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Mr. PrEECE, in reply, observed, that he thought there could
scarcely be any difference of opinion as to the necessity of the
Paper. The discussion had been very full and free, and an amount
of information had been gathered, which might not otherwise have
been obtained. He regretted the narrow views which had cha-
racterised some of the speakers, who appeared to be so impressed
with the importance of their own systems, as to ignore the general

uestions tgzt had been raised. If-he had failed to place

r. Tyer’s and the needle systems in the foremost rank, he had

iven reasons for not doing 8o ; and if he had not considered the
uth-Eastern bell-system as the best, it was because he be-
lieved it to be the worst. When the Paper was perused di
sionately and quietly, he was convinced it would be found, that he
had described, fairly and correctly; every system referred to.

He would now take a broad view of the subject, aud would deal
rather in generalities than in particularities. The first great ques-
tion that arose out of the Paper was, the advantage of the general
adoption of the telegraph in the working of railways. He was
gratified to find, most of the railway managers who had spoken
confirmed the opinion, that the telegraph was chiefly valuable as
an auxiliary agent, and that its use should never be resorted to,
until experience had shown its employment to be imperative.
Mr. Eborall alone had advocated the adoption of the block’

stem. Mr. Preece believed that this subject had not been
thoroughly considered, nor had Railway Companies arrived at any
definite conclusions, as to the point of demarcation, where it was
necessary to abandon the ‘time’ system and to seek the aid of
electrical signals. The South-Eastern Railway Company used the

block ’ system on their branches, where trains were few and far
between ; while a contiguous railway, the South-Western, con-
tinued to work the traffic on a very busy portion of their line (the
Richmond branch) without the aid of the telegraph. The London
and North-Western Company worked the length between London
and Rugby b{ the aid of the telegraph, while between Manchester
and Liverpool, where the trains were much more frequent, there
was no electrical signalling system at all.

But it was upon single lines that the adoption of the telegraph was
most urgently needed, and on this point he regretted to be at vari-
ance with Captain Huish, who advocated the use of the train-staff, to
the exclusion of the telegraph. Captain Huish preferred delay, to
the probability of accident from mistakes in messages. Captain
Tyler had also supported the train-staff system, but Mr. Hewans
had pointed out its failure on the Irish lines. The experience of
the staff on the South-Western Railway was by no means in its
favour. It frequently happened on the Epsom and Leatherhead line,
that a man had to be sent on horseback, or by carriage to the other
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end of the line to obtain the staff. Wherever human agency
was employed, there was always a liability to error; and it had
even happened that an engine-driver had left without the staff.
The telegraph was unquestionably liable to mistakes, but by the
system employed on the South-Western Railway, it required three
different persons to make three similar mistakes before any chance
of accident could occur. The train-staff system might be very good
in theory, but experience, which after all was the true test of theory,
had shown it to be impracticable. The Board of Trade had issued
a code of instructions, prepared with considerable care, for the
use of the train-staff; gut uo such regulations had ever been
circulated for the proper working of the electric telegraph. -

Having thus determined that, in certain localities and under
certain circumstances, a system of electrical signalling was essential,
the question arose, as to whether that telegraph was to be de-
pendent upon the organs of sight, or upon those of sound. It
seemed scarcely necessary to those who were in the habit of using ap-
parent signals, to argue this question ; but when the South-Eastern,
the London, Chatham, and Dover, and the North-Eastern Railway
Companies employed bells, it was essential to inquire into the
matter. Now the only argument advanced against the use of
visual signals was that adduced by Mr. Walker, who contended
that the deflection of a needle contained a contradiction in itself ;
as in reply to the question, ¢ May I send a train 2’ it said, ¢ Yes,

ou may not’ Nothing could be more absurd than this. The
owering of a semaphore was not a contradiction, and every
engine driver who whistled down a signal considered it to be an
intimation that he might proceed ; and the deflection of a needle
was taken to imply, ¢ Yes, train may proceed ; line is clear;
and could not possibly be misintelgrebed, as had been suggested.
Mr. Walker himself had been o

indexes upon his recent bells. Several facts were instanced,
exemplifying the confusion arising from the constant repetition of
the same sounds, and he thought that a signalman in a small
hut, surrounded by bells continually ringing, would be likely to
get confused, and to neglect his duty. The London, Chatham,
and Dover Railway required twelve beats of the bells to signify
¢all clear, and ten to indicate ‘danger.” Such elaboration and
repetition might conduce to safety, but only at the expense of
simplicity. He contended that the weight of the evidence was
in favour of visual as against aural signals.

The next point to be determined related to the advantage of
producing these visible signals, either in a permanent, or in a
transitory manner. As the use of transitory signals necessitated
the employment of record books, he believed them to be disadvan-
tageous, inasmuch as record books could never be trusted. Captain

liged to resort to the use of -
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Tyler remarked, in his report upon the collision between two
trains near the Victoria (Pimlico) station “These entries [in the
record book] would, if they were to be relied upon, confirm in a
satisfactory manmer the evidence.”! Record books were un-
doubtedly useful, but they should be avoided as much as possible.
Distant signals required no such entries, and electrical signals
were nothing mor:e‘bmn distant signals. Mr. Culley had instanced
a case where the signalmen themselves had resorted to an ex
dient to obtain this permanent effect ; and as experience had thus
shown its utility, practice should confirm its necessity.

To determine the question, whether these permanent signals
should be obtained by the use of continuous, or by momentary
currents of electricity, it was necessary to refer to various natural
and artificial phenomena which disturbed the correct working of
telegraphic circuits. "The first and ?reatest enemy to be contended
with was the effect of atmospheric electricity. A flash of lightning
might itself directly enter the wires, and completely destroy any
telegraph instrument through which it E:ﬁeed; and in this respect
every instrument which had been described suffered alike. But its
 most uent effect was one resulting from the inductive action
of a cloud ¢ with electricity, which might be passing at a
distance even of several miles. Such inductive effect invariably
took the form of a current, at one time so strong as to reverse
the magnetism of the needles it traversed, at another abstracting
the magnetism out of the needles, and at other times actin%zimply
like an ordinary current, as though transmitted from a battery.
Such effects were comparatively harmless on the semaphore, were
easily remedied upon the needles, but were highly dangerous, as
giving false signals, on Mr. Tyer’s and other instruments worked

y momentary currents. The liability of Mr. Tyer’s instrument
to be affected by lightning had been denied ; but in a letter he
had received from an inspector who had made inquiries on a line
running out of London, it was said ‘that they were sometimes
aﬁ'ecteg by lightning.” Mr. Gilbert, the Telegraph Company’s
i tor on the Great North of Scotland Railway, also wrote
as follows, on the 21st November, 1862, in reference to Mr. Tyer’s
signal system :—

“ During the prevalence of lightning the permanent magnets sometimes
lose the whole of their magnetism, and sometimes only that of one pole.
In the former case the needles drop between the two poles of the mag-
nets, and are useless for any signalling purposes. In the latter,? the needles
adhere to the poles of the magnets in which magnetism exists, and if
shifted by the line current to the opposite pole, will not remain but fly

! Vide “ Reports of the Inspecting Officers,” &c., 1860. Page 89.

2 Mr. Gilbert is evidently in error in this. A magnet cannot be deprived of one
pole alone. The effect is due to residual maﬁsetmn,-a peculiarity of electro-
magnets alluded to by Mr. Fleeming Jenkin.—W. H. P.
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back. These defects are well known to the station agents, and
existing, theBy are guided by the beat of the bell or gong. Thus, if A has
a train for B, he gives two beats on B's bell, which is tantamount to the
question, ¢train waiting, can it come on?" If line clear, B returns one
beat on A’s bell, and at the same time directs his own and A’s needles
to ¢ train on line.” The beat of the bell is therefore a guide, in the event
of the needles being affected by lightning. 1f both bell and needles fail,
88 is sometimes the case, or any doubt exists, the trains are signalled by
needle teleﬁph. It rarely happens that the poles of the magnets are
reversed. flections, when strong, shift the needles and ring the bells,
icularly in the old make of instruments: In the new instruments this
ect is lessened, but still exists. The system is too complicated to
allow of any local remedy being applied, in any case of interruption; thus
a considerable time myst elapse in the setting right of only a few stations.
On a line like the Great North of Scotland, where the trains are few and
far between, and where a needle telegraph exists to fall back upon, these
defects are of comparatively little moment ; but on a crowded line, where
illiterate pointsmen are employed, and where no needle telegraph exists,
confusion must arise, and I canrdot see how any such line could be worked
with safety. The system works well in the winter, and is, perhg, then
preferable to any other; but in the summer our own system is far safer,
and I would give it a decided preference.”

He thought this evidence was conclusive, as to the liability of
these instruments to derangement from atmospheric electricity.

Another natural phenomenon—that commonly termed ¢ deflec-
tions’ or earth currents,’—seriously affected circuits worked by
momentary currents. At certain times and seasons, immense
masses of electricity passed through the crust of the earth, from the
equator to the pole and vice versi, traversing the telegraph circuits
in their course, and causing great annoyance and trouble. In the
needle and semaphore instruments, such currents produced little
effect, as they rarely if ever equalled in force the usual working
currents ; but upon instruments worked by momentary currents,
such effects produced a complete stoppage. The signal in Mr.
Tyer’s instrument in place of remaining at ¢ train on line,” would
instantly fly back and remain at ‘line clear.’ Mr. Gilbert’s letter
afforded evidence of the effect of these earth currents.

There were also interruptions arising from accidental and
artificial causes. The wires might be brought into temporary
contact by the wind, or, as they frequently were, by the long levers
of the platelayers; and cases had been known where birds alighting
upon wires had produced similar effects. Such accidents would pro-
duce false signals on instruments worked by momentary currents,
while those actuated by continuous currents would remain un-
affected. An accident which occurred on the London, Brighton,
and South Coast Railway, near the Victoria Station, on October
16th, 1860, was believed by the Author, who investigated it shortly
afterwards, to be due to this cause. Capt. Tyler said,'  There 1s

1 Vide * Reports of the Inspecting Officers,” &c., 1860. Page 90.
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no question in this case of any i larity in the working of the
instruments or of the needle having been pushed over accidentally
at the Victoria Junction, (which might '%ly have happened under
other circumstances in consequence of the instruments being as yet
unprovided with glass covers,) because the statements of Bicknell
ang Agent are to the effect that they both saw the needle go over,
and both heard the bell ring at the same time, though they could
not be sure as to whether it rang three times or not.” This was
an illustration of the danger of depending upon sound.

