reached with comparatively little fatigue at seven o’clock on the
evening of Saturday, the 1st of November, 1862. The best medical
advice was immediately sougbt, but a sudden change occurred,
and in spite of the most skilful treatment, the patient sunk rapidly,
and expired at two o'clock on the morning of Sunday the 2nd
of November, 1862. So tranquil was his end that the actual
moment of his decease was only perceived from the imability to
ewallow the liquid which was administered to him in spoonsful at
very short intervals, by Mr. Manby, who from the commencement
of the serious attack had not left him, day or night.

His remains were brought to E d, and were interred
in the family vault at Ponteland, near Newcastle-on-Tyne, on
Saturday, the 8th of November, 1862, when a well-deserved
tribute of respect was paid to his memory by the attendance of
his partners, a large number of his fellow-townsmen, the workmen
from the factory, and a large body of Volunteers under arms, all
anxious to pay the last tribute of respect to the memory of a man
who had been so deservedly beloved and esteemed, and who, at the
early age of 40 years, had been removed so suddenly from amidst
a large circle of friends. A mural tablet was subsequently erected
to hi:;ls memory in the church at Ponteland, by a few of his attached
friends. :

LievreNnaNT-Corove.  JOHN FRASER LODDINGTON
BADDELEY, Royal Artillery, Chevalier of the Legion of Honour,
and of the Order of Medjidie, &c., was the sixth child of the late
Major John Baddcley, Superintendent-General of the Barracks
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in Ireland, formerly of the 7th Hussars and 22nd Light ns.
At fifteen years of age young Baddeley joined the Military
Academy, Woolwich, and at seventeen he obtained his commission
in the Royal Artillery. His earliest services were in Ireland and
in the West Indies, and on his return he was appointed to the
Horse Artillery. On his promotion he was made Adjutant to the
Tenth Battalion, but this appointment he resigned, and volunteered
for the Crimea, where he was appointed Acting-Adjutant to Colonel
Lake, R.A., and was attached to the Light Division under Sir
George Brown. He was present at the actions at Boulganak,
the Alma, Balaclava, and fnkerman, where he was dangerously
wounded: He received the Crimean Medal with four cla';Ps, the
Legion of Honour, the Order of the Medjidie, and the Turkish
Medal, and was appointed shortly afterwards second officer of the
Royal Powder Works, Waltham Abbey, where he remained five
years. He was subseguently made Assistant-Superintendent at
the Royal Small Arms Factory, Enfield Lock, where he died, after
one week's illness, aged thirty-six, leaving a widow and six children
to deplore his early and untimely death.

The service thus lost an excellent officer, and the department
to which he was attached, a most able and valuable assistant.
The great mechanical abilities and untiring devotion to his duties
which he exhibited during the period of his service at the Royal
Gunpowder Factory at Waltham Abbey, as well as at the Royal
Small Arms Factory, justly entitle his loss to be regarded in the
light of a public one. e funeral of this much-lamented officer
took place at Enfield on the 1st of March, 1862, and was conducted
with more than the usual military honours due to his rank, being
attended by a considerable body of troops, both regulars and volun-
teers. A sEontaneous and most gratifying exhibition of feeling was
shown by the workmen of the factories at Enfield and Waltham
Abbey, who in a body of upwards of twelve hundred men accom-
panied the remains of the deceased officer to their last resting-
place. The universal feeling of regret at the loss they have sus-
tained, as well as the deep estimation in which he was held, have
been shown by the publication of most creditable compositions in
verse by workmen of the factory, and also by a subscription raised
amon%st themselves for the purpose of erecting a marble tablet in
the church of the factory to the memory of their departed and
acknowledged friend.

Lieutenant-Colonel Baddeley possessed all the qualifications for
eventually attaining a very distinguished position. He had clear
intuitive perception, g f':sdgment, indefatigable industry, and
had studied hard to extend his scientific and mechanical knowledge.
To him may be ascribed the merit of the introduction to the ser-
vice of the foreign mode of purifying saltpetre; and he published
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a tract, “ On the Manufacture of Gunpowder, as carried on at the
Government Factory, Waltham Abbey (1857.) !

On becoming attached to the Royal Small Arms Factory, at
Enfield, he immediately took a marked position; and if his life
had been spared, he would have taken a very active and usefal
part in theWar Office Manufacturini Department.

He was a general favourite in the branch of the service to which
he belonged, and his decease was deeply and deservedly regretted
by a large circle of friends.

Caprain CARLTON THOMAS COLLINGWOOD jeined
the Institution of Civil Engineers as an Associate, in the year
1857 ; and died in India on the 7th of March, 1860.

It is regretted that repeated applications have failed to obtain
any materials for a memoir.

CoLoNxe. SAMUEL COLT was born on the 19th of July,
1814, at Hartford, Connecticut, U.S., America. He was of Scotch
descent, his father, Christian Colt, being the son of an early settler
in Connecticut.

Sam Colt had not the advantage of careful education, and ata
very early age he ran away to sea, and made several voyages to
India. H:iad latent meci'nanical talent and great energy, and it
is stated that he was constantly devising some supposed improve-
ments in the tackle, &c., on board, for which the commander did
not award him the credit which he imagined was his due ; and he
turned his attention to a repeating fire-arm which should be also
a breech-loader, and thus afford to the solitary pioneers of the
Western States the immunity from danger which only could be
obtained by rapid firing, in case of attack by the Indians. Whilst
at sea he is supposed to have produced the first wooden model of
the revolver pistol which bears his name ; and it has been asserted
that, on his return to America, he fell in with another untanght
inventor, like himself, whose attention had also been directed to
the same subject, and that he received from this accidental
acquaintance the first- notions of the necessity of adopting
mechanical and automatic machinery for the production of these
weapons. For some years he had to struggle with great difficulties,
and during that period he turned his attention to other subjects;
but always keeping in view the production by machinery of the
several parts of the repeating fire-arm, and for this he mvented
and adapted various machines. He received his -first patent
in' 1835, and established a factory in Paterson, New Jersey, but

} Library Inst. C.E, Tract 8vo. vol. cxx.
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met with indifferent success. He subsequently disposed of his
right to manufacture revolving fire-arms, and, as it was generally
" understood at the time, expended the proceeds in a vain attempt
to clear his brother, Jobn C. Colt, of a charge of homicide. Sam
Colt afterwards invented a submarine torpedo, which was intended
for the destruction of vessels. He gave two exhibitions of the
wer of his new invention in the bay off Castle Garden, by blow-
ing up first a_schooner, and afterwards a large brig. He then
established a line of telegraph between New York and Sandy
Hook and Montauk, which was intended to announce the arrival
of vessels, and to facilitate the despatch of important foreign news ;
but this enterprise failed, and he became very much reduced in
circumstances. Colonel Colt is also reputed to have been the
inventor of the first submarine telegraph cable, as shown and
tested from Fire Island to New Yori, and from the Merchant’s
Exchange to the mouth of the barbour, in 1843. A few years
later he again obtained possession of his patent for the revolving
pistol, and with the assistance of a few capitalists who joined him,
a company was formed and a manufactory was established at Hart-
ford, which has proved very successful, not only in the making of
pistols, but in the manufacture of a revolving rifle, which was also
the invention of Sam Colt. The factory was supposed, before the
war, to be worth nearly $5,000,000, and since then has, most
robably, considerably augmented in value. The proceeds have
n so great, that Colonel Colt realised a large landed estate,
and he was no doubt one of the wealthiest men in New England.
At the period of the International Exhibition in 1851, Colonel
Colt first visited London, but so little was generally known of
the use of repeating fire-arms, that “ Colt’s Revolvers” scarcely
attracted any attention, and it was only towards the time of the
closing of the Exhibition that General Gibbs MacNeill (U.S. army),
who had experience of the value of these armsin the Texan and
‘other exped}i):ions, directed to them the attention of some Members
of the Institution of Civil Engineers, by oue of whom a Paper was
written, from the information given by Colonel Colt, describing
the automatic machinery used in the production of these weapons.
The Paper! was read, and the subject was discussed at two meet-
ings of the Institution in the month of November 1851. This
induced the attention of the Government to the mode of manu-
facture, and Colonel Colt was permitted to establish a small-arms
factory in a building belonging to the Government at Thames
Bank, Pimlico. This was not successful as a commereial specu-
lation, but it had the result of inducing the attention of the
intelligent gunmakers of the metropolis and the provinces to the

! Vide Minutes of Proceedings, Inst. C.E. vol. xi. p. 80.
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subject, and eventually at the Government Small Arms Factory
at Enfield, the same kind of automatic machi was adopted,
with the present evident beneficial result for Her Majesty’s service.
This is another instance, among many, of the too general neglect
of useful inventions from abroad, and their eventual forced intro-
duction. In this case Colonel Colt lost a large sum of money,
and the Engineer who introduced him and the repeating arm to
the Institution, the Government, and the public, and wrote the article
in question, is not publicly known in connection with the subj
After the closing of the manufacture at Thames Bank, Colonel Colt
returned to America, and on the breaking out of the war, he used
great exertions to extend the production of arms, supplying also
considerable funds for raising a corps of men for the service of the
Northern army. He is stated to have greatly extended the Hart-
ford works, and to have realized a very large fortune.

His decease occurred, from disease of the brain, on the 9th of
January, 1862, in the forty-eighth year of his age. He wasa
man of determined will, of great natural powers, and only lacked
the advantages of early education and training to have become a
man of mark in his generation. )

He joined the Institution as an Associate in the year 1852, and
received a Telford Medal for the Paper already referred to.

Mr. ROBERT COWEN was born at Biglands, near Wigton,
Cumberland, in 1787. He received the rudiments of his education
at the village school, and from youth onwards he was a diligent
gelf-instructor. At the early age of fifteen he was associated with
his father in the management of the cotton-mill carried on in
Carlisle by the firm of Cowen, Heysham, and Co. 1In a short
time he was found capable of taking upon himself the entire direc-
tion of the machinery department, and few young men, at their
entrance into life, ever more closely attended to the duties of their
allotted position than Mr. Cowen did. Although the long hours
and rigid rules of a cotton-spinning establishment leave the gensons
en in it but little leisure, Mr. Cowen contrived, by sys-
tematic application, to extend his knowledge of scientific subjects.
Mechanics were especially his delight, and his Eroﬁciency was
shown by improvements in the spinning and ing machinery,
which essentially contributed to the success which attended the
house. In process of time the style of the firm was altered to
Jacob Cowen and Sons, and Mr. Robert Cowen became a partuer
in the concern with which he continued to be connected for so
many years. Without neglecting the business, he found time
for pursuing his studies, and there were few men who better un-
derstood the principles and practice of mechanics. His know-
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ledge, in fact, extended to most of the sciences and the useful
arts: and, amidst his active engagements, he was still able to culti-
vate the arts of drawing, painting, sculpture, and engraving: but
this stringent taxing of the mental powers produced their natural
effects upon the body, and up to his fortieth year Mr. Cowen was
an ailing man, and very reluctantly mixed with society.

He was, however, hospitable in an eminent degree, but he was not
a demonstrative man, and he was never heard to boast of what he
had done or intended to do. He shrank from display, save in the
matter of the fine arts, and his love for and patronage of them
was demonstrated by the possession of an unusually large collection
of Xaintings and sculpture, a well-selected library of sterling books,
and a great number of valuable engravings and drawings. Few
private residences contained more or better selected attractions.

At a somewhat early period of his career, in 1824, Mr. Cowen
had conferred on him by the Society of Arts the Gold Vulcan
Medal' “for his improved method of carrying off the Dust produced
in grinding Cotton Cards,” which, up to that date, the workmen of
Sheffield and elsewhere were compelled to inhale at the terrible
cost of lung-disease and premature death. In 1827, he received a
second gold medal from the same Society? for his Draining Syphon;
a practical and useful invention for the extraction of liquids from
large vessels, and water from pools, lakes, &c., below the ordinary
level, or for raising water from lower to higher levels.