False signals were also produced on Mr. Tyer’s instrument, by
a defect which was pointed out by Mr. Fleeming Jenkin, whereby a
signalman, to make the same signal had at one time to push one
button, and at another time the other button. Evidence of the
occurrence of such a false signal was given in a letter he had
received from a late inspector of his, who said : —

«The wrong signal that was given on Tyer's instrument at * * * * the
other day was caused by the man pressing the wrong piston, and was
likely to have been very serious in its consequences ; Eut the affair has
been hushed up; and Mr. * * * seemed very reluctant in giving me any
information about the instruments, but said they are sometimes affected
by lightning.”

He therefore contended that, judged by the liability to accident
from natural and other ghenomena, instruments actuated by
momentary currents were decidedly inferior to those worked by
continuous currents.

The question of the superiority of the various systems was con-
sequent(l]y reduced to the relative merits of Mr. Clark’s and of the
semaphore. Presuming the defects of each to be equal, as a tele-

.graphist, Mr. Preece would as soon use the needle as the sema-

hore, but as his object was to produce uniformity in signalling, he
gelieved the semaphore to be fully equal to all the requirements of
a railway. It had been contended that, inasmuch as the sema-
phore was a mechanical arrangement, it was defective ; but all
telegraph instruments were more or less mechanical arrangements,
and while the construction of the semaphore was visible, if the
interior of most of the instruments which had been described were
examined, it would be found that they were considerably more
intricate than the semaphore. It was absurd, in the present day,
when mechanical construction was brought to such perfection, to
object to an instrument on account of its construction, unless it was
unduly complicated. In the instrument in question, there were
only two pivots, one lever, and a rack and pmnion. It was ques-
tionable whether any other instrument was so simple. Moreover,
the simplicity of its construction rendered it peculiarly suited for
the hands of uneducated signalmen, who fully and completely com-
prehended it, from their acquaintance with the construction and
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working of the out-door semarhores, with which it was assimilated
in every particular. The intelligence of signalmen had been much
underrated, as Mr. Newman had pointed out, and exgerience had
fully shown, that when an instrument which they understood was
plaeed in their hands, it received as much care and attention as
if the men were skilled mechanics. It was infinitely preferable to
Place such an instrument in the hands of signalmen, than to give
them an instrument kept invariably under lock and key.

Again, it was contended, that the semaphore arrangement was
not vew. If he had felt any curiosity before the commencement of
this discussion, it was to know how many claimants there would be
for the invention of the semaphore. He had, therefore, been

bly surprised to find there was only one such claimant. He
did not conceive the mere inventor of a useful article to be the
only one entitled to credit; those who brtgxqght it into general use
surely merited some notice. It was not Mr. Cooke who invented
the telegraph, but he introduced it, and was therefore deserving of
the reward he had received. He willingly accorded to Mr. Walker
any reButation that might accrue from originating such an instru-
ment, but of which Mr. Preece had been perfectly ignorant when
he brought out his own; but if such a really useful thing had
been allowed to lapse for a period of nine years, it certainly
should not now be brought forward, in order to attempt to detract
from the credit due to its introducer. The idea conveyed in the
two instruments was similar, but their mechanical construction
was totally different; and while Mr. Walker’s was a simple needle,
in no way differing from an ordinary needle instrument, but with
its defects ified, Mr. Preece’s was to all intents and purposes
a practical railway signal, based upon a totally different principle. -
Both Mr. Walker and Mr. Preece had, however, been anticipated
by Mr. Ward, who, in 1847, invented and patented a semaphore
worked by electricity ; but he went beyond either by fixing the
semaphore visibly before the driver on the line. It was not how-
ever the mere invention of the semaphore that Mr. Preece claimed ;
it was the assimilation of the electrical to the ordinary line signals
of the particular railway upon which they might be fixed, the
method by which electrical signals were simply worked as distant
fﬁnal&, and the reduction of the whole system to one uniform plan.
is had never been attempted before. Allusion had been made
to the effects of decreasing battery power. Now, upon no instru-
ment was the failing strength of the battery shown more clearly
than upon the semaphore, the arm of which rose with ter or
less rapidity, according to the strength of the current. 1t had also
been stated, that five wires were necessary to work this system in
its complete form. This was an error, as only four were required.
In practice, however, three wires were used for a double line and
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two wires for a single line, as in the case of Mr. Clark’s system.
A single line could be worked by the semaphore system on one
wire alone, but he deprecated the use of a single wire. It must
also be observed, that in the event of derangement from any cause,
either to the wires or to the instrument, the arm immediately
showed the danger signal, and thus warning was at once given,
and security obtained. In conclusion, he expressed a hope that
the time might come, when all the great railways of the kingdom
would be worked on one plan for the manifest advantage of all.

Mr. HawgksEAW,—President,—said the discussion of this sub-
ject showed that electricians were still a long way from uniformity ;
and he was not sure if, at this stage of the inquiry, uniformity was
desirable. It had been objected, on the score of safety, that there
were too many trains on railways. He was afraid that objection
would not be obviated, for, in his opinion, the number of trains
would increase, as the growth of population, and the tendency of
people to live near railways, must lead to the multiplication of
trains. He felt that whatever science aund vigilance could
accomplish, to ensure ter safety on railways, should be done;
and he thanked Mr. Fr::ce for having brought forward a Paper
which bad elicited a great variety of opinions, as to the best mode
of applying telegraphs to railways. He placed a high value on
the opinions of Captain Huish, who had had such long experience
on this subi'ect; but he could not agree with him on one point.
Theoretically, no doubt, the tra.in-stﬁr led to greater safety than
any other mode of working. But persons might be preserved
from railway accidents by not going upon a railway at all; and
the train-staff system was an approach to doing away with railway
travelling. As a system, it simply meant that, provided a Com-
{mny confined itself to one staff, it would also Limit itself to one
ocomotive ; and so long as only one locomotive at a time ran upon
the line there could not be any collision. But it was obvious that,
under that system, trains could not be started from the same end
of the line at short intervals of time ; as when the staff was at the
other end, it must be brought back, and this necessarily involved
delay. He considered the train-staff system was wholly inap-
plicable to any railway on which the traffic was large. ileitber
could he concur with the remark, that a mistake had been
made, in not more generally adopting single lines of railway ; or
that, with the use of the telegraph, proper superintendence, and
due vigilance, a sinfle live of railway could be made as useful
as a double line. If an accident happened upon a single line,
the traffic of the whole system was stopped. Therefore, although
there were cases in which single lines were proper, inasmuch as
the district might not afford sufficient traffic for a double line of
rails, yet he should not wish it to be understood, that one line
of rails could ever answer all the purposes of two lines.
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As to this particular question, he concurred with those who
thought, that every one engaged on railways should always be on
the alert, and that nothing should be done to diminish, or to relax,
the vigilance of the engine driver, in looking out for the signals
during his journey ; but, so far as he knew, he did not believe the
tendency of telegraphic arrangements had produced that effect.

With regard to tge electric telegraph, he had on previous occa-
sions expressed his opinion of its great utili?. t was adopted
about the same time that railways were introduced ; and to tgose
who aided in its establishment, society at large owed a great deal.
There was one point of view from which the telegraph became ve
important : whatever time might be saved by railways, the telegrap
carried that reduction still further. Here the train-staff failed.
If, for instance, A wanted something from B, b{ employing the tele-
grad?h, B could be instantaneously informed of this want ; whereas
without the telegraph a m must be sent by an engine to B,
to bring back what A required. The same advantage would be
conferred upon steam-boat communication by the electric telegraph.
Whatever might be gained by the time saved in transit by steamers,
the telegraph would double the saving. Merchants requiring
foods could ask for them by telegraph, and the steamer could be
oaded and dispatched at once. ~Without the telegraph, the
steamer must go one wat{‘ to announce the want, and return back
ﬁ:in to supply it. Although it had not been proved, whether

. Tyer’s, or Mr. Preece’s, or Mr. Walker’s system was the best,
he beheved that all were calculated to be of advantage to rail-
ways. The telegraph would be of great service, and must ulti-
mately become essential in working railways, though clouds

ed with electricity might occasionally demagnetise the
needles; and he hoped those gentlemen who had undertaken that
branch of science would continue their endeavours to eliminate,
as far as possible, every source of error.

January 20 and 27, 1863.
JOHN HAWKSHAW, President,
in the Chair.

The discussion uﬁon the Paper, No. 1,079, « On Railway Tele-
gaphs, &c.,” by Mr. W. H. Preece, was continued throughout
ese evenings, to the exclusion of any other subject.
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RAILWAY BREAK.

After the Meeting a model of a Railway Break was exhibited by
Mr. W. G. Creamer, of New York. This plan was stated to
embrace, first, an arrangement of compensating, or balanced
breaks, worked by one lever, and distributing the pressure
equally on all the wheels, with a small expenditure of power.
Secondly, an attachment of reserved power to the breaks of every
carriage, in combination with a non-elastic signal rope, so as to
enable the driver instantly to apply every break in case of danger;
or on the separation of the train, or any part being thrown from
the line, the breaks would apply themselves automatically, as
each carriage was entirely independent of all the others, and the
breaks were available wherever they were placed in the train.
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February 3, 1863.

JOHN HAWKSHAW, President,
in the Chair.

The following Candidates were balloted for and duly elected : —
Epwarp FILLITER, and ARTHUR SIDNEY ORMSBY, as Members ;
Tromas Epwarp DunN, James RoBerT FURNIss, Captain JaMES
GrANTHAM, R.E,, JoHN JACOB HOLTZAPFFEL, STEPREN LANCELOT
KoE, ALFRED STANSFIELD RAKRE, LEONARD ROBERT ROBERTS,
RoBerT OWEN WHITE, and Huers WILSON, as Associates.

No. 1,048.—“ On the Woods used for Sleepers on the Madras
Railway.” By BrRYcE M°MaAsTER, M. Inst. C.E.