In due time Mr. Cowen, having to some extent retired from the
. active management of .the mills, determined to gratify the natural
bent of his inclinations, and to adopt the profession of a Civil
Engineer, for which he was technically qualified by his mechanical
knowledge and practice, and theoretically by his intimate ac-
quaintance with the applied sciences. He took a very active and
useful part in the improvement of the City of Carlisle, promoted
the establishment of water and gas works, of which latter he
became the Chairman, and by his influence enabled the Company
to avoid expensive litigation. He held the office of Government
Inspector of Steam Boat Machinery for a part of the Solway. He
was in the Commission of the Peace for the County of Northum-
berland and the City of Carlisle, of which also he, for some time,
was an alderman and town-councillor; and there was scarcely a
charitable institution in the town that had not the benefit of his
pecuniary support.

To several young men who have since risen to honourable posi-
tions he aﬁ'on{ed timely and effectual aid, and among them must
be especially mentioned the late Mr. Joseph Miller, F.R.S., M. Inat.

! Vide * Transactions of the Society of Arts,” vol. xliv. p. 182.
2 Ibid., vol.xlv. p. 113.
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C.E., &c., to whom the advice and assistance he rendered in early
life was most valuable, and it was always gratefully acknowledged.
In later years, when Mr. Miller had attained his deservedly high
reputation as an Engineer, he delighted to recall the advantages
he received from the precepts and example of Mr. Cowen, and they
remained fast friends through life.

Mr. Cowen joined the Institution of Civil Engineers as an Asso-
ciate in the year 1844, and always took much interestin its welfare.

“ He died on Sunday afternoon, 27th April, 1862, at his house
in Devonshire Street, Carlisle, in the 75th year of his age, after
a long course of sickness and suffering ; but, in the closing s
of his decline, although his bodily strength failed, and his form
became greatly attenuated, his mental powers and memory were
mercifully preserved to him in perfection, and enabled him to direct
all that & man must wish to have done who is conscious that he is
on the point of yielding up his breath to Him who gave it. His
complaint was hereditary gout of %rleat severity, involving a com-
plication of ills and acute pains. He, however, bore his affliction
with fortitude and resignation. He had no desire to live; he
looked beyond this world. He said, in reply to the inquiries of a
friend, that ‘he had made his peace.’ TEe troubles and cares of
life at an end, he sleeps soundly. Those who well knew him and
appreciated his worth will pever cease to cherish and honour his
memory.”

Mg JOHN WITHERS, of Whalley Abbey, joined the Institu-

tion of Civil Engineers as an Associate in the year 1857. He

died on the 25th October, 1862, at the age of 43 years.

ce;&flllal;mmpts to obtain materials for a Memoir have been unsuc-
ul.

Mz. JOHN BRANNIS BIRCH, F.G.S., was born in London in
the year 1813. He studied architecture and surveying under his
father, and subsequently embraced the profession of a Civil En-

ineer. At an early Eeriod of his career he entered into partner-
aghip with his brother, Eugenius Birch (M. Inst. C.E.), a connection
which continued up to the period of the death of J. B. Birch.
He was actively engaged in works of varied character up to 1845,
when he took a prominent part, as Engineer, in the parliamentary
survey and sections of several important lines of railway. He
was then engaﬁ in laying out the section of the East Indian
Railway from Calcutta to Delbi, and with his brother designed
the whole of the bridges and viaducts, and upon the material thus
furnished the guarantee of the line was obtained. He was subse-
quently employed in the construction of several works of interest
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and public utility, among which may be mentioned the Margate
Pier, which was ereeted in 1853 from the designs and under the
supervision of his brother and himself. It is remarkable as being
a very early example of the complete adaptation of iron as the
material in the formation of sea structures of that kind.

He was elected a Graduate of the Institution of Civil Engineers
in 1842, and in that capacity he remained to the time of his
death., He became a Fellow of the Geological Society in 1847,
and "a considerable portion of his leisure time was Zevoted to

eological researches, in which he took an interest second only to

at with which he regarded the works of the profession he had so
happily chosen for himself, and which he for so many years ear-
nestly and zealously pursued.

He died in London on the 17th of June, 1862, deeply regretted
by all his connections and frienda

[INDEX.
[1862-63. N.8.] ’ 2T
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and as to the present railway system of India, 489, ef seq.

Birch, J. B., memoir of, 640.

Blount, J., elected member, 510.

Bolckow, H. W. F., elected associate, 451.

Bolden, H., elected associate, 451.

Bolton, Captain F. J., elected associate, 540.

Bouch, T., remarks as to the considerations which governed the choice of mate-
rials for the Hownes Gill, Deepdale, and Beelah viaducts, 52.—Ditto as to the
lateral spread of the piers in the Hownes Gill viaduct, to secure a greater area
for the foundations, 56.

Bowen, O., elected associate, 451. .

Braithwaite, F., remarks as to the large quantity of water abstracted from the
Thames above Teddington Lock, 864.—Ditto as to spontaneous evaporation, 364.
—Ditto as to Dickinson's rain gauge, 865.

Bramwell, F. J., remarks as to the oscillatory movements of locomotive engines not
being caused by the pressure of steam in the cylinder, and but to & small
extent by the momentum of certain parts, 85.—Ditto as to the inexpediency of
single-cylinder locomotive engines, 92.—Vote of thanks to, 111.—Appointed one
of the auditors of accounts, 111.— Remarks as to the rescmblance between Clark'a
and Spagnoletti's system of railway telegraphs, 229.—Ditto as to the effect of
sea-water on cast iron, 440.—Ditto as to the advantage of drilling instead of

. panching rivet holes, 580.—Ditto as to the strength of cast-iron, and as to the
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result of experiments to ascertain the same, 558.—Ditto as to the toughness of
iron being increased by melting, 560.—Ditto as to the principles involved in the
construction of the trusses of American iron bridges, 560.—Ditto as to the Fink
truss, 561, et seq.—Ditto as to the compression bar of the Fink truss compared
with that of an ordinary diagonal truss, 563.—Ditto as to the Bollman truss,
567.—Ditto as to the cause of the waste of metal in the Fink and Bollman
trusses, 567.—Ditto as to the Murphy-Whipple truss, 567.—Ditto as to the
defects of the above trusses, 567.—Ditto as to a plan for insuring the accurate
boring of tires, 612. .

Brassington, J. W., elected associate, 167.

Break, railway, notice of a, 240.

Brereton, R. P., remarks as to the abandonment of the superheating apparatus in
the Kingstown and Holyhead steam-packets, 597.

Bridge, the Charing Cross, 512.—General description, 512. — Cylinders for the
openings 154 feet span, 513.—Sinking the cylinders, 514.—Filling the cylinders
and weighting, 515.—Each pair of eylinders connected together transversely by
a wronght-iron box girder, 516.—Buperstructare of the openings 154 feet span,
516.—Main girders spanning the 154 feet openings, 516.—Rivet holes drilled,
517.—Results of testing a girder, 519.— Question as to the propriety of continuity
of girders, 520.—Cross-girders for the openings 154 feet span, 521.—Method of
suspension, 521.—Fan end, 522.—Roadway and footpath platforms, 524.—Causes
that retarded the completion of the bridge, 524.—Cost, 525.—Table of results
of experiments on plate-iron, of the kind used in the construction of the Charing
Cross bridge, 527.

Bridges, American iron, 540.—Advantages of iron over timber bridges, 540.—
Earliest iron bridges erected in that country, 540.—Major Delafield’s arched
bridges, 540.—Captain Meigs' aqueduct bridge at Washington, 540.—Iron
arched bridge over the Schuylkill River at Philadelphia, 541.—Plate girder
bridge over the Oarroll's Run stream, on the Baltimore and Susquehanna rail-
road, 542 —8trength of American cast iron, 543.—Ditto of American wrought
iron, 544.—Extent of working strains allowed, 545.—Peculiarities of the iron-
trussed bridges as distinguished from trussed bridges in England, 546.—Rider's
trellis bridge, 547.—The Whipple bridge as improved by J. W. Murphy, 547.—
The tension rods, 549.—Cost of American bridges, 549.—The Pennysylvania
Central Railroad bridge across the Schuykill at Philadelphia, 549.—Cost of
ditto, 550.—Wrought-iron rolled beams employed for the top and bottom chords
of the pivot span of ditto, 550.—Pivot upon which the turning span of the
bridge is made to revolve, 551.—Bollman's truss bridge, 552.—Bridge at
Harper's Ferry, 552.—Bridge designed by A. Fink, 553.—Bridge on the Balti-
more and Obio railroad over the Monongahela river, 554.—The Barren River
and Erie River bridges, 555.—Cost per lineal foot of the Bollman and Fink
trusses for a single line, 555.—Great range of temperature in America unfavour-
able to the use of cast iron for railway bridges, 555.—Cost of wrought-iron plate
girders in Canada, 555.

, American timber, 805.—The only works available in new and poor

countries where timber is abundant and cheap, 805.—The lattice bridge not

suitable for heavy traffic, 305.—The Howe bridge, 806.—Description of an
ordinary Howe bridge over the James River at Richmond, 807.—Weight of
bridge per lineal foot and calculation of strains assuming a load of 8,000 lbs. per

lineal foot uniformly distributed, 307.—Ordinary dimensions for a span of 150

feet, without arches, on the Portland railway, 308.—Strains, assuming a weight

of 8,000 Ibs. per lineal foot, 308.—The Improved Howe truss as constructed on
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the Philadelphis and Reading railway, 308.—Reference to its supporting loadex]
coal wagons after several of the main trusses had been broken, 309.— Subject to
very heavy loads, 309.—Limit of safe compression on timber framing, 310.—
Approximate quantities of materials in this bridge, 310.—Deflection at first emall,
but rapidly increasing with the decay of the bridge, which soon occurs through
the we of unseasoned timber, 310. — Disadvantages from the combination
of the arch snd truss, 811.—Piers generally built of granite masonry, some-
times of brickwork, 811.—Great height of the piers of & truss bridge built over
the Gencsee River, 812.—McCallum's inflexible arched truss, 812.—Dimensions
for & 200 feet span railway bridge for a single line, 812.—Distribution of strains,
318.—Deflection when loaded, 318.—Effect of the arch and arch braces in sus-
taining & train on the occasion of an secident or injury to a bridge, 814.—
Results of testing s bridge over the Busquehanna river, showing a very amall
deflection, 814.—Durability and economy of the bridge referred to by Mr. Post,
814.—Aggregate length of bridges on different railways, 814.—Design for a
railway swing bridge over the Missisippi river at Qlinton, Ohio, 315.—Qul-
culations in reference to the tension on the available sectional area of the
bottom chord, 315.—Mr. McCallum's experience of the deflection of railway
timber bridges after several years' use, 816.—Dimensions of a McCallum com-
mon road bridge of 150 feet span, 816.—Adaptation of the Howe truss to roofs
of considerable span as carried out at the Dunkirk station of the New York and
Erie railway, 816.—Accuracy of the designs in proportion to the strains coming
on the timbers, 817.

Brooks, W. A., remarks as to the oecillatory motion of waves in deep seas, 443.—
Ditto as to errors in the construction of recent harbour-works and breakwaters,
444 —Ditto as to the depth of water over the bar at Kurrachee, 487.—Ditto as
to the contraction of the tidal flow caused by works in progress at Kurrachee
harbour, tending greatly to injure the harbour, 487, 489.—Ditto as to Lieut.
Taylor's plan for the improvement of the mouth of Kurrachee harbour, 488.

Brown, J., elected associate, 65.

Browning, T. G., elected associate, 65.