Or all the questions relating to the construction of railways in
India, there is not one of greater importance, and few have of
late years received more consideration, than that of the substruc-
ture of the permanent way ; and most deservedly so, for it has a
material inﬁence on the cost of maintenance of the line. The
native wood sleepers having hitherto been found, for the most part,
deficient in durability, attention has been turned to an iron sub-
structure for the permanent way; and as the resources of India
seem inadequate to meet the demand, the question has arisen,
whether sleepers of cast iron, or of creosoted timber, must not be
sent from England? This is so important, that it is desirable to
inquire into the causes of the failure of the native woods, with a
view to ascertain whether these causes can be overcome, and the
vast resources of the country be rendered available.

Onthe Madras Railway between 30 and 40 per cent. of the sleepers
have annually required renewal. This has been due to two causes:
first, to the employment of woods unfit for the purpose; and se-
condly, to the sleepers being cut from young trees, which would
have been good if allowed to stand till old emough. With
reference to the first of these, it was to determine which woods
ought to be rejected as unfit for sleepers, at whatever age they
might be cut, that the Author, in the year 1858, commenced a
form of exawination which should discover and record the annual
deterioration of the sleepers. It may appear a simple matter to

[1862-63. N.5.] R
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note the names of the woods as they were removed, and to dis-
continue the use of such as were found to be unsuitable; but
experience showed that, in the majority of instances, the sleepers
decayed so rapidly and so completely, that it was impossible to
determine, with any degree of accuracy, the names of the woods.
The nature and appearance of the woods were often entirely
changed, and all brands, or other marks made on the sleepers
when new, were effaced. In practice the Author prepared a list
of upwards of thirteen hundred sleepers, on a portion of the
line convenient for the purpose, and numbered these sleepers
from certain fixed points. They were examined carefully twice,
at an interval of twelve months, and the state of each sleeper, at the
date of the examination, was recorded. When decayed sleepers were
met with, it was easy, by reference to the list, to discover what the
woods were. The Author’s sudden departure from India pre-
vented a third annual examination, and his observations are, there-
fore, less calculated to prove the length of time good sleepers
will last, than to show those which should not be used at allina

lain state,—a point on which, as far as he is aware, no system
Ead previously been adopted, and the want of which information
had caused many woods to be used for sleepers, which were proved
by the Author’s first examination not to be capable of enduring a
single year.

'%he sleepers examined were variously placed—some on em-
bankments and some in cuttings. Advantage was also taken of
the opportunity to test the effects of different forms of ballasting,
regarding which there had been some discussion amongst the
Engineers on the line. The system usually adopted on the Madras
Railway was to cover the sleepers entirely with ballast; which,
outside the rails, was on a level with the tops of the keys, and
between the rails was about 4 inches over the sleepers. This was
drained in the ordinary way, by cross drains at intervals. The
other system, which was adopted by the Author on the division
under his charge, was to leave the sleepers as much as possible
uncovered. In the middle, between the rails, the ballast was
raised about 2 inches, and it was sloped off 8o as to throw the water
under the rails; the sleepers from the rails to the outer ends
being uncovered.

'jll]‘%e annexed statement gives the Tamil and the botanical names
of the woods which came more particularly under observation,
with the state of the sleepers at the eud of the second year :—
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Uncovered. Covered
Lo, y !
Tamll Name. Botanical Name. 4 |§5§. ; v %Ei: i
e t g :;- . é S | g & 3
279! 8358
{ |
Per Ct.' Per Ct. lPel'Ct.PerCt. Per Ct. Per Ct

Chella woonjay | Acacia odoratissima | 63 | 29 55 ¢ 1
Vel vengay. . | Ditto iosa . 37 . 36 27| 17| 86 47
Dud eloopay . | Bassia longifolia. 60| 25 15| 64| 25 11
Vellanaga . . | Conocarpus latifolia. | 47 | 29 241 20| .. 80
Miledi . . . . 6! 6 ! 8] ..| .. ‘100
Mnlitunh . o | Melia Azadirachta . | 431 43 ] 41 ..| 25 | 75
Kurkuttah . . | Zizyphus glabrata .| .. 31 691 20| 10 70
Eurrah murdah | Terminalia glabra . | 66 ' 28 6| 85 31 ' 34
Palay (red) . | Mimusops hexandra | 75 ' 25 88| 62 ..
Kotvoye . . | Acacia speciosa . 4' 8 | 46| 7| 80 | 63
Maroothy . . | Terminalia alata 13 ' 28 591 29| 15 56
Coombaderie . .. 22 22 56 71 11 82
Away . . . .. .1 9 9 9| 12 79
Karavalum . . | Acacia Arabica . 80, 20 5 | 22 | 22
Necanee . . | Conocarpus latifolia | 11 ' 22 | 67| .. | .. ..
Cadookoy . . | Terminalia chebula. | .. = .. o 11 16 . 73

From this table it appears, first, that only five woods—the Chella
woonjay, Eloopay, Kurrah murdah, Palay, and Karavalum—were
sound at the end of two years, and that the other eleven species
would not last as sleepers for that time. Secondly, it is evident,
that where the sleepers were uncovered, decay was much less
rapid than where they were completely buried in the ballast.
The last two woods in the list were not found in the two systems
of ballasting ; of the remaining fourteen it will be seen, that in
ten the advan is decidedly in favour of the uncovered sleepers,
while in the other four, the difference in favour of the covered
Ble’eipers is extremely small.

he sﬁ:m of leaving the sleepers as much as possible un-
covered many advantages. It effects a saving of about 9
cubic yards of ballast per chain of line, and there is propor-
tionately less labour in opening out the road for examination,
or repairs. It allows the platelayers to detect at once any defects
in the substructure of the road, which, when the sleepers are
buried in ballast, can seldom be done, until the effects are visible
in a depression of the rails; and hy throwing off wet more rapidly,
it keeps the sleepers drier, and induces their better preservation.

The objections urged against the system were, that the heat
of the sun would split the sleepers, and cause the keys and trenails
to shrink. Further, that the road would not be suﬂicient.])é bedded

R
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in the ballast to prevent its twisting when the rails expanded, or
on the passage of trains.

Regarding the splitting of the sleepers, the following statement,
referring to the whole of the sleepers examined, shows the effects
of the two systems :—

Good I Beginning Beginning Uscless; Useless ;
" I to split. to rot. split. rotten.

|
Per Cent. Per Cent. Per Cent. Per Cent. Per ient.
2

Uncovered . 47 19 8 2
Covered . . 583 12 13 . 36}

It thus seems that, while amongst the uncovered sleepers
there is a larger proportion ¢ beginning to split’ or ¢useless from
being split,” there is, on the other hand, amongst the covered
sleepers, a still larger é)roportion ¢ beginning to rot,’” or ¢useless
from being rotten ;’ and the per centage of good sleepers amongst
the covered is less than amongst the uncovered. On the
whole, therefore, it appears to be decidedly better not to bury
the sleepers in the ballast, as has generally been done. As regards
the trenails, the Author found that where the sleepers were rotten
the trenails were almost invariably rotten too, on which account
uncovered sleepers seem to be preferable. On the other hand,
he never found that trenails whose heads were exposed to the sun
were loosened by shrinking. Keys, if not proper})y seasoned, will
ghrink in India. No system of ballasting which would protect
them from the sun would be admissible, as it would effectually
prevent the platelayers from tightening them up. Besides this,
the Author found, that where the ballast touched the keys, whether
of English, or of native wood, they were generally soft, and covered
with fungus, and, where the line was not opened for traffic, in many
instances they were eaten by white ants. \Vith reference to the last-
named objection, that the road would be more liable to twist and
buckle if the sleepers were not buried in the ballast, the Author
can only state, that he never knew this to be the case on 40 miles
of line thus ballasted and opened for traffic, on the division under
his charge.

Trenails made in India cost from £2 10s. to £4 per thousand ;
the price varying with the difficulty of getting wood and labour.
The woods generally used for the purpose were the Vengay, Kurrah
murdah, Erool, Porasa or Satin wood, and Trincomalee. - These
trenails appeared excellent, but the Author left India before he
had an opportunity of observing their durability. He is, however,
convinceg, that they are equal to any trenails sent from England.
Trincomalee wood 1n particular seems deserving of more attention
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for the manufacture of trenails. Keys were also extensively made
in India, of the Vengay, Kurrah murdah, Erool, and Teak. These
keys were considerably longer than usual, so as to allow of their
being driven up, when theygot loose. Teak keys seemed to be
the best, and as their cost did not exceed £6 per thousand, it
would be worth while to have them supplied in India. The other
woods named, if properly seasoned, would doubtless be found as
durable as, and cost less than, Teak.

From personal observation and inquiry, the Author thinks the
following twelve woods will make really good sleepers, to be used
plain :— :

TamiL Naue. BoranicAL NAME.
Teak . . . . . Tectona grandis.
Saul . . . . . Vatica robusta.
Sissoo . . . . Dalbergia sissoo.
Pedowk . . . . Pterocarpus Indicus.
Kurrah murdah . . . Terminalia glabra.
Aucha . . . . Hardwickia binata.
Vengay . . . . Pterocarpus marsupium.
Chella woonjay . . . Acacia odoratissima.
Erool . . . . Inga xylocarpe.
Karavalum . . . Acacia Arabica.
Dud eloopay . . . Bassia longifolia.
Palay . ’ . . Mimusops hexandra.

The previous list contains the names of eleven woods which
should, in the Author’s opinion, be rejected as unfit for sleepers, if
used in a plain state.

It is deserving of notice, that of the sleepers ¢ beginning to rot’
19 per cent. of the whole bad begun under one, or both chairs.
In many of the sleepers which were so rotten as to be useless, it
was impossible, from their state of decay, to determine where, or
how the decay had commenced. Speaking, therefore, only of
those previously alluded to as ¢ beginning to rot,’ the additional fact
was ogserved, that in the uncovered sleepers 24 per cent., and in
those covered 18} per cent., decay had begun under the chairs. The
Author believes tgat the cause of this decay is the retention of
moisture under the chairs, in the hollows of the castings. The
rarefaction of the air within this hollow would be greater when the
chair was not protected by ballast from the heat of the sun: when
rain fell, this air would be sooner cooled, and the water would
bave freer access to the interior, than where ballast intervened.
It may be said, that under any circumstances the quantity of
water 80 retained must be extremely small. Nevertheless for
many hours after the rest of the sleeper was perfectly dry, damp
was observed all round each chair, tge water within being slowly
expelled, as the chair was again heated. The large proportion of
sleepers shown to have been affected by this damp, and the fact
that many sleepers had to be removed, because they were rotten
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under the- chairs, while the rest of the sleeper seemed perfectly

od, are sufficient proofs that this subject deserves consideration.
f:is believed that if the seats of the chairs in the sleepers were
well tarred, it would go far to remedy this evil; although the
Author had not an opportunity of witnessing the effects of what
he recommends. It cannot be said that the chairs had, in any in-
stance, been crushed into the sleepers, for at the date of the second
and last annual examination, nothing heavier than a platelayer’s
¢ trolly’ had passed over them.

With regard to the second cause of failure,—the woods being used
too young and unseasoned,—-the list already given, of the state of
the sleepers at the end of the second year, does not show the actual
expenditure of sleepers on the Madras Railway up to that time.
Large as the renewal is there seen to be, it was even yet larger in
reality. For as the main object of the investigation was to
discover what woods were and what bad, so in the record
made of the results of this investigation no notice was taken of the
decay of sap wood, which unfortunately formed a considerable

rtion of many sleepers; its decay, which took place always
Ka)fore the end of the first year, leaving so little of the original
sleeper as to necessitate its renewal. In such cases when the heart
wood was found to be sound and good, the sleeper was recorded
under that head.

The circumstances under which the sleepers were supplied were
such as to account, in some measure, for the great loss from this
cause. In the first place, until sleepers were actually required for the
railway, there had not been any demand for them from any quarter.
The jungles were unknown to all but a few native wood-cutters.
A commencement was made by some of the civil servants of the
Government, who rendered valuable assistance to the Railway
Company, by working the jungles in their neighbourhood. The
example thus set was followed by natives poasessed of capital, who
eutered into contracts with the F{ailway Company for the supply of
sleepers. These men sublet the work to ¢ wudders,’ a peculiar
tribe accustomed to wood-cutting in the jungles. But this arrange-
ment was speedily found to fail. The native contractors took
little interest in the work, and exercised little supervision over the
wudders. They secured themselves by throwing upon the wudders,
a poor ignorant race of men, all the loss caused by sleepers being
rejected by the Railway Company’s agents. The want at that
time of any supervision in the forests, (now ably exercised by the
Forest Department), tempted these wudders, and the rude appliances
at their command forced them, to leave untouched large trees from
which really good sleepers might have been cut, and to satisfy
themselves witi felling only the smaller and young trees. They
also frequently lopped off the branches of large trees, and left fine
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trunks standing. Of course a large proportion was rejected by the
Engineers of the Railway Company, but the supply was so scan(tiy
and irregular, that at last, when the permanent way was being laid,
sleepers had to be obtained by any means, and many sleepers which
would have been rejected at first were bought up eagerly at last.
In fact instances occurred, in which sleepers rejected by one Engi-
neer, who could afford to pick and choose, were taken immediately
to a less fortunate neighbour, (the marks of rejection branded on
them being carefully removed), and by the latter they were bought
and used. Under these circumstances it is not to be wondered at,
that so many inferior sleepers were used. The appointment of
Conservator of Forests was made in December 1856, but some
time elapsed before the arrangements could be completed for an
efficient supervision and systematic working of the forests. It was
not, for instance, until July 1858, that an establishment was sanc-
tioned for the working of the Salem Jungles, from which a large
portion of the railway was supplied with sleepers. Things con-
tinued in this state until May 1858, when the system of giving
large contracts for sleepers was discontinued, on account of the
utter inability of the contractors to fulfil their engagements, and the
Engineers received permission to purchase sleepers direct from any
one who should offer them for sale. This change had many ad-
van . The middle-men being done away with, the Engineers
had direct access to the wood-cutters. In many cases the price
of the sleepers was reduced, but where it remained the same, the
wood-cutters who brought the sleepers direct to the Railway Com-
pany received a larger profit, than when they had to work for
contractors who were not remarkable for liberality, nor even for
honesty in their dealings with the poor, ignorant labourers. But
many of the disadvantages of the old system still continued. The
different establishments of the Forest Department were at first
unable to superintend and control the numerous parties engaged
in all directions in felling timber, and the wood-cutters were still
no further advanced in the knowledge of the good woods, or the
means of obtaining proper appliances for felling any but the
smallest trees.  The results were, therefore, although in a less
degree, the same as before. Sleepers were used green and un-
seasoned. The supply of good sleepers was far short of the
demand, and timber of inferior quality had to be bought at last,
to complete the laying of the permanent way. :

From what has been said, it will be seen that the sleepers which
have failed on the Madras Railway may be divided into two
classes: —those which are of perishable woods, and those which,
although of ﬂ(}d woods, have been cut from young trees. The
existence of first is to be attributed to want of experience of
the nature of the Indian woods ; and of the second to want of a

~
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proper system in working the jungles. It is of importance to con-
sider how far these evils may be remedied. As regards the first,
experience is being gained every day of the woods suitable for,
and actually used for sleepers, and if those who have opportunities
of witnessing their durability would record the result of their ob-
servations, much useful knowledge would be gained, and economy
might be effected in the construction and maintenance of Indian
Railways. It is indeed hardly possible to suppose that, after so
many years’ experience, there has not been much information ob-
tained in all parts of India, regarding the nature and qualities of
its timber ; but it is to be regretted, that hitherto no means have
ever been taken to collect such information, or if collected, to
disseminate it, so as to render it useful to the Railway Companies.
The two systems of procuring sleepers, through native contractors
possessed of capital, and by purchase direct from the wood-cutters,
or others, having been found to fail, the question arises, What
can be done to secure a plentiful supply o? ood sleepers? The
Author is persuaded, that this will be accomplished when, but not
until, the Railway Companies send their own agents, with sufficient
establishments, into the jungles, to cut down the wood themselves,
to furnish the wood-cutters with proper appliances, and personally
to superintend their operations. This was done on the Madras
Railway, in one or two instances : in particular in the Paulghaut
Jungles, where Mr. Ross, the Resident Engineer, (afterwards the
Chief Engineer of the Madras Railway,) worked the jungles sys-
tematically. The result was, that Mr. Ross was able to furnish
from his own resources nearly eight districts ; while on portions of
the line where the other systems were in operation, the supply
required for one district (of 25 miles) could not be obtained from
some scores of suppliers. In the case of a new line of railway, it
would be highly desirable, as soon as it is settled that the line is to
be made, to send establishments into every jungle, and to com-
mence felling really suitable timber. Then by the time the sleepers
were required, the logs would be tolerably well seasoned, and they
might be cut up into sleepers and be conveyed to the works.
There is no doubt that the cost of these establishments would be
money well spent ; for besides the immediate advantage of a large
supply, and the ultimate advantage of the sleepers being of good
and seasoned woods, it is certain that the cost of the sleepers
might be reduced, as large profits seem to have been made by the
native contractors. The present practice is to push on the earth-
works and masonry ; and too often when these are ready to receive
the permanent way, there is not a sufficient number of sleepers,
and the Engincer is obliged to buy any timber he can get.
Directors and shareholders are satisfied for the time, and when,
after the first year, they hear of the extravagant cost of renewals,

~
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the Indian jungles are condemned as unfit to yield the required
supplies, and England is resorted to for a substitute, without suffi-
cient thought being given to the want of experience and system
which must operate at first. -

So far, reference has only been made to such Indian woods as
may be expected to answer if used plain, and to the means of
obtaining them. But the Indian jungles abound in woods which
are of too perishable a nature to allow of their being used in that
state. 'The Author thinks that the sleepers should be creosoted,
or otherwise prepared, on a much larger scale than has yet been
attempted ; so as to render available many of the woods which
would otherwise be useless. In a previous Paper,! allusion was
made to the creosoted sleepers sent from England to Madras, and
an opinion was given of their value. Shortly before his departure
from India, the Author examined some thousands of these sleepers,
both of the rectangular and the triangular cross section, which had
been laid for four years, and the impression then formed was, that
they were admirably adapted to the country. An exceedingly small
number had been renewed. They had been laid, mixed with native
wood sleepers, of the description usually supplied, and while the
native wood sleepers had in two, or three years become so rotten as
to be, with few exceptions, unfit for use, the creosoted sleepers were
as good as when they were originally laid. It may be stated, that
the cost of an English creosoted sleeper conveyed, say, 100 miles
by rail and 50 miles by road, would be nine shillings and sixpence,
while the average price of native wood sleepers used plain and
delivered on the works was six shillings each. The English creosoted
sleepers are liable to get too dry from exposure to the sun,
especially those of a triangular cross section, which are apt to be
broken at the edges in being laid. All creosoted sleepers should
be constantly protected from the direct heat of the sun, until
actually requred, and care should be taken in laying them. It
is becausere%:nglish creosoted sleepers answer so well in India, that
the Author recommends that native wood sleepers should be sub-
jected to the same process. It is true that some sleepers have
been so treated, both on the East Indian and on the ras Rail-
ways, and possibly elsewhere ; but as far as the Author is aware,
the experiment has not been fairly tried. Saul, Teak, Soondry,
Sissoo, and such other woods as have been creosoted, or otherwise

repared, and to which the experiment appears to have been
ﬁmned, are all hard, durable woods, and so close-grained as to
make it a difficult matter to force the solution into them. Why
should the most expensive woods in first cost and those most diffi-

1 Vide Minutes of Proceedings Inst. C.E., vol. xviii, pp. 417-422.
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cult to creosote, be selected, when there are many others more
plentiful and more easily obtained, lighter and more open-grained,
and therefore more easily creosoted ? Establishments and appa-
ratus for creosoting, or otherwise pickling, might be erected in
convenient positions near each extensive jungle, and such esta-
blishments would be more, or less permanently useful. Sleepers
of common light woods might easily be procured at an average
price of four shillings and sixpence each, delivered on the works;
and, judging from what has already been done in India in this
way, the cost of creosoting, including the expense of the apparatus,
would probably be less than one shilling each. There is every
reason to believe, that sleepers thus prepared would last as long
as those sent from England, at one-third less cost.