Bruce, G. B, remarks as to the high cost of labour on the Scinde railway, 484.—
Ditto as to the question of dispensing with contractors in India, 485.—Ditto as
to training young people in India to different trades, 485.—Ditto as to the expe-
diency of using iron instead of wooden sleepers in India, 485.—Ditto as to the
question of allowing flood-water to run under or over the Scinde railway, 485.—
Ditto as to the necessity of sending mechanies of good character to foreign
countries, 486.

Brunlees, J., remarks as to a degign for a breakwater and pier at Point de Galle,

446.
Brunton, G., elected member, 65.
, J., description of the line and works of the Scinde railway, 451.—

Remarks as to prices paid for labour on the Scinde railway, 494.—Ditto as to
the cost per mile of the Scinde railway not being excessive, 495.—Ditto as to
the Burnettising process of saturating sleepers with chloride of zinc, 495—
Ditto as to the preservative effect, against white ants, of the immersion of timber
in chloride of zinc, 496. — Ditto as to the waterway on the Scinde railway,
496.

Bryce, A, elected member, 336.—Remarks as to the supply and cost of railway
sleepers in the Madras Presidency, 258.

Budd, G. 0., elected associate, 336.

Burges, A., presentation of books to the Institution by, 2, 124.
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Burt, H. P., remarks as to oreosoted sleepers sent out to India, 255.—Ditto as to
crecsoting operations not being carried out with suocess in Yndia, 255.—Ditto
as to Australian woods not being readily available for supply to Indis, and
being difficalt of creosoting, 256.

Byrme, H,, on the use of the timber of the Palmyra Palm in the construction of
bridges, 58.

Cato, C. J., elected associate, 65.

Chapman, C. W. B, elected associate, 451.

Olutterbuck, Rev. J. Q., the perennial and flood waters of the Upper Thames,

836.—Remarks as to the antagonism in the interests of the mills and the
navigation of the Thames, 853.—Ditto as to the want of sufficient knowledge
of the geological condition of strata whence water can be procured, 853.—
Ditto as to winter floods being diminished by agricultural drainage, 853.—
Ditto as to the water at Thames Head issuing from the oolite, 857.—Ditto as to
the difficulty in getting accurate statistics of the Upper Thames, 368.—Ditto as
to the capacity of the river for the discharge of flood water, 369.—Ditto as to
the small amount of evaporation from a surface of water, as exemplified in the
oase of dew-ponds, 869.—Ditto as to Dalton’s gauge, 869.—Ditto as to the
water supply o be obtained from the chalk, 369,

Cochrane, J., remarks a8 to drilling the rivet-holes in the girders of the Charing
Cross bridge, 530,

Cofferdam, the syphons, and other works, construocted in consequence of the failure
of the Bt. Germains’ sluice of the Middle Level drainage, account of the,
497.—The Eau Brink Cut, as completed in 1857, 497.—Failure of the 8t. Ger-
mains’ sluice, and bursting of the western bank of the Middle Level drain,
498.—Bteps taken by the Middle Level Drainage Commissioners, 498.—Earth-
work dam commenced and partially carried out, 498.—~Failure of first attempt
to construct a permanent cofferdam, from a barge breaking loose and destroying
the piles, 499.—Levels of the water in the River Ouse and in the drain, 499.—
Account of the construction of the oofferdam, 500.—Pile work, 500.—Precau-
tions adopted to obviate the scour of the water, 501,—The panels, 502.—Failure
of the first attempt to close the dam, 502.—Dam finally closed, 503.—Further
strengthening of the dam, 503.—Reasons for adopting syphons for draining off
the surplus water, 504.—The syphons, 504,—Works subsidiary to the adjust-
ment of the syphons, 505.—Apparatus for putting the eyphons into action, 506.
—Reason for adopting two valves in.the syphons instead of one, 506.—Covering
of the syphons, 507, —8topping the breach, 507.—Syphons will probably be
found to answer all the purposes of & permanent sluice, 508.—Total quantities
of the several kinds of materials used in the construotion of the cofferdam and
the syphons, 509.—Tables showing the working of the syphons, 509 ef seq.—
Capacity per foot in height above datum of the drain between the syphons and
the Qutwell sluice, 511, .

Coimbra, A. T., elected associate, 65.

Colburn, Z., remarks as to the superiority of iron and stone to the best timber
bridges, 31&—D1tto as to the duration of timber bridges, 318, —Ditto as to
instances of costly renewals and failures of ditto, 819.—Ditto as to the weaknees
of the lattice bridge over the James River at Richmond, Virginia, 320.—Ditto
a8 to the destruction of American timber bridges by fire, 320.—Ditto as to the
necessity of watchmen to prevent incendiarism, 320.—Ditto as to the cost of
American timber bridges, 321.—American iron bridges, 540.—Remarks as to
the economy of ditto, 557.~Ditto as to the amall quantity of material in ditto,
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557.—Ditto as to the strength of ditto, 558.—Ditto as to the assumed load cf
bridges of 200 feet span adopted by Messrs. Murphy Whipple, and Bollman,
558.—Ditto as to American cast iron, 558.—Ditto as to the comparative merits
of American iron truss bridges, 578.

Collingwood, Capt. C. T., notice of the decease of, 636.

Collyer, Col. G. C., R.E,, elected associate, 336.

Colt, 8, C)l. U.S.A., memoir of, 636,

Communication between London and Dublin, on the, 574.—Holyhead a convenient
port of departure for Dublin, 574.—Communication between London and Dublin
wvery irregular, and journey very protracted in the last century, 574.—Note as to
the Skerries Rock lighthouse, 574.—Improvements effected in the land part of
the journey from London to Holyhead in the first quarter of the present century,
575.—Inferiority of the vessels employed for the sea part of the journey, 576.—
Construction of the packet harbour at Howth, 576.—Successful introduction of
steam-vesscls, 576.—Direct postal service established between Liverpool and
Dublin, 577.—Regular steam communication between Liverpool and Daublin,
originated by C. Wye Williams, 577.—Iron sea-going vessels first built by
A. Manby, 578.—Completion of the railway from London to Liverpool, and
between London and Holyhead, 578.—Approximate cost of maintaining the
service between Great Britain and Ireland, prior to its concentration at Holy-
head, 578.—Completion of the Asylum Harbour of Kingstown, 579.—Holyhead
Harbour of Refuge, §79.—Introduction of a superior class of veseels, 579.—
Vessels provided by the Chester and Holyhead Railway Company, 579.—Ad-
miralty contract for the packet-service, 579.—Gradual improvements in accelera-
tion of time occupied in the journey at various periods, 580.—Plan for farther
improvements in the train and steam-packet service, 581.—Recommendation of
a Committee of the House of Commons rejected, 581.—Ultimate agreement
between the Government and the London and North Western Railway Com-
pany and the City of Dublin Steam Packet Company for an accelerated service,
582. — Extruct from Treasury Minute, dated October 19, 1855, 582. —Main
provisions of the new postal contract, 583.—Vessels construoted for the service,
584.—Details of the ¢ Connaught,’ 584.—Engines of the * Connaught’ and the
¢ Leinster,’ 586.—The * Ulster " and the * Munster,’ 587.—Internal arrangements
of the vessels, 587.—Opportunity for attaining good results, 588.—Cost of the
vessels. 588.—Post-office for sorting letters during the passage, 589.— Com-
mencement of the service and gain in speed realized by the new vessels, 589.
—8tone jetty for landing in Kingstown Harbour, 590.—Piers and quays; not
yet finished at Holyhead, 590.—Timber jetty for temporary use, 591.—Manner

in which the new service has been performed, 5§91.—Close performance; of
the vessels, 592.—Consumption of coal, 593.—No break-down experienced, 598,
—Difficulty in obtaining sufficiently sound forgings for the large intermediate
air-pump crank shafts, 593.—No repairs to-the ships hitherto needed, 594.
—Bottoms of the vessels cleaned by’ divers, 594.—Admirable performance by
the London and North Western Railway Company, 594.—Appendix: Par-
ticulars of trial trips, 595.

Conversazione, President’s, notice of the, 614.

Coode, J., remarks as to the difficulty of impregnating with creosote the denser
woods of India, 258.

Cooper, J., memoir of, 624.

Oouncil, list of the attendances of the members of, read, 111.—Ballot for, 111.—
Annual Report of, read, 111.— Anaual Report, 113, — Council and Manby Pre-
miums, Stephenson and Miller prizes, and Telford and Watt medals awarded,
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Session 1861-62, 111, 120, 180.—List of subjects for premiums, Session 1862-63,
182.—Vote of thanks to, 111.—List of Council and officers for Session, 1862-63,
112, 166.—Remarks in Annual Report as to balloting list for Members of Council,
126.

Cowen, R., memoir of, 638.

Cowper, E. A, remarks as to the objections to be urged against single-cylinder
locomotive engines, 94.—Ditto as to balancing locomotive engines, 95.—Ditto as
to the uniformity of the rotative power in single-cylinder and double-cylinder
engines, 96.—Ditto as to the application of steam-jackets to cylinders and
cylinder covers of steam engines, 97.—Ditto as to the importance of vigilance
on the part of guards and engine-drivers on railways, 226.—Ditto as to the
practice of working railways in Germany by telegraph, 226.—Ditto as to the in-
vention of fog signals, 226.—Ditto as to the testing of the Charing Cross bridge,
581.—Ditto as to the weight per square foot of a crowd of men, 531.—Ditto as
to the strains upon cast-iron arches, 569.—Ditto as to the engines, &c., of the
Kingstown and Holyhead steam packets, 597.

Crawford, R., the railway system of Germany, 2, et seq.

Creamer, W. (., notice of a railway-break, 240.

Crowley, J. 8., elected associate, 167.

Cudworth, W., the Hownes Gill viaduct on the Stockton and Darlington railway,
44.—Remarks as to ditto, 52 et seq.

Culley, B. 8., remarks as to the permanent system of train signalling by telegraph
being preferred by signalmen, 221.—Ditto as to the bell system being preferable
to the system of temporary needle signals, 222.—Ditto as to possible accidents
on reilways from errors arising from reversal, demagnetisation, or accident, to the
telegraphic signalling wire, and the remedy by the repetition of the signals, 222.
—Ditto as to the length of the needles employed in telegraph signalling, 223.—
Ditto as to the system of telegraph signals at the tunnel at the New Street
Station, Birmingham, 223.

Curtis, J. G. Cockburn, remarks as to the education of Engineers, 41.—Ditto as to the
improbability of the native woods of the Madras Presidency proving suitable for
sleepers, 257.—Ditto as to the superiority of the woods of Singapore, 258.—Ditto
as to the construction of sewers in New York, 300.—Ditto as to sewers with a
dead level bottom being objectionable, 301. — Ditto as to the great expense
incurred injthe renewals of timber bridges in Spain, and their liability to be
burnt during insurrections, 828.—Ditto as to the importance of considering the
‘lead’ of sea in the construction of harbours of refuge, especially where con-

_ crete is to be used, 443.
Cutler, W. H., elected associate, 65.

Davis, J., elected associate, 451.

De Mornay, E., remarks as to the advisability of constructing railways in Brazil on
the American principle, 409.

Dean, C,, elected member, 65.

Dent, W. D, elected member, 451.

Dinting and the Mottram viaducts, on the reconstruction of the. Vide Viaducts,

Doyne, W. T., remarks as to the wood of palms, 68.