Having thus attempted to explain the chief causes of failure in
the native wood sleepers, and how these may be overcome, in
order that the resources of the country may ﬁe made available,
the Author will now endeavour to show, that these resources
are likely to prove sufficient to meet the demand. Taking, for
example, one forest, that near Salem, out of probably twenty
in the Madras presidency:—It is stated, in the Report of the
Conservator of Forests for the official year 1859-60, that from the
Salem jungles alone two hundred and forty-six thousand sleepers,
or sufficient for 133 miles of railway, were cut during that year.
Of course, a large number were rejected, and of those actually
bought many were found to be very perishable; but the figures
show what one forest can yield. As might be expected, it was
not without considerable anxiety that those interested in the con-
servation of the forests saw the vast drain required to supply the
railways. In the Report alluded to, the Conservator of Forests
calculated that, for 1,150 miles of railway, sanctioned, or contem-
Elated for the Madras presidency, an annual supply of two

undred and fifty-three thousand sleepers (say thirty-five thousand
trees) would be required for renewals alone, allowing each sleeper
to last on an average eight years. Arrangements have been
everywhere made for planting good trees to meet this demand
and to keep up the supply. With twenty forests from which to
draw the supply, the demand on each would average about one
thousand sleepers per month; and this does not appear above
what may be expected from the supply. Railway Companies and
other bodies likely to require large supplies of timber are recom-
mended to plant on their own lands trees suitable to their
requirements, a plan which, if followed, would much increase
the sources of supply. But it will be many years before there
are 1,150 miles of railway requiring an annual supply of sleepers,
and the numbers given above are sufficient to allow of a renew
annually of about 25 per cent. of sleepers for some time to come.
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The Author cannot discover, in the Reports of the Conservator
of Forests, any information regarding the largest amount of
timber that may anuually be obtained from the Madras forests.
Probably the siort time the Department has been in existence,
the limited number of assistants, and the immense amount of work
they have had to perform, as well as the still unexplored state
of many parts of the forests, have tended to prevent this informa-
tion from being obtained, and without it no correct calculations
can be made. But as a supply from each jungle of two thousand
sleepers per month would provide for the construction of 500
wiles of railway within the next five years, and for the same
};eriod would allow a renewal of 33 per cent. of the sleepers already

id, it may be confidently anticipated that the supply will not
fail, if means are taken to make tﬁg naturally perishable sleepers
last a reasonable time.

An analysis of the two hundred and forty-six thousand sleepers
already stated to have been cut in the Sa]y('em jungles during the
year 1859-60, may be useful, as exemplifying the waste of timber
and the great expenditure of sleepers that then prevailed; and
further it will be seen, how large is the number of sleepers which
can be obtained, if artificial means are used for preserving those
of % l1‘ishablc.=, nature. The sleepers referred to may be divided
as follows : —

Good. Bad.
Known to be . . . 82,000 ..
Known to be , . . . 96,000
Not known, of unsancﬁoned} 46,000
woods, and probably rejected. °t '
Ditto, of sanctioned woods, 11,000
allow one-half to be good . } ! s
Ditto, of sanctioned woods, 11,000
allow one-half to be bad t ’
Totals . . 93,000 153,000

It therefore appears, that of these two hundred and forty-six
thousand sleepers about 62 per cent. were practically useless.
Surely then, when, of the sleepers which could be cut under
ordinary circumstances, two-thirds cannot be used plain, no
stronger proof is necessary of the importance of at once taking
steps to turn these to account, in the only way in which it can
be effected.

But after all, the great argument will always be, the compara-~
tive cost of each description of way; and the Author will there-
fore, before concluding, show the probable cost of one mile of
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single line of four different kinds of permanent way in the Madras
presidency. In questions of this nature the cost of ¢leading’
should always be taken into consideration. In the following
estimates, the cost of conveying the materials 25 miles up the
country has been added : —

No. I.—WiTH CAST-IRON SLEEPERS.

£ sd

Ruils, fish-plates, bolts and nuts, cast-iron sleepers, wrought-iron

tie bars, gibs and cotters, and keys, delivered at Madras, per
mile . . . . . . . . . . . 2065 0 0
Conveying 25 miles by carts, 262 tons at 6d. per ton per mile . 164 0 0
Total cost per mile . . £2229 0 0

No. II.—Wrra CREOSOTED SLEEPERS BENT FROM ENGLAND.

Buils, chairs, fish-plates, bolts and nuts, delivered at Madras,
per mile . . . . . . . . . . 143915 0
Conveying 25 miles, by carts, 164 tons at 6d. per ton per mile . 102 10 0
Keys and trenails, native made, and carried 25 miles, per mile. . 47 0. 0
1,584 English creosoted sleepers, delivercd at Madras, each 7s. 1d. 561 0 0
Conveying ditto 25 miles by carts, per mile . . . 100 0 0
Total cost per mile . . £2250 5 0

No. IILL—Wrra NaTIvE Woop SLEEFEES, TSED Prarv.
Materials and carrying as before, per mile . . . . 1,589 5 0
1,584 plain native wood sleepers, each 6s. . . . . . 475 4 0
Total cost per mile . . £2,064 9 0
No. IV.—WrrH NaTive Woop SLEEPERS, CREOSOTED.

Materials and carrying as before, per mile y , . . 1,589 5 0
1,584 native wood sleepers creosoted, each 5. 6d. . . . 43512 0
Total cost per mile . . £Z.O§4_i7 0

From this comparison it appears, that English creosoted sleepers
make the dearest, and native crevsoted sleepers would make the
cheapest road. 1t has already been stated, that as the creosoting,
or otherwise pickling, of native timber has never been attempted
on a large scale, it is impossible to say what the actual cost of
sleepers thus prepared would be. The reason of a less price being
allowed in these estimates for creosoted native sleepers than for
plain native wood is that, to insure the duration of plain native
sleepers for a sufficient length of time, a high price must be given
for Fmrd woods, whereas common soft woods for creosoting might
be obtained at much cheaper rates. Owing to the heavy cost
of carriage, the native wood sleepers present an advantage over
the two systems in which English sleepers are used ;—that is
to say—an advantage in first cost, for, as regards the durability
of the different materials, all the information gained in India up
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to this time is negative rather than positive. It is known that
certain woods will perish within a certain time; but it is not
known how long the best hard woods, or those artificially pre-
served, will last. No satisfactory comparison can therefore be
drawn between the different systems of permanent way, as regards
the cost of maintenance. It appears, however, that while the
defects hitherto discovered in the native wood sleepers are pretty
generally known and often dwelt upon, it is too frequently the
Ppractice to imagine that a cast-iron way in India possesses all the
advantages claimed for it in England. In addition to the cost
of freight and carriage, the cast iron ¢pot’ sleepers are not onl
liable to breakage on the voyage out, but also while being land
and in their carriage up the country; and owing to the careless-
ness of the native workmen in unloading and in laying them,
they are very liable to further casualties. The Author has ob-
served many cast-iron sleepers broken for want of proper packing,
and from settlement of the ballast in wet weather, or o&aeiwise.
It should likewise be remembered, that the broken sleepers have
not the same value in India as old metal that they have in Eng-
land, as there are not at present in India the same facilities for
smelting and re-casting.

In conclusion, the Author would recommend that a fair trial on
a new footing be made with the native wood sleepers ;—that all
woods now known, or hereafter found, to be good be used plain ;—
that proper care be taken in the selection, felling and seasoning of
them ;—that the sleepers be tarred in the seats of the chairs; and
that they be laid in the driest ballast, which should be raised
slightly in the middle and sloped off so as to direct the water
under the rails. He would also recommend, that all woods which
will not last plain, be creosoted, or otherwise prepared.

The main object of this Paper has been to give some facts
relative to the resources of India, as regards timber for railway
purposes, and to draw attention to what appears to have been
passed over without sufficient consideration—the possibility of
turning to account the native woods hitherto believed to be useless.
At the same time, the general want of experience on these sub-
jects, and the great importance of more knowledge regarding
them, must be admitted. In India it is difficult for an Engineer
to profit by another’s experience. The distances are so great,
and personal communication is so rare, that it is not easy to obtain
accurate information beyond the immediate neighbourhood. Each
individual has to struggle against the same difficulties, to try the
same experiments, and to encounter the same failures. As has
already been remarked, if those in whose power it lies would
collect the experience of the agents of the different Railway Com-
panies in India, and would then generally communicate the infor-
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mation so collected to the agents, a saving would be effected to
Railway Companies in the cost of construction and of maintenance,
and, possibly, by the discovery that native wood sleepers might be
used with advantage, would secure for India all the good which
must follow the use of so large a quantity of her own products.!

1 The following extract from *The Times' confirms the statements in the fore-

guing paper :—
* Calcutta, Jan. 8, 1868.

« If I were asked what is at the present moment the most pressing of India's
wants, I should say, the want of timber. It is as difficult to realise this fact ina
country one-third of which is supposed to be covered with forests, as it was lately
to believe that our Eastern Empire is so under-populated as to render the immi-
gnﬁon of Chinese and others desirable. But the want of wood is more and more

‘clt every day, and the country is scoured by contractors cager to supply railways
and other public works. Take the one item of railway sleepers. {ndia is a
country where damp, dry-rot, and white ants consume the best sleeper in six years.
For the past ten years all over the country we have been busy in laying down
new lines, and all attempts to useiron or stone sleepers have proved unsatistactory.
‘We have still nearl{m&ooo miles to complete, besides the numerous feeders and
branches which are being constructed. é)reosoting has been tried, but it is doubt-
ful if that is of any advanmie. At this moment the railway might be open to
within 12 miles of Delhi right through from Calcutta, ins of only to Agrs, if
sleepers could be procured. And what will Government and the shareholders
say to the cost of renewing the sleepers, which, on the Calcutta and Delhi line
alone is estimated, at present prioes, at £130,000 a year? Except in Burmah,
where Lord Dalhousie strictly shut up the forests, so that now, under a
system of conservancy, they yield perennial supplies, we have cleared the forests
away wherever we have gone. Iudeed, the old rules for grants of waste land
insisted on a certain extent of clearing every year under pain of forfeiture. The
result is, that wood is not to be got in our own lerritories, unless in very inac-
cessible places, and timber from the north of Europe begins to figure largely in
our imports. Not only so, but by clearing away trees, especially on the sloping
ridges of hills, we have made the climate in some places rainless, and in others,
becuuse there is no belt of wood to catch and keep the periodical rain, the district
has become barren, just as Palestine is, and from similar causes. With some
degree of thoughtlessness, Lord Canning gave away to Sir Jung Bahadoor, of
Nepaul, our finest forests, whioh he has closely shut up as a hunting ground ; and
in another case, after the late Viceroy had promi a district, containing our
next best forests, to a Mussulman chief for loyalty in 1857, he had to submit to
the humiliation of asking it back when he found that there was no other well-
wooded tract in the North-Western Provinces.”