Drainage of the borough of Dundee, description of the, 262.—Description of the
borough, 262.—Sanitary condition very defective previous to 1851, 262.—Borough
under the General Police Act for Scotland in 1851, but sewerage not commenced
till 1856, 262.—Cost of works, 262.—Physical features of the town of Dundee,
262.—Account of sewers that existed previous to the commencement of the
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works, 968.—8owage discharged at once into deep water, 264.—Proposal to
convey the sewage through a cast-iron pipe for irrigating the Barry S8ands, 264.
—Materials, dimensions, snd depth of sewers, 264.—Difficulties met with in
excavation, 265.—Gas and water-pipes & source of annoyance and expense, 265.
—Deposits of sand prevented by making the intercepting sewers at a greater
depth than the lateral sewers, 266.—~Manholes, 266.—Junctions for the hounse-
drains and gullies, 266.—Invert blocks, 267.—Gully drains, 267.—Contrivance
to prevent the escape of gases, 267.—Branch drains and traps, 267.—Waier
supply extended, 268.—Sewers rendered self-cleansing by flushing gates, 268.—
Description of the process of cleansing the sewers by scrapers, 270.—Cost of
cleansing sewers, 270.—Branch drains $0 mnderground cellars near the level of
high tide, provided with self-acting flap-valves, 270.—No means of ventilation
provided, 271.—~Proportion of brick sewers to tubular sewers, 272.-—Stone sewers
originally contemplated, 272.—Effeot of the drainage on the public health, 272.

Dunn, T. E,, clected associate, 241.

Duplicate machines and engines, on the manufactare of, 604.—Introduction of the
system of epecial machines, each adapied to perform a perticular operation, 604.—
8aving effected by the introduction of the block machinery at Portamouth Dock-
yards, 604.—Ditto by the duplicate system at Enfield, 605.—Importance of fine
measurements demonstrated by Mr. Whitworth, 605.—Description of a machine
introduced in the workshops of the Midland rilway, 606.—Manner of obtaining
duplicates, 607,—Table of experiments on differences in diameter in boring and
turning wheels, 607.—Results of the experiments, 607.—Reeults found in shrink-
ing on outside aranks, 608.—Gauges used, 608.—Method by which the lengths of
the eocentrioc rods are preserved uniform, 608.— Improvements in plate-moulding,

609.—Plan for securing the fitting together the various pieces of a locomotive,
80 as to insure uniformity in erection as well a8 in construction, 610.— Advan-
tages of the system, 611.

Eborall, C. W., remarks as to the efficiency and safety of the *block® system of
train-signalling in use on the South Eastern railway, 210.—Ditto as to the
¢ block ’ system between Wokingham und Reuading, 212.

Edwards, H. H., memoir of, 625.

Errington, J. E., Vice-President, obituary notice of, by Mr. M‘Clean, V.P., at the
opening of the Session, 1.—Memoir of, 626.

Fairbairn, W., on the reconstruction of the Dinting and the Mottram viaduots,
827.—Remarks as to ditto, perticularly as to carrying on the wark without
interruption {o the traffic, 334.

Farfan, J. M., elected associate, 836.

Fell, J. B., elected associate, 386.

Fernie, J., elected associate, 65.—On the manufacture of duplicate machines and
engines, 604.—Remarks as to the system being founded on the application
of Mr. Whitworth’s true plane, 612,—Ditto as to a system of working from known
gauges, 613.

Filliter, E., elected member, 241.

Fogerty, J., eleoted member, 451.

Forrest, J., Secretary, vote of thanks to, 112.

Fowke, F., Capt. BR. E,, elected associate, 604.

Fo:ler J., V.P,, remarks a8 to the spread ol‘ the piers of the Hownes Gill via-

uct, 56.
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Fraser, J., elected member, 886.

Fraser, J. G., description of the Lydgate and of the Buckhorn Weston railway
tunnels, 371.—Remarks a8 to the cost of railway tunnels constructed under the
direction of Messrs. Locke and Errington, 381.

Fulton, J., description of the drainage of the borough of Dundee, 262.—Remarks
a8 to well-constructed drains not requiring ventilation, 284.

Furniss, J. R., elected associate, 241.

Furnivall, W. C, elected member, 65.

Gilbert, —, letter, in reference to Mr. Tyer’s railway telegraph system, 234.

Giles, A., remarks as to the interruption to traffic entailed in repairing wooden
bridges of large span on single lines of railway, 824.

Goodwyn, H., General B.E., extract from report of, as to the preservative effect of
chloride of zine, 495.

Gott, O., elected associate, 451.

Gotto, E., elected associate, 167.

Grant, J., remarks as to the method of ventilating the sewers of the metropolis on
the south side of the River Thames, 299.—Ditto as to the advantage of a supple-
mentary pipe outlet to discharge at low water, 299.—Ditto as to the question of
cleansing sewers, 299,

Grantham, J., Capt. R.E.,, elected associate, 241.

Grantham, B. B., remarks a8 to the areas of the catchment drainage of the principal
rivers in Bugland, 865.—Ditto as to the valley of the Upper Thames, and the
gorges being the most suitable places for effecting improvements, 865.

Gravatt, W., remarks as to there being no sinuosity of movement in locomotives
when the crank shaft is perfeotly stiff, 99.—Ditto as to the Calder and Hebble
navigation, 366.

Greaves, C., remarks as to the destructive nature of the climate on wood in
India, 259.

Gregory, C, H., remarks as to the education of Engineers, 42.—Dittoas to the decay
of creosoted European timber in tropical climates, and the consequent propriety
of using native timber for railway sleepers, 63.—Ditto as to the durability of
native woods in Ceylon, 260.—Ditto as to cheap American timber bridges, 321.
—Ditto as to the liability of timber bridges in America to destruction by fire,
and the substitution of wrought-iron girder bridges for timber bridges on the
Grand Trunk Railway of Canada, 322.—Ditto as to structures of wrought iron
not being of an absolutely permanent character, 322.—Ditto as to the use of
concrete as a hearting for piersand breakwaters, 439,

Hall, W., appointed one of the scrutineers of the ballot for Council, 111.—Vote of

- thanks to, 112.

Hargrave, C. T., elected associate, 451.

Harris, E., elected member, 836,

Harris, J. C., Major, B.E., elected associate, 65.

Harrison, T. E., remarks as to the comparative cost of railways and the value of
statistics as a check on expenditure, 80.—Ditto as to differences in the con-
struction of viaducts and bridges on English and German railways, 32.—Ditto
a8 to the balancing of locomotive engines with one or more cylinders, 84.

Hartley, J. E., elected member, 65.

Hawkins, G., remarks as to the system of train-signalling by telegraph in use on
the Brighton line, 212.

Hawkshaw, J., President, vote of thanks to, 111.—HKemarks as to railway telegraphs,
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238, —Ditto as to the inapplicability of the train-staff system of working railways,
238.— Ditto as to telegraphic arrangements not having induced greater vigilance
in engine-drivers, 239.—Ditto as to the saving of time effected by the use of the
electric telexraph, 239.—Ditto as to the necessity for the thorough ventilation of
sewers, 304.—Ditw as to the unfitness of earthenware for inverts for sewers, 304.
Ditto us to the impracticability of preventing the fouling of rivers by sewage,
804.—Ditto as to the ingenuity displayed in the reconstruction of the Dinting and
the Mottram viuducts, 3:35.—Ditto as to agricultural drainage probably having
the effvet of decreasing fluods, 370.—Ditto as to the value of a plain and accurate
description of important works, 333.—Account of the cofferdam, the syphons,
and other works, constructed in consequence of the failure of the St. Germains®
sluice: of the Middle Level Drainage, 497.—Ditto as to the weight that can be
put on London clay, 533.—Ditto as to the loading of the cylinders of the Charing
Cross bridge, 533.—Ditto as to drilling the rivet holes in the plates used in the
Charing Cross bridge, 534.—Ditto as to the weight per square foot of a crowd of
men, 53t —Ditto as to the strains on the girders of the Charing Cross bridge,
538.—Ditw as to the strains in an arched iron bridge, the weight being sus-
pended from the arch, 538.—Ditto as to American iron bridges, 573.

Hawksley, T., remarks as to the speed of the steam-vessels plying between Kings-
town and Holyhvad, 600.— Ditto as to the skin resistance of vessels, 600.

Hayter, H., appointed one of the scrutineers of the ballot for Council, 111.—Vote
of thanks to, 112.—The Charing Cross bridge, 512.—Remarks as to the weight
per square foot of u crowd of men, 532.—Ditto as to the strains on the girders of
the Cuaring Cross bridge when londed, 532.

Hemans, G. W., remarks us to the greater amount of oscillatory motion in outside-
cylinder than in inside-cylinder locomotives, 101.—Ditto as to the failure of the
¢ train staff’ system of signalling on Irish railways having a single line, 224.—
Ditto as to the mode of suspending the cross girders of the Charing Cross bridge
by stirrup-irons, 529.

Heppel, J. M., remarks as to the adoption of continuous girders for railway bridges
in India, 529.—Ditto as to the deviation of thrust from the centre of resistance
of the upper member of the main girders of the Charing Cross bridge, 530.

Holtzapfiel, J. J., elected associate, 241. .

Homersham, 8. C., remarks as to the different results produced by rain falling on
different geological formation, 860.—Ditto as to ‘ dumb’ wells, 361.—Ditto as to
the difference between the Dickinson and the Dalton percolation gauges, 361.—
Ditto as to the supply of water from wells in the chalk, 362.

Hownes Gill viaduct.—Vide Viaduct.

Huish, Cuptain M., remarks as to the continuous repetition of telegraphic signals
producing weariness and liubility to error, and as to their value as auxiliaries,
213.—Ditto as to the London and North Western: telegraphic train signalling
system, 214.—Ditto as to the danger of working single lines of railway by the
telegraph alone, and as to the ¢ train staff,’ 214.

Humphrys, E., remarks as to the disadvantage of the relatively great length of the
steam-vessels running between Kingstown and Holyhead, 598.—Ditto as to the
duration of super-heaters of ditto, 599.—Ditto as to the slip of the feathering

wheels of ditto, 599.

Jenkin, F., remarks a8 to Tyer's telegraph for train signalling, and some of its
merits and defects, 215.—Ditto as to E. Clark’s instrument for ditto, and as to
the means of protecting it from demagnetization by lightning, 216.—Ditlo as to
the liability of the semaphore to get out of order in Preece’s telegraphic system,
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217.—Ditto as to the propriety of permanent visible signals, 218.—Ditto as to
the use of cast-iron under compression, 567.

Jennings, J., remarks as to the extent iron bond might be used in concrete work,
445.—Ditto as to the manufacture of concrete, 445.

Jenoure, A., remarks as to the expediency of teaching the manipulation of tele-
graplis in schools, 230.—Ditto as to the ‘block’ system on the Stockton and
Darlington railway, 230.—Ditto as to the traffic being worked without electrical
signals on the Glasgow and Paisley railway, 231.—Ditto as to the durability of
timber, 259.

Johnson, T. Marr, remarks as to Spagnoletti's system of train-signalling in use on
the Metropolitan railway, 228.

Joy, A,, elected associate, 604.

Kershaw, J., remarks as to the impracticability of single-cylinder locomotives, 99.

King, F., remarks as to the gradual decline of the navigsation of the Upper Thamnes,
and the want of a proper outfall, 366.—Ditto as to the injurious effect on the
meadow land from damming up the river for the purpose of ‘flashes,’ and the
remedy to be obtained by canalizing the River Thames, 367.—Ditto as to the
neighbourhood of Oxford being flooded from raising the cills at Wolvercot mill,
King's Weir, and Wytham mill streams, 368.—Ditto as to the proper treatment
of all navigable valleys, 368.

Kit:on, J., remarks as to the oscillatory movement in double-cylinder engines, 83.

Koe, 8. L, elected associate, 241.

Lane, C. B, remarks as to the sinuous motion of broed-gauge locomotives being
more deleterious than that of narrow-gange locomotives, 106.—Ditto as to the
Stapleton tunnel on the Bristol and Gloucester Railway, 881.—Ditto as to the
difficulties of construction, from the unstable condition of the ground, from an
old tunnel having been earried through the same place, 381.—Ditto as to the
progress of the work, 382.—Ditto as to centres for tunnels, 382.— Ditto as to the
tunnel as completed, 382.—Ditto as to invert put in where there was much
lateral pressure, 883.—Ditto as to cost of ‘materials used in the construction of
the tunnel, 383.—Ditto as to the perishable nature of native Brazilian timber, and
the propriety of using creosoted North of Europe timber.for railway purposes in
Brazil, 409.—Ditto as to the efficiency of European labour being less than one half
in @ tropical climate, 411.—Ditto as to the efficiency of Portuguese masons, 412.