[Mr. Burt
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Mr. BUrT said, he was not prepared to hear so favourable an
account of the sleepers first sent out to India,—because they were
of the triangular form, cut from blocks 9 inches square, and there-
fore baving a sectional area of only 40 inches, and because the
same care was not taken in the selection of the timber, nor was it
so thoroughly impregnated with the coal-oil, as was now found to
be nec . From the commencement of the establishment of
railways in India, in 1854, down to the present time, timber sleepers
bad been supplied from this country, and a large portion of them
bad passed through his hands. The sleepers latterly used were of
the rectangular form, with a sectional area of 50 inches; the timber
was of a superior quality, and great improvements had been made
in the process of creosoting. The minimum quantity of creosote

enerally required to be absorbed was about 101bs. per cubic
oot ; but it was possible, with well-seasoned wood, to make it take
up even more than that quantitf'. Formerly, in the winter time,
creosoting operations were partially suspended, as it was found that,
at a temperature below 40°, the creosote coagulated to such an

extent as to render it almost impossible to force the preservative -

material into the timber. At present, by raising the temperature
to 120°, and applying a pressure of 120 lbs., and maintaining
both, so that all the time the timber was under pressure it was
kept at a uniform temperature, the process was so effectually
carried out that failure was nearly impossible. After an expe-
rience of twenty years, during which time he had sent about one
million and a half of sleepers to India alone, besides having
prepared many thousand loads of timber for other purposes, he
cou?:l‘r:afel assert that the instances of failure had been rare and
isolated. In those cases where decay had taken place, it had been
found on inquiry to be due, either to the operation not havin
been properly performed, or to the timber having been cut an
framed agzr being prepared. As a collateral proof that this mode
of preserving timber was considered satisfactory, he mentioned that
the process was now more extensively employed than at any former
riod, and that he had contracts in hand for the supply of nearly
a million sleepers.

The Author of the Paper recommended, that creosoting esta-
blishments should be formed in India; but he did not appear to be
aware of the late Mr. Rendel having already tried that experi-
ment upon an extensive scale, without success. A large apparatus
was sent out, complete in every respect; but the heat of the cli-
mate rendered the process so danigerous for the workmen, and the
cost of conveying the creosote from this country was so great,
owing to the risk of fire, that the attempt was abandoned. The
Author had estimated that sleepers might be creosoted in India
at a cost of about one shilling each. Mr. Burt however calculated,
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that, supposing the oil to cost in this country from threepence to
fourpence per gallon, and that one gallon was used for each cubic
foot of timber, and taking into account the expense of transit in
iron tanks, and the difficulty of carrying out the operation in India,
the sleepers could not be properly prepared for less than three
shillings and sixpence each.

A qyestion had recently arisen, as to the possibility of supplying
sleepers to India from Australia. An experienced agent had
been sent out to collect timber suitable for shipbuilding and for
railway sleepers ; and a cargo of timber was despatched from Aus-
tralia, but unfortunately both the ship and the cargo were lost on
the passage. From the information he had obtained from various
sources, Mr. Burt had arrived at the conclusion, that a supply of
wood for sleepers could not be relied upon from that quarter of
the world, at all events not as a profitable commercial speculation.
There was great difficulty in getting freights from the western

art of Australia to India ; added to which the Jarra wood was so

cavy, that the expense of inland transport would be a secrious
item. This wood weighed 64 lbs. per cubic foot, so that the
weight of a sleeper would amount to 1 cwt. 3 qrs. 15 Ibs., or nearly
three-quarters of a hundredweight more than if of ordinary timber.
It was also very hard, so that the conversion of it would be costly,
and when used in a hot climate, it was liable to ¢ shakes’ and to
split. Other Australian woods which had been tried had not been
found to answer so well as had been at first expected.

Mr. GeEorg: BERKLEY said he had sent out creosoted sleepers
to India; but, chieﬁ‘y)'aon account of the difficulty and the cost of
conveyance to Bombay, preference was given to the process of
kyanizing, as applied to the native jungle woods. -It was the
opinion of the late Mr. Robert Stephenson, that almost all the sys-
tems of saturating timber with essential oils, or with mineral salts,
for the purpose of preserving it, would, if well done, be more or less
efficient, and in that opinion Mr. Berkley entirely concurred.
Teak was the best kind of native wood for sleepers, and its cost
was about the same as that of creosoted timber sent from England.
There were, however, many descriptions of native woods which were
considerably less expensive. He was not at present prepared with
any facts, as to the relative durability of native wood and of English
creosoted sleepers ; but on some future occasion, he hoped to be in
a position to state the results of the comparative value of the
diﬂ%(:ant descriptions of sleepers used on the Great Indian Penin-
sula Railway.

Mr. James WALKER, Managing Director of the Madras Rail-
way, conceived that the Author was, from his position and expe-
rience, well qualified to give correct information on this important
subject. It might, however, be broadly stated that the native woods
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of that part of India had generally proved unfit for the purposes of
railway sleepers. The late Resident Engineer-in-chief of the line
was engaged, at the time of his death, in preparing a Report upon
the native woods. In the draft of that Report, Mr. Ross stated he
had been gradually brought to the conclusion, that with the excep-
tion of Teak, Erool, and Vengay, none of the woods of that part of
India were to be depended upon for sleepers. He believed most of
the Engineers who had experience in India coincided with that
opinion ; and the result was, that the use of native woods had been
in a great degree abandoned. Iron sleepers were now being re-
sorted to, and he thought they would ultimately be used on all the
Indian railways. With regard to creosoted sleepers, he agreed
that wherever the essential oil penetrated, the preservation of the
wood was complete ; but the difficulty was to insure thorough
penetration. If the heart of the timber was not completel
saturated with the creosote, it decayed, leaving a hollow whic
would sooner, or later be crushed in. With respect to the Jarra
timber of Australia, he might state that a trial of that wood was
made on the Madras Railway, and as far as durability was con-
cerned, it had proved satisfactory; but it was found, as had beén
stated, that it was very liable to shakes, and as in the case of Teak,
the high price of the timber prohibited its use.

Mr. CockBURN CuRTIS, having been employed under the De-
partment of Public Works of the Madras Presidency, prior to the
establishment of Railways in India,—had had some opportunity
of observing the effect of the climate upon the different kinds of
woods in use in that Presidency, and hence could form some esti-
mate, as to their probable duration when used as railway sleepers.
The woods of the Madras Presidency were naturally divided into
two broad classes,—those of a light spongy character, manifestly
unfit for the purpose, and those of a heavier and denser kind. Of
the denser, with the exception of Teak and one or two other woods
of a similar oily character, he was unaware of any which could
successfully stand the test of exposure; and even those woods

uired a free current of air, and the most careful periodical ex-
amination, to prevent the accumulation of moisture in the joints, or
other parts of a structure where the wet might be liable to lodge.
He also considered that it would be found very difficult to prepare
the denser kinds of wood by any of the ordinary modes of injec-
tion, and that upon after-exposure to the moist heat of the rainy
monsoon and the desiccating heat of the dry monsoon, it would be
found that the outer part of the sleepers would crack, as they did
in their natural state, and they would thus let the water into the
centre, and more rapidly promote its decay. He therefore feared
that the Author’s praiseworthy exertions, to render the natural re-
sources of the Madras Presidency available, and to afford increased

[1862-63. x.8.] : 8
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employment to the natives, would be unattended by the success
which they so decidedly merited.

It was probable that some of the woods found at Singapore
might be suitable for railway sleepers. The Chinese, who were
not bad judges of wood, were in the habit of exchanging the
masts and spars which they brought in their vessels from China for
others of Singapore woods.

Mr. SHEILDS stated, from his experience in the use of Australian
woods, that it was the custom in that country to cut down the
timber as it grew, to convert it into the required shape, and to use
it without any kind of seasoning, or preparation. It was not to be
supposed that timber, under such conditions, would, when exposed
to the burning sun of India, endure for any long period. He
believed that when properly seasoned, as all timber required
to be, by the use of some simple means of preparation, such as
immersion in water, or exposure, under cover from the sun, to a
current of air, Australian timber would be found as durable as
that of any other country : and he knew of none in any part of the
world which was equal to it in strength, or tenacity. It approached
inferior wrought iron in tensile strength, and possessed excellent
properties, if it was subjected to fair treatment. He thought more
might be done with Australian timber than had-been the case
hitherto, and he considered the use of it should not be abandoned
without further trial.

M. CoopE said, as reference had been made to the difficulty of
impreinating with creosote the denser woods of India, he might
state that eight, or nine years ago he had tried an experiment upon
Saul wood. The result was that at the first trial only about 21)!())3.
of oil per cubic foot were injected. The wood was then laid by,
and from the evaporation which took place in the course of a
fortnight, or three weeks, about half a pound in weight was lost.
On a second trial this half pound was again injected. The pro-
cess was frequently repeated with the same result; the piece
recovering only what it had lost in weight subsequent to the
last trial. The experiment, though on a small e, was suffi-
cient to corroborate what had been stated, as to the difficulty of
impregnating the denser woods with any considerable quantity of
creosote.