Lewis, J., elected member, 451.

Locomotive engines, on some of the internal disturbing forces of, 65.—Improve-
ments in the permanent way of railways, 65.—General considerations of the
effect of internal forces causing transverse erratic movements of locomotives, 65.
—TForces essentially required in locomotives, 66.—Description of the indicator
diagrams illustrative of the working of the * Great Britain ' locomotive, 66 et seg.
—Definition and enumeration of the disturbing forces of locomotives, 67.—
Detailed account of the nature and origin of the forces, accumulated in the
piston, piston-rod, and crenk pin, 68.—Variation in the tractive force developed
through one stroke of either piston, 70.—Variation in the amount of the entire
tractive force of the engine throughout an entire revolution of the driving wheel,
70.—Comparative merits of the double-cylinder and single-cylinder locomotive,
as far as regards uniformity of motion, 72.—8inuous motion produced in modern
locomotives, 72.—Disturbing action of the steam in the double-cylinder engine,
78.—Tendency to sinuous motion produced by all the disturbing forces, and the
effect on the permanent way, 78.—Cause of the jarring and vibration of the
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oarriages and of engines leaving the rails, 74.—Practical remedy to be obtnined
by the adoption of balanced single-cylinder engines, 75.— Resistance to be over-
come in starting the double-cylinder and single-cylinder engine, 76.—The single-
cylinder engine recommended for adoption, 78.

Lovegrove, J., remarks as to the means for cleansing the sewers at Dundee, and
the needless expense incurred in comstruction, 301.—Ditto as to the escape of
noxious gases through untrapped and imperfect gullies, 302.—Ditto as to the
course of the dmft in sewers, 302.—Ditto as to & vertical inspection-shaft to faci-
litate the cleansing and ventilation of small sewers, and as to a form of gnily
trap, 808.

Lovell, T., elected member, 65.

Lbwinger, C., elcoted associate, 451.

Makinson, A. W, on some of the internal disturbing foroes of Locomotive Engines,
65.—Formula showing the relation between the pressure on the pistom, as ob-
served by the indicator, and the equivalent preesure at the crank pin of loco-
motives, 79.—Remarks as to disturbing foroes generated by the unbalanced
revolving masees, 80.—Ditto as to the method of finding the preesures, referred
to the orank pin, generated by the vis-inertim and varying velocity of the
reciprocating parts of & locomotive in motion, 81.—Ditto as to a plan for starting
@ single-cylinder locomotive engine, 83.—Ditto as to the sinuous motion pro-
duced in locomotives by the pressure of the steam only, 84, 106.—Ditto as to
the moving force increasing more rapidly than the velocity, 107.—Ditto as to a
theoretical demonstration of the lateral movement of the front of a locomotive,
107.—Ditto as to this movement exemplified in the case of the * Great Britain’
locomotive, and the poesibility of the engine leaving the rails from this cause.
108.—Ditto as to the effect of the varying tractive power of & locomotive, 109.
—Ditto as to violent oscillations often occurring at high speeds on & seemingly
perfect road, 110.

Mallet, R., remarks as to the advantages of a sound technical education for Engi-
neers, 38, et seq.— Ditto as to iron lattice bridges in Germany, 38.—Ditto as to
the freedom from accidents on German railways, 39.—Ditto as to the rapid exten-
gion of German industry, 89.—Ditto as to the rapid deterioration of timber
bridges in Amerioa, and the durability of European wooden bridges, 325.—
Ditto as to the River Nore viaduct, 825.—Ditto as to the weight per square
foot of a crowd of men, as ascertained at Buckingham Palace, 532.

R. T, elected associate, 540.

Manby, C., Honorary Secretary, vote of thanks to, 112.

and Council Premiums, Stephenson and Miller prizes, and Telford and
Watt Medals awarded, Bession 1861-G2, 111, 120 180.—List of subjects for,
Session 1862-63, 182.

———J. L., memoir of, 629.

M'Clean, J. R., V. P., remarks, on the opening oftheeelmn.u to the deaths of
J. E. Errington and J. Walker, 1.—Ditto as to the difficulty of starting a train
with & single-cylinder engine, 83.

McMaster, B., on the woods used for sleepers on the Madras railway, 241.

Medals, Telford and Watt, Stephenson and Miller Prizes, and Council and Manby
Premiums awarded, Seassion 1861-62, 111, 120, 130.—List of sabjects for, Seasion
1862-68, 132 —Extract from Minutes of Council, ‘February 28rd, 1835, on the
principal subjects for, 187.

Medeiroa, Captain V. de, elected member, 540.

Memoirs of deceased members, 615.
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Merry, W., remarks as to the general principles to be discussed before entering
into the details of sewers, 207.—Ditto as to the difference of sewage in densely
populated and provincial towns, 298.

Miers, F. O, elected member, 336.

Miller, D., structures in the sea, without cofferdams; with a description of the
works of the new Albert Harbour at Greenock, 417.—Remarks as to the cost of
the pier at Greenock, and as to the consolidation of the concrete, 439.—Ditto as
to the concrete used in the Greenock sea pier, 448.—Ditto as to the dursbility
of béton in exposed situations, 448.—Ditto as to the system of casing adopted
in the Greenock pier, 449.—Ditto as to the stability of the Greenock sea pier,
449,

Minutes of Proceedings published during the past year, 121.

Mitchell, J., remarks as to the disintegration of concrete, 439.

Molesworth, G. L., remarks as to the disturbing forces of locomotive engines, 100.
—Ditto as to dificulties in starting a single-cylinder locomotive, 100.

. Moorsom, Captain W. B., remarks as to economy in the construction of railways,
particularly in laying out curves and gradients, 83.—Ditto as to the cost of
working the Lickey incline at different speeds, 34.—Ditto as to timber bridges
on reilways in Devonshire and Cornwall, 824.—Ditto as to the durability of
timber lattice bridges on the Birmingham and Gloucester railway, 824.—Ditto
a8 to lattice bridges being readily repaired, 825.

Mosse, J. R., American timber bridges, 805.

Naylor, W., remarks as to sinuous and oscillatory motions taking place in all
railway vehicles, 106.
Neill, W., elected member, 604.

Newman, G. W., remarks as to the ease and freedom with which Clark’s railway
telegraph signals are worked on the London and North Western Railway, 230.
Newton, J., remarks as to the relative gradients proper for main and tributary
sewers, 295.—Ditto as to street gullies, 295.—Ditto as to what size of sewer is
required to carry off a given depth of rain falling in a limited time at Preston,
295.—Ditto as to what velocity of flow of sewage prevents silting, 296.—Ditto
as to some of the sewers at Newport being larger than necessary, 297.—Ditto

as to the mortuary returns of Newport, 297.

Original communications received between June 30, 1861, and June 29, 1862, 139.
—Instructions as to preparing ditto, 138.

Ommsby, A. 8., elected member, 241.—Remarks as to the expense of the insurance
of the bridges on the Richmond and Petersburgh railway, 323.

Paddison, G., elected member, 836.

Parsey, W., elected associate, 336.

Parkes, W., remarks as to the want of theoretical kmowledge of the action of
hydraulic limes and cements under water, 446.—Ditto as to the construction of
the pier at Greenock, particularly in regard to the bonding, 447.—Ditto as to
the improvement of Kurrachee harbour, 488,

Peniston, W. M., public-works in Pernambuco, in the empire of Brazil, 885.—Re-
marks a8 to ditto, 409. :

Phipps, G. H., remarks as to the comparative rotatory power of single-cylinder and
double-cylinder engines, 97.—Ditto as to the strains on the main girders of the
Charing Cross bridge, 528.—Ditto as to the strains on the upper member of the

—am—
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main girders of the Charing Croes bridge when weighted, 535.— Ditto as to the
strain upon an iron arch under preasure, 571.—Ditto as to the skin resistance of
vensels, 508,

Pole, Profcasor W., remarks as to the use of iron in works of construction on Indtan
reilways, being for the saving of time, 55.— Ditto as to the apparent grester
transverse strength of palm-wood when compared with teak, 63.

Post, —, classification of timber bridges on the most haportant lines of railway in
the United States, 318.

Preece, W. H., on ruilway telegraphs, and the application of electricity to the
signalling and working of trains, 167.—Remarks as to ditto, and particularly as
to the varicty of systems in use, 193 et seq.—Ditto as to Mr. Tyer's system, 19¢.
—Ditto as to whethier the ¢ space’ system or the ¢ block’ system should be adopted,
194.—Ditto as to the superiority of the semaphore arrangement, 195.—Ditto as to
the telegmaph being chiefly valuable as an auxiliary agent, 232.—Ditto as to the
impracticability of the train-staff system, 232.—Ditto as to the superiority of
visusl signals to bell signals, 233.—Ditto as to the advantage of permanent
railway telegraph signals, 233.—Ditto as to the danger ariging from the inductive
effect of atmoepheric electricity on telegraph signalling instraments worked by
momentary currents, 234.—Ditto as to ditto exemplified in the case of the Great
North of Scotland railway, 234+.—Ditto as to the effect of earth currents on
ditto, 235.—Ditto as to temporary signals being interrupted by accidental and
artificial causes, as exemplified in the case of an accident near the Victoria
Btation, 235.—Ditto as to wrong signals by Tyer's instrument from pressing the

wrong button, 236.—Ditto as to the superiority of the semaphore system to the
needle system of railway telegraphing, 236.—Ditto as to the question of priarity
in the invention of the semaphore system, 237.

Premiums, Council and Manby, Telford and Watt Medals, and Stephenson and
Miller prizes awarded, Scssion 1861-62, 111, 120, 130.—List of subjects for,
Session 1862-63, 132,

Present of books from Mr. Burges, noticed in the Annual Report, 124.

Presents, catalogue of, received between June 30, 1861, and June 29, 1862, 141.

Prince, H., elected associate, 336.

Public Works in Pernambuco, in the empire of Brazil, 385.—Position and size of the
province, 385.—Appearance of the town of Recife or Pernambuco, 385.—Its -
harbour, 386.—Absence of quays and charge for lighterage, 886.—Tonnage of
foreign vesscls entering the harbour, 386.—The Pernambucana Steam Boat
Company, 386.—The Bao Francisco River, 386.—Vegetable productions and ex-
ports, 387.—Principal imports and duty charged on imports and exports, 387.—
The currency, 387.—Measures of weight, capacity, and length, 387.—Healthiness
of the climate, 388.—Meteorology, 388.—Rainfall, 389.—Winds, 389.—Geology,
389.—Water supply, 389.—Gas works, 390.—Contemplated drainage of Recife,
890.—Street paving and roads, 390.—Bridges, 391.—Road metalling, 391.—Cost
of roads, 391.—Bullock tracks, 391.—Traffic carried on by pack horses, 392.—
Bullock carts, 392.—Parallel drawn between the condition of Pernambuco and
England, 392.— Note as to the excellency of the roads at Rio Janeiro, 398 —
Railway scheme projected by, and concession granted to the Messrs. De Mornay,
393.—Original estimate and actual cost of the line, 393.— Government inspec-
tion, 393.—Character of the country traversed by the first portion of the Recife
and Sio Francisco railway, 394.—Construction of a tunnel, 394, —Earthworks,
895.—Iron bridges, 395.—Culverts, 395.—Fencing, 395.— Permanent way, 395.
—Stations and line arrangements, 396.—Rolling stock, 396.—Engine-shed and
repairing-shops, with list of tools, 397.—Dates of concessions and completion of
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the work, 398.—Working ayrangements carried out successfully under great diffi-
culties, 398.—Maintenance of the permanent way carried on by natives, 398.—
The labour question, 898.—Labourers and method of working, 899.—Artizans,
400.—Foreigners must be imported for the higher orders of work, 401.—Native
carpenters, 402.—Divers, 402.—Timber, 402.—Mode of prepering timber for the
warket, 403.—Woods for dyeing purposes and furniture, 403.—Stone, 404.—
Bricks, 40+.—Brazilian tile, 404 —8and available for ballast, 405, —Materials
required to be imported for public works, 405.—Authorities for statistics, 405.—
Btandard_dimensions of the Recife and 8ao Francisco railway, and of the prin-
cipal structures upon it, 406.—Table of the wages of the different classes of
labourers and artisans, 407.—Prices of materials, and of various kinds of work
and of transport, 407.—Actual cost per mile per annum of the maintenance of
the way and works of the Recife and Bao Francisco railway, 408.