Mr. A. BRYCE remarked, that from his experience in the
use of Indian jungle wood for sleepers, he believed the re-
sources of the jungles, under a proper system of working and
organisation, would be equal to suppry all the demand that was
likely to be made upon them. In the case of the Madras Railway,
the sleepers were in the first instance supplied in small parcels by
native contractors ; but they were found to contain a great deal of
sap wood, which decayed in the first, or second year. That was,




SLEEPER WOODS, MADRAS RAILWAY. 259

however, entirely owing to the jungles not having been worked
under proper direction and superintendence. If that were done he
thought an immense quantity of fine timber, available for sleepers,
if for no other purpose, could be delivered at any part of the
Madras Presidency at a price of six shillings each sleeper, which
was less than their cost, if they were sent out from England.
As to the question of durability, he believed more extended ex-
perience in the use of the native woods was required, before a
satisfactory opinion could be formed upon that point. He agreed
with the Author, that the generality of the woods of India were
of too dense a nature to be submitted to creosoting, and that
they would with difficulty be rendered more durable by that
process.

Mr. JENOURE remarked, that the deodara cedar, which could be
procured in some parts of India, and which was stated on good
authority to be very durable, when constantly exposed to the wea-
ther, as bridges constructed of it had lasted five hundred years,
was omitted from the list of the native woods enumerated. He
doubted the policy of any artificial application to young and
green timber. It was acknowledged that young timber was the
best for creosoting, but it was an established fact, that natural
productions of all kinds used before their arrival at maturity were
deficient in lasting qualities. He urged the importance of selecting
timber of a proper quality and age, of felling it at the proper time,
and of paying close attention to its due and gradual seasoning
before it was used ; and he believed, that much of the failure attri-
buted to the native woods arose from neglect of these essential
considerations. Numerous examples of the durability of timber, as
prepared and used long before the days of creosoting, kyanizing,
or any other patent process, were to be found in old English wooden
houses which had stood for centuries.

Colonel SALE remarked, as the result of his experience in
Bengal and the north-west qrovinoes, that he believed there was
no necessity to go beyond India to procure wood suitable for
sleepers and for other railway purposes. As regarded Teak, Saul,
and Soondry, if these woods were cut down in a ripe and sound
condition, no artificial process was required for their preservation.
The process of injection was beneficial when the timber was young,
but when it had a good sound heart, it was not necessary, as it
would be as durable in its natural state as the inferior woods
when artificially prepared. In buildings, the wood was not so
much exposed to t§e action of the elements as it was in the case of
railway sleepers; but he had known Saul wood last for twenty-five
years without requiring to be renewed.

Mr. CHABLI:.S%REAVES said, upon the subject of the relative value
of wood and iron in the construction of the groundwork of Indian

s 2
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railways, he could confirm the opinion as to the great inferiority of
wood. It still remained a question, whether the creosoting process
could be beneficially, or at all, applied to the hard-grained woods
of India; but the majority of the woods of that country were so
full of moisture in their growth, were of so perishable a nature
from the effects of wet and dry rot, and wasted, shrunk, and
diminished so much under exposure to sun and air, after the satura-
tion they suffered in the wet monsoon, that a duration of three, or
four years was the utmost that could be expected. There were a
few descriptions of wood of an oily nature. Teak particularly par-
took of that character, and was unquestionably the finest wood of
the country. Saul somewhat reserabled it, but was harder and
heavier ; it was a very strong and serviceable wood, but would be
expensive for sleepers. The wood universally used for building
“purposes in Calcutta was Saul, for all beams, cills, door-frames,
rafters, &c.; whilst for ship-building Teak was as invariably em-
ployed ; but masts were sometimes made of Poon wood, from Sin-
gapore and the Straits of Malacca. The way in which European
woods were affected by the action of a tropical climate would sur-
prise any one who had not witnessed it. The strongest English
woods, when exposed, unpainted, first to wet and then to the heat
of the sun, lost their coherence and strength; just as willow, or
poplar did in this country. Saul timber, until it was very tho-
roughly dried, was heavier than water, and notwithstanding its
hardness and strenit;h, nearly resembling African oak, it was very
liable to the attacks of white ants. Ior these reasons and for
many others, which several years’ residence in Bengal, in active
practical work, had taught him, he was strongly in favour of the
use of cast iron, as by far the cheapest material for any work
intended to last twenty years. No doubt the jungle woods could
be made to absorb creosote, and their durability would be to some
extent increased, but the practice of the natives was sufficient
evidence, that they were only of use for the most temporary pur-

8es.
Mr. C. H. GrEGORY, V.P., was glad to hear the observations
which had fallen from Colonel Sale, ?or if they had not been made,
the Meeting might have lost sight of what he believed to be the
fact, that it was the condition in which the native woods were used,
added to the want of a proper selection of them, which had mainly
led to their being condemned. The use of unsuitable native timber
on some of the Indian railways was naturally explained by the
large and sudden demand for sleepers. It had been his duty to
investigate the character of the Ceylon woods, and their fitness for
railway sleepers, and having obtained the best information he
could, from the records of the Government Departments, and from
other sources, he found that there were certain hard woods of
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Ceylon, akin to those of India,—such as Satinwood, Millille, Iron-
wood, Jack, Gal-mendora, Ebony, and Paloo, which were exten-
sively used for the public works in Ceylon, and which, in respect of
duraﬂi]ity, had given great satisfaction. In dealing with this ques-
tion, all the woods of India ought not to be condemned, unless it
could be satisfactorily shown, that the best woods which the coun
afforded had been selected, and had been used in a proper condi-
tion. '
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No. 1,053.—* Description of the Drainage of the Borough of
Dundee.”! By Joux FuLton.

THE borough of Dundee, which is situated on the north bank of
the estuary of the river Tay, contains a population of nearly one
hundred thousand persons. Its police boundary includes an area
of about 6 square miles, and the value of its assessed rental is
not less than £218,000. Its docks cover an area of 30 acres,
and the annual registered tonnage of shipping entering and leav-
ing the port is 288,557 tons.
revious to the year 1851, the town of Dundee was in a very

defective condition, in a sanitary point of view. With the exce
tion of three, or four streets, it was wholly undrained, and the
sewage flowed on the surface of the streets and °closes,’ or it was
discharged into cesspools, having no other outlets than the surface
channels. There existed few places of convenience, and the sca-
venging was imperfectly performed. The consequences were a

revailing high ratio of deaths from typhus fever, and several out-
greaks of cholera, not to speak of numerous minor evils, all trace-
able to the same cause.

In the year 1851, by the vote of a majority of the ratepayers,
the town was brought under the powers of the General Police Act
for Scotland, which somewhat resembles in its provisions the
Health of Towns’ Act for England ; but although other sanitary
measures were then adopted, such as improved paving, cleansing,
&c., owing to a defect in the drainage clauses of the Act, whigl
had to be amended by Parliament, the sewerage of the town was
not commenced until the year 1856. It has, however, progressed
steadily, year by year, since that date, and, with the exception of a
few minor details, it is now completed. The work has been five
years in progress, and has cost the sum of £52,000, which is only
£2,000 in excess of the estimated amount.

The site occupied by the town is slightly embayed. 'The sub-
stratum on which it rests is for the most part composed of trap
rock ; but at the east end of the borough, this merges into sand-
stone. These rocks are generall found near to the surface, and
in some places they project above 1t ; this occurs more particularly

1 The discussion upon this and the following Papers occupied portions of two
evenings, but an abstract of the whole is given consecatively.
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in the centre of the town, where at a not remote period, the fort,
or castle of the town, occupied one of these eminences near the
river, and about 50 feet above its level. Surrounding the castle
rock for some distance, and extending at a right angle from the
river about 1,000 yards, the substrata are clay, silt, and water-
rolled gravel. The clay contains many indications, such as
branclies, leaves, nuts of hazel, &c., of having been deposited in
water ; and the fact of this portion of the surface being very flat,
and only slightly elevated above the sea level, tends to prove that
it was at one period an inlet of the river. The ground extending
inward from this basin, or level tract, rises rapidly, the gradient
of several streets being 1in 7. The highest portion of the town
has an elevation of 300 feet above the mean tide level; but the
‘law,” or hill immediately behind the town, rises at a still steeper
slope to an elevation of 570 feet, and forms a prominent object in
the landscape.

The town was at one period surrounded by a wall, and that
Eortion is closely built, with narrow and crooked streets. The

ouses are crowded into courts and passages, and many of the
latter, not more than 6 feet in width, have houses on each side,
three, or four stories high. In both the old and newer portions of
the town, the houses are almost without exception built of sand-
stone, the walls being of great thickness and weight. The public
works, such as mills and factories, are also stone erections; the
chimney stalks alone being built of brick. These particulars are
given merely to illustrate the nature and difficulty of the work
under consideration.

It has been stated, that three, or four sewers existed, previous to
the commencement of the works here described. One of these,
which was constructed by the Harbour Trustees to intercept the
drainage of the town and to prevent it from entering the docks, or
the tidal basins, extends the whole length of the harbour, about
1,600 yards, and runs for the greater part of its length nearly parallel
to the river. It has a fall of 1 in 400, and its avell;:?e epth is
15 feet. Its discharging end is 21 feet below the surface level of
the quay, or 8 feet below the level of mean tide. It is built of
substantial rubble masonry, and is of rectangular form, its dimen-
sions being 7 feet in height, by 3 feet 9 inches in width. This
sewer forms the chief outlet for the drainage of the town, including
the sewage and flood waters. The entire surface drained by 1t
has an area of upwards of 1,000 acres. The sewage discharged
by it, in dry weather, measures 2 feet in depth, and during storms
6 feet. The velocity in the former case is 65 feet per minute, and
in the latter 116 feet per minute. There are two other outlets,
one of which drains a suburb containing a Bgopulation of about
4,000 persons; the other is required for flushing purposes, and
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acts as a relieving sewer during floods. They measure respec-
tively 3 feet 6 inches by 2 feet 3 inches, and 4 feet 6 inches by
3 feet, and, in section, are of the egg form.

A line of railway extends along the river margin for several
miles above and below the town, which effectually deprives the
population of alx use of the stream for bathing. But one redeem- -
ing feature of this evil is, that it permits the sewage to be dis-
charged at once into deep water, and thus prevents a nuisance.