Radford, G. K., elected member, 836.

Ruilway, description of the line and works of the Scinde, 451.—Importance of the
Indus Valley route poinied out by Sir C. Napier, and others, 451.— Inauguration
of railways in India, 452.—Schemes undertaken by the Scinde Railway Com-
pany, 452.—First section of the line between Kurrachee and Kotree, 452.—
Description of the town and port of Kurrachee, 453.—Table of the number of
vessels entering and clearing outwards, 453.—Articles of export and import, 453.
—Table showing the increase of the import and export trade, 454.—Increased
accommodation, 454.—Obstructions to commercial communication hitherto, 454.
—Administrative difficalties encountered in the commencement of the railway
works, 455.—Introduction of the piece-work system, 4567.—Average prices paid
for earth and rock work, 458.—Tuble of total quantities of different classes of
work, and average cost of each kind, 458.—Table of the rain-full, 459.—Rain-
fall at the end of July, 459.—Well-water more or less saline, 459.—Tables of
the results of the analyses of the water, 459, 460.—Geological and phyeical
features of the neighbourhood of Kurrachee, 461.—Earthquakes, 462.—T'able of
gradients of the railway between Kurrachee and Kotree, 462.—Table of curves,
463 —Earthworks executed for & single line of railway; bridges, culverts, &c.,
adapted for two lines, 463.——Permanent way, 463.—Timber used for sleepers,

- 468.—Deodar timber floated down the Indus, 463.—Respective oost of sleepers
of creosoted pine, Australian blue gum, Eyne, and Deodar, 464.—Value of
Deodar timber, 464.—Creosoted pine sleepers liable to split, 464.—Cost of creo-
soting and of Burnettising sleepers in India, 465.—Quality, cost, and weizht per
cubic foot of different kinds of timber used in Scinde, 465. - Fencing used on
the railway, 466.—Locomotive erecting and repairing shops at Kurrachee, 466.
—Native carpenters and smiths, 466.—European workmen and plan for keeping
up the supply, 467.—Electric telegraph, 467.—Train signalling stations, 468.—
Provision in the construction of the line over plains against damage by floods,
468.—Difficulty in obtaining pure water for the use of the locomotive eugines,
469.—Cost of the haulage of materials, 469.—List of the different-sized culverts
erected on the line, 470.—Detalls of culverts, 470.—Bridges, 470.—Viaduct
across the Bahrun River, 470.—Other viaducts with iron girders on Warren's
principle, 471.—The Mulleer viaduct, 471.—Defects of Warren’s girders, 471.—
Objections to the departmental syetem of executing works, 472.—General con-
siderations of the extension of railways in uncivilized countries, and the position
occupied by the European employé in regard to the natives, 473.—Details of
quantities and cost of the Bahrun viaduct, 475.

Railway system of Germany, the, 2.—Horse tramway first used, 3.—Development
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of the system, 4.—Mileage and local distribution, 5,—Proprietary, 5.—Associa-
tion of German railway directions for management, 6.—Gauge, gradients, and
curves, 7.—Instances of heavy gradients, 8.—Semmering railway, 9.—Descrip-
tion of enginies used for working the Semmering line, 11.—Embankments and
cuttings, 12.—Tunnels, 13.—Bridees of timber or cast-iron inadmissible, 13—
Goeltzsch Valley viaduet, 13.—Elser Valley viaduct, 14.—Neisse viaduct, 14
—Examples of bridges, 14.—Bridge over the Neckar, 14.—Gauthey's and Des-
jardin’s formula for bridge building compared with Perronet’s, 15.—Bridge at
Offenburg injudiciously constructed, 16.—Dirschau bridge, 17.—Marienbarg
bridge, 19.—~Cologne bridge, 20.—Kehl bridge, 21.—Lattice bridges on the
Eastern Railway of Bavaria, 22, —Permanent way, 23.—Table of dimensions
and weizht of rails, 23.—Method of impregnating sleepers with sulphate of
copper, 24.—Stune blocks formerly used for rail supports on the Taunus rail way,
24, —Space outside the ballast filled with earth, 25.—Fencing seldom used. 25.—
Rolling stock, 25.—Tests applied to locomotive engines, 25.—Table of break
power for dith rent gmdivnts, 26.—Rate of speed, 26.

Ruke, A. 8., clected associate, 241,

Rundall, Aldn, remarks as to sudden floods of the Thames about Oxford, being
cuused by increascd agricultural drainage, 855.—Ditto as to floods caused froz
the changing deposit of gravel and soil in the bed of the Thames, and sugges
tiuns for relief, 353.

Rapier, R. C,, elccted associate, 451.

Rawlinson, R., remarks as to the relative amount of sewage discharged from the
outlet sewers at Dundee in dry weather and during storms, 285.—Ditto as to the
necessity of the ventilution of sewers, and os to the flow of gases to the upper
and higher levels, 236.—Ditto as to the methiod of cleansing sewers proposed by
Mr. Fulton, rescrubling the system invented by R. Blades, 286.—Ditto as to the
impolicy of constructing scwcrs of a larger size than absolutely necessary, 286.—
Ditto as to the construction of a sewer in which the invert and sides consist of &
double ring of bricks and the crown of a single ring, 287.—Ditto asto his system
of ventilution, 287.—Ditto as to the use of &teps, flap valves, and ventilating
grates where the gradients are steep, and the sewers long, 287.—Ditto as to the
proper outlet of & sewer to a river having & low summer level and a high, or
flood level, as executed at Windsor Castle, 288.—Ditto as to the cast-iron invert
of the main outlet sewer at West Ham, where laid at the level of low water of
spring tides, 290.—Ditto as to sewer junctions, 290.—Ditto as to the former sizes
and cost of brick sewers executed at various places, 292.—Ditto as to leading
principles adopted by him for the construction of sewers, 292.—Ditto as to the
ill effect of ventilating openings leading direct into the sewer, as in the case of
the Metropolitan sewers, 292.—Ditto as to the impossibility of scamping the
work in a straight sewer with a true gradient, 293.—Ditto as to pipe drains
becoming choked up when brought into a sewer with level inverts, 2983.—Ditto as
to the débris discharged at the outlets of the Birmingham sewers, 298.—Ditto as
to the main sewer at Carlisle, not requiring hand-cleansing, aithough often
flooded, from attention being paid to the flushing apparatus at the manholes,
293.—Ditto as to the injurions effects of allowing sewage to foul rivers, and as
to the land being the proper receptacle of soil refuse, 294.—Ditto as to the results
of the analysis of sower water from different places being generally the same,
298.—Ditto as to the sewerage of Alnwick and Worksop, 298.

Rendel, G. W., elected member, 451.

8., M.A., elected associate, 336.

Report, Annual, read and ordered to be printed, 111.—Principeal papers read during
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the Sesaion, 113.—Notice of the works at the Sulina mouth of the Danube, 114,
—The sea dykes of Schleswig and Holstein, and on reclaiming land from the
ses, 115.—The system of * warping,’ 115.—Works at the port of Swansea, 116,—
Hydraulic apparatus for opening and closing the gates of locks, &c., 116.—Break-

water at Blyth, 116.—Works at Silloth, 117.—Discharge from underdmna.ge, and
its effects on arterial channels and outfalls, 117.—Advantages of a port at the
head of the Mutla, 117.—Form and materials for iron-plated ships, 118.—Rail-
way accidents, their causes and classification, 118.—Railway accidents from an
engincering point of view not yet fully discussed, 119.—Malta and Alexandria
submarine cable, 119.—Electrical tests employed during the comstruction of
ditto, 119.—List of Telford and Watt Medals, Council and Manby premiums of )
books, and Stephenson and Miller prizes awarded, 120.—Premiums in money
awarded for the first time, 121.—Minutes of proceedings published, 121.—Annual
dinner revived, 121.—Establishment of relations with foreign Engineers, 121.—
Tabular statement of the transfers, elections, deceases, and resignations of
members of all classes, during the years 1860-61 and 1861-62, 122.—Ditto of the
annusl increase of Members and Associates for the past six years, 122.—Notice of
the decease of Mr. Errington, 123.—Mr. Errington's bequest to the Institution,
123.—Notice of the decease of Mr. Walker, 128.—Donation from Mr, Burges of
twenty-five copies of Telford's ¢ Life and Works,' 124.—8Statement of the arrears
of subscriptions for 1862, and for 1860 and 1861, 124.—Remarks as to the
abstract of receipts and expenditure, and as to the financial position of the Insti-
tution, 124.—Ditto as to the balloting list for Members of Council, 126.—
Abstract of receipts and expenditure from the 1st December, 1861, to the
30th November, 1862, 128.

Resolution to adjourn on account of the marriage of H.R.H. the Prince of Wales, 370.

over Easter Tuesday, 450.

‘Whit Tuesday, 614.

Reynolds, E., remarks as to the sinuous motion in logomotive engines arising from
the movement of the parts, and as to the satisfactory results of balance
weights, 104.

Roberts, L. R., elected associate, 241.

Robertson, A. J., remarksas to the resistance per square foot of midship section of
the ¢ Connaught,’ steam-vessel, 600.

Rumball, A., elected associate, 451.

Rassell, J. Scott, remarks as to the readiness of German Engmeers in adopting
improvements, 85.—Ditto as to the earthworks, permanent way, and rolling
stock on German railways, 36.—Ditto as to the want of accommodation, the
great cost and slow speed of travelling, on German railways, 36.—Ditto as to the
spread of the buttresses in the bridge aqueduct of Roquefavour and the Hownes
Gill viaduet, 56.—Ditto as to the difference between endogenous and exogenous
trecs, 62.—Ditto a8 to the extent of the oscillations produced by the disturbing
farces of locomotive engines, 92.—Ditto as to the Charing Cross bridge, 530.—
Ditto as to the advantages of continuous girders, 531.—Ditto as to the strains on
the top and bottom members of the main girders of the Charing Cross bridge,
534,—Ditto as to the performance of the vessels on the postal service between
Holyhead and Kingstown, 596.—Ditto as to their displacement, 596.—Ditto as
to the skin resistance of vesscls, 601.—Ditto as to the condition of the ribbon of
water surrounding s vessel when moving fast, 602.—Ditto as to H.P. per foot of
midship section of a vessel for the purposes of comparison, 602.

8ale, T. H., Col. B.E., remarks as to the durability of Indian woods, 259.
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Gamuds, J. D’A., remarks as to the steam-ship * Leinster' on her trial trip, 5%.

KRamuelson, M., elected member, 65.

Boott, A.. remarks as to the ‘block * system of train signalling not being univerally
suitable for working the traffic, 211.—Ditto as .to the ingenuity devoted to the
spplication of the electric telegraph for railway purposes, 212.

Bewcmge and drainage works of Newport, Monmouthshire, description of the, %3
—Physical and grolozical features of the locality, 273.—Public works, and rie
and full of the tide, 273.—Waterworks, 278.—Drinage before the constroctn
of the sewers, 274.—Plan of sewerage and drainage carried out, 274.—Amuny
ment for fiushing the lower part of the sewers, 275.—General plan of sewns
275.—Great rise of the tide ncutralizes the ill effects that might be expected
from the numerous outlets into the river, 275.—Description of the ouﬂet!mi
outlet valves, 276.—Objections to the use of pipe sewers and the compantit:
©ost of brick sewers and pipe sewers, 276.—Table showing the sizes, thickues,
and cost of the Newport sewers, 278.—Details of the brickwork, 278 —Difficultis
attending the execution of the works from the character of the subsoils, the -
ference of buildings, und accidental causes, 279.— Ventilators combined with m-
holes, 280.—Junction pipes for house drainage, 281.—Gully grates and ces fx
street drainage, 282.—Coet of the works, 282.—Subsequent works, 282.—Reps
of the old sewers, 263.—Improved sanatory condition of Newport, 283. .

Bheilds, F. W., remarks as to the small cost of labour for constructing milwassc
Prussia, 40.—Ditto as to lattice girders, 41.—Ditto as to the superior advanis®
of iron structures for large bridges, 54, et seq.—Ditto as to the es@!lm
of Australian timber, 238 —Ditto as to the framing of American fimber bid*
and the relative cost of timber and wrought-iron bridges, 823 —Dittoasto
expediency of sending out prepared English materials for erection in Bnﬂl"t
—Ditto as to the ravages of the white ant in Brazil, 415.—Dittoas to te™¢
iron-work in hot and moist climates, 415, —Ditto as to the mpcriol'it!“m'
Iand to Roman cement, 443—Ditto as to the girders of the Charing ™
bridge, 532 —Ditto as to the weight that can be put on London clay, 8-
Ditto as to the object of the bracing in girder bridges, 572. .

Sinclair, R., remarks as to balance weights for correcting the irregularity of ko
in locomotives, 98. —Ditto as to single-cylinder engines, 99.

Sleepers, on the woods used for, on the Madras railway, 241.—Question whether
the resources of India can supply the demand for the substructure of the pr
manent way, 241.—Rapid decay of sleepers when cut from young trees &
woods unfit for the purpose, 241.—Arrangement of the sleepers on the Had*
railway, 242.—Tabular statement of the Tamil and botsnical names of 12
woods, and the state of the sleepers at the end of the second year, 243"'&'1:_]

proportion found to be sound at the end of that period, 243.—Advantage e

ing from the system of leaving the sleepers as much as poesible unco l; "

—Proportion of sleepers split and decayed in uncovered and covered ballsh

244.—Keys and trenails rapidly decay when in contact with ballast, 24— -

does not twist and buckle when not buried in baliast, 24-!.——Tl‘8“‘ﬂ“°dk:;e

of excellent quality obtainable, 244.—Tamil and botanical nsmes of t:;“

woods that would muke good sleepers, to be used plain, 245.—Slcepers g H;Z

begin to rot under the chairs, and probable cause thereof, 245.—5e8S of

chuirs in the sleepers should be tarred, 246.—Sleepers of sapwood alway® decsy
before the expiration of a year, 246.—Account of the means used ¥ wt?,m‘

supply of sleepers from the jungles, 246.—Contract system found to fudl, #47-

Experience gained of the woods suitable for sleepers, 247.—Railwsy (;ompﬂ"‘

in India can procure good sleepers by sending their own agents into the jmg®
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to cut them, 248.—English ereosoted sleepers guccessfully resist the influences of
the Indian climate, 249.—SBleepers of common light native woods if creosoted
would probably be as durable as any others, 249.—Resources of the courtry
likely to prove sufficient to meet the demand, 250.—Calculation of the supply
that could be obtained from the Madras forests, 251.—Analysis of 246.000
sleepers cut in the Selem junglesin the year 1858—59, 251.—Argument in favour
of preparing the sleepers by creosoting or otherwise, 251.—Estimate of the cost
of one mile of single line of four different kinds of permanent way in the Madras
presidency, 252.—Comparison in favour of native creosoted sleepers, 252.—Pot
sleepers liable to breakage, 258.—All native woods which will not last plain
should be creosoted or otherwise prepared, 253.—Difficulty in obtaining the
results of the experience of Engineers in India, 253.—Extract from ¢ The Times’
confirmatory of the statements in the foregoing paper, 254.

Smart, F. A., elected associate, 65.

Smith, G., Junior, elected member, 604.

Smith, T. M., appointed one of the scrutineers of the ballot for Oouncil, 111.—Vote
of thanks to, 112,

Stiffe, A. W, elected associate, 604.

Strong, J. F., elected member, 65.

Structures in the sea, without cofferdams; with a description of the works of the
new Albert Harbour, at Greenock, 417.—Novel method of construction intro-
duced of late years, 417.— Objections to the several methods of founding works
in deep water asat present practised, 417.—Quay walls built on piling carried up
to the level of low water have given way at Glasgow, from the decay of the piles,
418.—Great expense and frequent danger in the construction of cofferdams, 418.
—Bystem of building by diving-bells very costly, 418.—Vicat's system of found-
ing piers of bridges without cofferdams, 418.—Modification of ditto in the con-
struction of the Westminster and Chelsea bridges, 419.—Reintroduction of the
use of concrete by the French Engineers, 419.—Modes in which concrete may
be applied for constructive purposes, as illustrated in the works at the Vic-
toria (London) Docks, Dover Breakwater, Spithead Forts, and the Graving
Docks at Toulon, 419.—Facilities for making béton or hydraulic concrete, 420.
—Hydraulic limes, and the proportions of some of the concretes made from
them, 420.—Smeaton's and Vicat's discovery of the mode of composing artificial
hydraulic limes, 421.—Portland cement, 421.—Hydraulic properties of pozzuolana
due to the presence of silicate of alumina, 421.—Mole at Genoa, constructed,
under water, of pozzuolana thrown into the sea, 421.—Mole at Algiers, 422.—
Applications of béton by French engineers, for the construction of bridges and
harbour works, 422.—Attention required in the manipulation of hydraulic con-
crete, 422.— Cofferdams or diving apparatus hitherto principally used for found-
ing and constructing works in deep water, 423.—Destructive action of “teredo
navalis’ on timber, and the corrosive action of sea water on iron prevent these
materials being employed in sea works, where durability is essential, 423.—Ex-
isting docks at Greenock, 423.—Wet docks proposed by Rennie, Telford, and
Walker and Burges, 423.—General description of the Albert Harbour and pro-
posed future works, 423.—Estimated cost for a cofferdam fur proposed new pier
424.—Design for a stone and concrete pier constructed without a cofferdam, 424
—Btone facing of grenite, 425.—Cast-iron guide piles for placing the ston
facing, 425.—Introduction of hydraulic concrete for the base of the wall, and
detailed account of the construction of the pier, 425.—The hydraulic lime, 426.
—Plan to preserve the cast-iron piling, 426.—Pier will serve as a cofferdam for
the harbour, 426.—Cost of the sea pier, 427.—The concrete, 427.—Proposed
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increase in the area of the Albert Harbour, 427.—Different modes of forming tte
stone cusing in constructing quay walls on the foregoing principles, 427.—Fu-
poses to which this system of founding marine structures is applicable, 422—
Applicability of the system to the construction of breakwaters, 428.—Variou
plans discusted by a Belect Committee of the House of Lordas for diminishine tie
oust of breakwatrs, 423.—Tho * pierre perdue” or * long slope’® system of forn-
ing breakwaters, 429.—The * vertical system,’ 429.—Intermediate system, 29—
Buperiority of the * yertical wall® to the ¢ Jong slope® breakwater, 429 —Disturb-
ing action of the sea does not extend below 15 feet under low-water mark. zs
shown from scctions of * picrre perdue’ breakwaters, 430.—Method of eonstruct:
ing * pierre penlue * breakwaters as carried out at Holyhead and Portland, 431
— French method of construeting * pivrre perdue’ breakwaters, 431 —Costliness f
the * long slope * and * vertical * systems of breakwaters as at present carried ocl.
431.—Proposed plan for constructing breakwaters, 432.—Principal features d
ditto consist in a framework of iron piles for binding together a stone facing encles
ing a heurting of concrete, 432.—Mode of executing the work, 432 —Occasionsi
cffect of the waves compressing the air in the joints of the masonry, and its afis
expansion, 433.—Great solidity of the work, 438.—Cost of such a structure, 18-
Tuble of estimates, 434.—Blocks of béton may be used in the place of stone, #4.
—Eocomomy in this system of construction, 434.—Danger to timber staging fr2
its buoyancy, 435.—Advantage in the great speed with which such a breakwah!
may be constructed, 435. —Estimate of the cost of such a breakwater at Dﬂfa-
435.—Objcctions to the method of making breakwaters and piers of timber fram:s
and casing, confining a mass of rubble, 435.—Timber may be substituted for te
cast-iron standards, 436.—Application to the foundations of marine fortifiat®
426.— Consideration of the advantages that may be fairly claimed for the p-
p\)scd system, 437.
Subscriptious, arrears of, statement of the, for 1862, and for 1860 and 1861, 134
Sutherland, D. 8, elected associate, 336.

Tabular statement of the tranafers, elections, deceases, and resignations of menben
of all classes, during the years 186061 and 1861-62, 122.

Taunton, J. H., rcmarks as to the supply of water from the springs of Thaze!
Head, 357.—Ditto as to the drainage area and volume of water yielded h,:the
Thames Head springs, 8will Brook, Churn, Coln, and South Ampney ’Pr_mg&
857.—Ditto as to the average flow of the River Thames at Wolvem‘_"r 3“8:(
Ditto as to the millowners baving practically the command of the navigstis
the Thames, 358.

Taylor, J., remarks as to the loss of water in the River Chura by percolation through

the bed of the river, and the fish and mill ponds upon it, 359.—Ditto 88 to e
geological character of the River Churn, 359,
Taylor, J., elected member, 65. ad
g

Telegraphs, on railway, and the application of electricity to the signalli® e
working of trains, 167.—Many railway accidents due to the absencd 0{l
electric telegraph, 167.—Accident in the Clayton tunnel due to inefficient t€'
graphic regulutions, 167.—Collision in the Tottenham tunnel pmvenwd by 'lhe
use of the telegraph, 168.—Accidents at the Sioke tunnel preventible by‘*"-
graphic means, 169.—Localities where the adoption of the telegraph fr ®! ”
ling trains is essential, 169.—Chicf advantage of the electrio telogrspd
auxiliary character, 169.—Cost trifling in respect of the advantages 1
—Question of maintaining trains at certain intervals of time or space 10—2¢
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scription of Cooke's system, now called the ‘block’ system, 171.—Ditto, first
established on the Eastern Counties line between Norwich and Yarmouth, 172.—
Inefficiency of the single-needle speaking instrument for working trains through
. long tunnels, 172.—Cooke’s system, improved by Clark, in use on the London and
North Western line, 173.—Faults of this system, 174.—A.ccident at Wolverton,
174.—Superiority of the time system to the block system, 175.—Inferior system
used on the Great Northern railway, 175.—The needle telegraph used as a medium
of conversation, and an accident thereby avoided at Roade, 176.—Description of
Bartholomew's and of Tyer's systems, 177.—C. V. Walker's system of signalling
by bells alone, 179.—Regnanult's system used in France inferior to those adopted
in England, 179.—German system of bell-ringing impracticable in England, 180.—
Want of distinctions in the opposite indications in the above systems, and improve-
ments introduced by Highton, and by Spagnoletti on the Metropolitan railway,
180.—An electric signalling instrument for all practical purposes a distant signal
worked by electricity, 181.—Preece’s system an exact counterpart, on a small
scale, of the signals used on the line, 181.—Description of semaphore worked by
electricity, 183.—Resemblance to the ‘block ' system, 184.—Method of working,
184.—Ditto, as used on the London and South Western railway, 184.—Comparison
of the London and North Western, Mr. Tyer’s, and the Loudon and South Western
systems, 184.— Mr. E. Clark’s remarks as to improvements in the London and
North Western Railway Company’s system, 185.—Needle system liable to de-
rangement by lightning, 185.—Faults of Tyer's system, 185.—Its inferiority to
tho needle and semaphoro systems, 186.—Self-acting mechanical arrangements
impracticable, 186.—Application of the telegraph to the working of single lines,
187.—Collision on the Shrewsbury and Hereford railway from an inaccurate
message, 188,—System employed on the London and South Western railway,
188.— Accident near Rainham from delay in sending & message, 189.—* Block’
system in use in the west of England, 189.—Advantages of record books, 189.—
American system similar to the London and South Western, 190.—Single line
of railway may be worked with perfect security by telegraph, 190.—Telegraph
held in low estimation on most railways, 191.—Captain Tyler's remarks thereon,
191.—The telegraph a source of danger when indiscriminately used, 191.

Telford and Watt medals, Stephenson and Miller prizes, and Council and Manby
premiums awarded, Session 1861-62, 111, 120, 130.—List of subjects for, Session
1862-63, 132.

Thames, the perennial and flood waters of the Upper, 336.— Comprised in the
oolite series, 836.—The Thames from its source to its junction with the Thames
stream, 336.—Flows over a clay bed, while its tributaries flow from oolitic sources
in the north, and from chalk hills in the south, 387.—Tho Swill Brook, 337.—
The Churn, 887.—The Ray, 338.—The Coln, 338.—The Cole, 338.—The Leach,
838.—The Windrush, 838.—The Evenlode, 338.—The Glyme, 389.—The Cher-
well, 839.—The Ray, 339.—The Ock, 389.—The Thames, 340.—Geological cou-
dition of the source of the river Thames, 340.—Effect of pumping operations to
supply the Thames and Severn Canal shown in the diminution of the water at
the source, 341.—Cause of the deviations to which the bed of the river is liable,
841.—Mills on the river and its tributaries, 342.—Deficiency of gaugings of the
tributaries, and difficulties that beset the gauging of the main stream, 342.—Re-
sult of gaugings of the flow of the Thames at Wolvercot, 343.—Ditto at Wol-
vercot and Clifden Hampden after heavy rain in January, 1868, 844.—Tabular
comparison of floods, 345.—Deplorable state of the navigation between Lechlade
and Oxford, 845.—Injurious effects of flashes, 346.— Improved state of the river
below Oxford, 346.—Geological conditions that account for the large body of
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fiood water thrown into the Thames, 347.—Principal floods of the Thames. 347—
Detailed secount of the floods of March to May, 1862, with statement of thenir-
full and the dute of maximum flood at various pointa, 347 ef seq.—Actionof land
drainage on flood water, 350.—Ditto on perennial waters, 350.—Improvements
recently carried out 1o effect the better drainage of the meadows bordering the
river, 331.

Thorburn, T. C.. remarks as to the ventilation of sewers, and as to the fiushing of
the sewers at Derby, 284.—Ditto as to the use of stoneware pipes for drainsge
purposes, 283,

Timber of the Palmyra Palm, on the use of the, in the construction of bridges &
—But little other timber in southern India and Ceylon, 58.—Used for bridgesd
the northern part of Ceylon, 58.—Gencral description, 59.—Beams for rosdway
bearcrs, 59.—Durability of the bridges, 60.—Tabular statement of the cost o 3
bridge of Pulmyra timber, 61.—Practical value of Palmyrs titber from jts grat
cheapnesa, 61,

Towle, J, remarks as to the continuous floods round Oxford, being caused tys!
embankment thrown across the upper Thames valley at the gorge at Sandford
and.

Townserd, T. C., elected member, 451.

Tuck, J. H., elected associate, 604.

Tunuels, description of the Lydgate apd of the Buckhorn Weston railwsy, 571~
Paucity of information of a practical character on the suhject of tunnels sil-
Length of milway tunnels open, and their cost, 371.—Small number of tuoeeli
hitherto described, 871.—Geological features of the Lydgate tunnel, ®
Oldham branch of the London and North Western railway, g72.—Lengted
the different strata cut through, 872.—Shafts and measures for securing '"“z.'
tion, 372.—Description of the shafts, 878.—Table of the depths ami ™
sinking of the shafts, 373.—Table showing the lengths mined from the
shafts, 374.—Process of excavation and timbering from top heading mt;
Advantages of the common mode of sinking shafts and multiplying the 1™
of facce, 374.—Disadvantages of & bottom heading, 874, Lengths mived X
lining with masonry, and prices paid to the miners, 375.—Centering ¥~
Masonry used for building the side walls and arch, with statement of pn@i-
375.—Mortar, 376.—Course pursued when much weight was shows
Importance of preventing any motion in the ground, 376.—Table ehowing
variation in the thickness of the masonry, 876.—Account of the tunnel 88>
pleted, 376.—Contract price, 377.—Geological features of the Buckborn ¥
tunnel on the Salisbury and Yeovil railway, 377.—Vein of water remedicd
driving & heading sbove the tunne] and draining it away by 8 pipé 3”",
Failure of a bottom heading on the west side from the bulging of the cl#y: g
Description and cost of the shafts, 377.—Table showing the lengths mived
tho different shafts, 378.—Method of mining pursued, lengths mined 0°
lining with masonry, and cost of mining, 878.—Bars and centres, g78.—E
thickness of masonry required on sccount of the pressure of water, 3_73"'21_
stitute for sharp sand for making mortar, 878.—Precautions for preventing " 'n
ment, 379.—Water conveyed away in pipes, 879.—Table showing the “"“‘;079
in the thickness of the masonry, 379.—Accoant of the tunnel as come
—Tabular statement of the total cost of the tunnel, 380. L

Tyer, E., remarks as to his system of train-signalling, 196, 198.—Ditto & ’s
Mr. Preece’s paper on railway telegraphs, 196.—Ditto as to Mr. C. V. W‘m(he
system in operation on the South Eastern railway, 196.—Ditto 88 to b
semaphore electric telograph for train signals, having been invented !
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Mr. Walker, 197.—Ditto as to diso signals, 197.—Ditto in reply to objections
raised against Lis instruments, 199.—Ditto as to the effects of atmospheric
electricity on the wires, 199.—Ditto as the expediency of only one line wire, 200.
—Ditto as to the instruments being kept under lock and key, 200.—Ditto as to
electric signalling being a great auxiliary to the efficient working of a railway
where trains are unpunctual to time, 201.—Ditto as to Col. Yolland's report of
an aoccident on the Greenwich railway, 201.—Ditto as to the resemblance be-
tween the needle system and the semaphore system, 202.—Ditto as to the proper
evidence of efficiency of instruments, 202.

Tyler, H. W., Capt. R.E,, remarks as to the *train-staff’ answering admirably in
working single lines of railway in England and Ireland, 225.—Ditto as to
working double lincs of railway by telegraph, 225,

Viaduct, Hownes Gill, on the Stockton and Darlington railway, the, 44.—Descrip-
tion of the Hownes Gill, 44.—Traffic originally carried on in wagons over
inclines, 44.—Original estimates for a viaduct, 45.—Description of the viaduct
as finally carried out, 45 & seq.—Method of securing a firm foundation for the
piers, 46.—Dimensions of the viaduct, 46.—Plan for diminishing vibration, 47.
—The bricks used in construction, 47.—Tabular statement of the cost of the
structure, 48.—Question of the relative cost of brick and iron viaducts, exem-
plified in the case of the Hownes Gill, compared with the Deepdale and the
Beelah viaducts, 49.—Choice of materials, for the construction of viaducts,
dependent on local and other circumstances, 50.—Estimates of the cost of a stone
and of an iron viaduot at Hownes Gill, 51.

Viaducts, on the reconstruction of the Dinting and the Mottram, 827.—Considera-
tions in ‘favour of wrought-iron girder bridges where great width and span is
required, 827.—Probability of the future use of steel for large bridges, 327.—
Description of the vinduots as constructed of wood by the late Mr. Joseph
Locke, 328.—Temporarily repaired by Mr. Jee, 328.—Description of the restored
portion of the viaducts, 830.—No interruption to traffic during the progress of
reconstruction, 330.—Suspension of the girders, 381.—Description of the appa-
ratus for raising and lowering the girders, and account of the reconstruction of the
viaducts, 332,

Vignoles, C., remarks as to the railway system of Germany, 27.—Ditto as to the
perfection of German railway statistics, 28—Ditto as to the comparative cost of
railways in Germany and Great Britain, 29.—Ditto as to the failure of turned
double-hended rails, 30.—Ditto as to imperfections in the permanent way causing
oscillations in locomotivee, 100.—Ditto as to duplicate locomotive engines for the
Tudela and Bilbao railway, 613. ’

Waddington, J., elected associate, 65. .

Walker, C. V., remarks as to the system of telegraph signalling in operation on
the South Eastern railway, 203.— Ditto as to the origin of the bell-signal system,
203.—Ditto as to the rise, progress, and cost of the bell-system on the Bouth
Eastern railway, 204.—Ditto as to the bell-signuls being almost universally
applicuble, with instances, 205.—Ditto as to the arrangement of bells with
balanced currents, 206.—Ditto as to the working of ditto, 207.—Ditto as to
his form of semaphore, 208.— Ditto as to the superiority of the bell-system to
the index system, 208.—Ditto us to the efficient working of the bell-system of
signalling, 209.—Ditto as to a contradiction in the semaphore systems, 209.—
Ditto as to the large amount of traffic worked over the South Eustern railway by
the bell system, 210.

[1862-63. n.s.] 2x
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Walker, J., Past-President, obituary motice of, by Mr. M‘Clean, V.P,, at the
opening of the Session, 1.—Memoir of, 630.

. J. (Madras railway), remarks as to the native woods of Madras being
generally unfit for milway aleepers, 256.—Ditto as to the difficulty of thoroughly
creosoting timber, 257.

Warden, W. M., elected associate, 336.

Watson, W., on the communication between London and Dublin, 574.—Remarks
as to the course pursued with regard to the plan of vessels for the improved
servioe beween Kingstown and Holyhead, 597.—Ditto a8 to the cause of M
doning the superheating apparatus, 597.—Ditto as to the length of fast-going
veasels, 602.—Ditto as to skin resistance of ditto, 602.

Watt and Telford Medals, Stephenson and Miller Prizes, and Council and Manby
preminms awarded, Seesion 1861-62, 111, 120, 130.—List of subjects for, Seasion
1862-63, 182.

Weallens, W., memoir of, 683.

Webb, E. B., remarks as to the destruction of a timber pile by * teredo’ in the bey
of Rio de Janeiro, 413.—Ditto as to the rapid decay of sleepers of native Brasilisa
timber, 413.—Ditto as to the use of iron for telegraph posts on the Dom Pedro
Begundo railway in Braxil, 414.

White, R. O., elected aseociate, 241. .

‘Whitfleld, J., remarks as to the great variety of timber in Brazil, some of which
ia durable, 415.—Ditto as to the durability of ironwork in hot climates, 416.

Williams, A., description of the sewerage and drainage works of Newport, Mor-
mouthshire, 273.—Remarks as to the relative cost of brick and pipe sewers
808.—Ditto as to the diminished percentage of deaths in Nuwport consequent
on the carrying out of the drainage works, 808.

Wilson, G., elected associate, 167.

, H., elected associate, 241.

, W, elected associate, 604.

Withers, J., notice of the decease of, 640. .

Wood, J. T., remarks as to the probeble effect of the Recife and Sso Franci®
railway in developing the trafic of & country where land is of small val®
and labour scarce, 412.—Ditto as to the labour question and the e
the railway system in Pernambuco, 412,

Wright, J., remarks as to the use of concrete in large masses under water, 45—
Ditto as to the concrete sea-walls at Brighton, 446.

END OF VOL. XXII.
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