In designing the drainage under consideration, one primary
object kept in view was the application of the sewage to some
useful purpose. Accordingly, the whole drainage, so far as was prac-
ticable, has been carried to one point, the outlet first referred to.
It is proposed to form a well near the junction of this outlet with the
river, and from this by steam power to lift the sewage and force it
through cast-iron piﬁes 12 inches in diameter, to the sands of
Barry, a district on the shore of the estuary, about 7 miles below
Dundee, and there to apply it in the liquid form as at Edinburgh.
The Dundee and Arbroath Railway runs in almost a straight and
level line between this outlet sewer, and the tract of land 1n ques-
tion, the improveable portion of which is not less than 2,000 acres;
and as it is of a level character, the formation of embankments
through it, for conducting the sewage, would not be expensive. This
land 18 on the estate of Panmure, the property of the Earl of
Dalhousie, and it would be for his interest to carry out this scheme
to completion, as the return from it could not fail to yield a hand-
some profit, the land at present being comparatively valueless.
The sewage of the town is in the meantime allowed to flow
directly into the river, and is thus lost. This is, however, the
utmost extent of the evil, as it causes no nuisance, being speedily
dissipated in the stream, which is upwards of a mile in width oppo-
site the town ; and the point of discharge of the chief outlet sewer
is more than 400 yards from any dwelling. -

The drainage has been carried out by a combination of brick
sewers and salt-glazed, fireclay, socket-pipes, of dimensions suitable
for the discharge of the sewage and the flood waters together. The
brick sewers, which are all of the egg-form, are confined to the
leading thoroughfares: their dimensions are respectively, 3 feet
by 1 foot 10 inches, 3 feet 6 inches by 2 feet 3 inches, 4 feet by
2 feet 9 inches, and 4 feet 6 inches by 3 feet. The diameters of
the pipe sewers are, 9 inches, 12 inches, 15 inches, and 18 inches.
The leading thoroughfares converge to a point in the centre of the
town, and, as already explained, this has been taken advantage of
in regard to the main outlet. The streets drained by tubular
sewers are chiefly those at right angles with the river, which are
the steepest, and therefore the most suitable for tubular drains.
The joints of all the tubular sewers have been made with clay.
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The average depth of the sewers is 12 feet, which was cunsidered
ne in order to secure prosler drainage of the cellars. The
surface levels being very irregular in many places, the depths of
the cuttings consequently varied, the smallest depth (which was in
trap rock) being 7 feet and the greatest 21 feet. The deepest cut-
ting in trap rock—19 feet—occurred in the centre of the town,
across the base of the Castle Rock.

The total amount of rock excavated was 24,000 cubic yards.
The greater portion of this had to be removed by means of
gunpowder ; and although in most cases the work was done in
narrow and crowded lanes and streets, no serious injury occurred
to persons, or property. It was even found necessary, in some
cases, to use gunpowder inside dwelling-houses, in the formation
of branch drains, mt by proper precautions, such as the selection
of cautious and intelligent workmen, using only small quantities of
gunpowder to each shot, and carefully covering and loading the
rock, casualties were prevented. The contractors were paid for
excavating this rock by measurement as it occurred, and as an
extra, per schedule price. Running sand occurred in many places,
and occasioned much trouble and expense. In one lane not more
than 9 feet wide, with ponderous buildings on each side, having
their foundations near the surface, a bed of this sand was found at
the depth of 9 feet. The sewer was in this case of large dimen-
stons, and 12 feet in depth, but by shoring the buildings, and
using cofferdams, all injury was prevented. It was, however,
found requisite in this and many other instances to leave nearly
the whole of the timber lining in the trench. The sums paid to
the contractors on this account have consequently been very heavy,
the total amount being £3,600 ; but this includes the timber used
for supporting gas and water pipes. In several streets, where the
strata were sufficiently solid, tunnelling was resorted to; but this
was found unsatisfactory, and was soon given up, because of the
uncertainty of securing thorough consolidation of the spaces having
to be ﬁlle({ up over the arches, or pipes.

The numerous gas and water pipes were a source ogufreat
annoyance. In the older portions of the town, more particularly,
these were found to occupy the centres of the lanes and streets,
which, as already stated, are for the most part narrow and crooked.
‘There being, moreover, three Companies having distinct mains and
branches, and in some cases two sets of pipes, the difficulty may
be conceived, and indeed the danger of constructing any kind of
drain under such circumstances. It was found absolutely neces-
sary in some instances to remove several of the pipes for a time, or
germanentl , and the cost of this, as well as of the unavoidable

reakage o pi})es and loss of gas, has been very considerable—the
total amount claimed by the Companies being upwards of £1,100.
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The contractors, being held liable for all damages, have paid the
Ereater portion of this amount; the Commissioners of Police

aving only borne the expense of the alterations of the mains.
Ample allowance was, however, made to the contractors for
timber supports to these pipes. Many of the pipes were found to be
in a frail condition, and their contents escaping into the houses
caused considerable injury to persons and property.

The leading, or intercepting sewers have been made from
12 inches to 18 inches deeper than the lateral' and branch drains,
with the view of preventing the ends of the latter from silting.
This has been found to be a wise precaution, as in those sewers
possessing little fall, sand speedily accumulates. The quantity
of sand, and the time in which it is deposited, are, however,
materially influenced by the quantity of water passing through the
sewers, and up to a certain point it may be, and is, entirely pre-
vented by a proper system of flushing. This point commences
with a fall of 1 in 600, the earthy and more solug(l)e matters being
then carried off by the ordinary rain-fall and sewage; but a
deposit of coarse sand is left behind in all sewers having no greater
fall than this It is not apprehended that much annoyance will
arise from this source, as none of the sewers have a fall of less
than 1 in 700.

Manholes with brick walls 9 inches thick have been carried up
to the street level, from both the brick and the pipe sewers.
They bave been placed at the junctions of the leading and lateral
sewers, and at intervals of 40 yards along each sewer. They are
provided with covers of cast iron, having frames 8 inches deep
to suit the paving stones of the streets, and grooved lids hung on
wrought-iron axles. Projecting bricks are built on opposite sides
of the manholes to serve as ladders, and they answer this pur-
pose very well  In the pipe sewers the manholes are extended
on each side, to give room to the workmen when cleansing the
sewers. The use of these manholes will be explained in describing
the sewer-cleansing apparatus.

The junctions for the house drains and gullies were built into
the sewers, as the work proceeded. They consist merely of the
ordinary socket pipes, with bevelled ends to suit the form of the
sewer. A flat stone is placed on the exterior end of each pipe, until
it is required for use, to prevent earth, or sand, from fa]ling through
into the sewer. In the case of tubular mains, socket junctions,
having an acute angle, were {)la.ced at intervals, or where they were
required for branches, or gullies, and their positions were defined
by marks made on the walls of premises at right angles from them;
and in addition, a register of all branch junctions is retained in
the surveyor’s office, describing their depths as well as positions,
and the nature of the strata to be excavated.
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The brick sewers are all provided with invert blocks of
glazed fireclay, 2 feet 6 inches in length, and have walls and
arches 9 inches thick, the latter being turned with two rings
of half brick. Where the sub-strata were of a wet, or yielding
nature, it was found necessary to prepare a bed of concrete for the
reception of the invert blocks ; and where the sewers were subject
to the influx of the tide, the side walls were built in Roman
cement. The form of the brick sewers is shown in Fig. 2, page 10.

The gully drains are placed at intervals of from 30 yards to
60 yards agart, the steepest streets having them closest together.
They are for the most part made with faucet pipes, 6 inches in
diameter ; the streets in the lower, or level portion of the town
baving pipes 9 inches in diameter.

The %ases of the sewers are prevented from escaping through
the gullies, by valves made of stone, hung with copper links,
on one side of a small cesspool (Fig. 1). The bottoms of the

Is are 10 inches below the fower

sides of the valves; by this means all heavy &y~
matters, such as sand and stones, are pre- :
vented from entering the sewers. These
gully drains are meant for the reception
of rain water only; the cesspools being
cleansed weekly by the scavengers, during
the prevalence of wet weather. This form
of gully has been found very suitable in
Dundee. A few water traps were at one
time in use, but owing to the constant flow of hot water through
the sewers, from the spinning mills and other works, they soon
dried up and became useless. The valves on the contrary meet
all contingencies. They freely pass the flood waters, and the
cesspools retain all the heavier particles of road detritus.

The branch drains, where they are connected with the sinks and
water-closets in houses, have no other traps than those of the
syphons which are placed in immediate contact with the sinks or
water-closets. These are found to answer every purpose, and any-
thing additional would be superfluous. Many persons are under
the impression that more than one trap on a drain is requisite, a
cesspool being considered by them indispensable. 1t will be
found by experience, that cesspools, on drains of this kind, create
rather than remove a nuisance, and that there is in reality no
nuisance to remove, as one trap only, if properly constructed and
applied, is perfectly sufficient to prevent the escape of all
emanations gm sewers. 'This trap ought always to be placed
as near the sink, water-closet, or grating used for the reception
of soil water as possible, and in such a position as to be easily
accessible for cleansing, or for repair. Another reason against the
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use of cesspools, except as now recommended, is that they retard
the flow of the sewage in the drain, and cause it to become choked.
Thebranch drains have in all cases been made with glazed stoneware,
or fireclay socket pipes, from 4 inches to 12 inches in diameter. In
back courts and , and for the use of the working classes,
stone basins, with gratings of cast iron, containing water-traps,
have been provided, and where many tenants use one basin, an
additional grate is placed over it, to prevent its misuse. It was
found in several instances, that the branch drains were choked by
the tenants lifting the gratings, and throwing into the basins
ashes, fish offal, and other unsuitable matters; but this has been
entirely prevented by an additional fate of wrought iron, 12
inches square. The total number of house drains made, up to
December, 1861, is on¢ thousand eight hundred : many of these
branches drain passages and courts serving a numerous popula-
tion.

The town is supplied with water on the %rinciple of gravitation,
by a Company established by Act of Parliament; and this
Company has received, as one of the effects of the drainage
operations, a considerable addition to its income, in the form of
water rents. The owners of property, having in many places no
means of getting rid of waste water, had neglected to provide
their tenants with any water supply, and they were consequently
under the necessity of purchasing it in small quantities, as sold at
stated intervals by the servants of the Company from their
hydrants, or of begging from their more fortunate neighbours,
or what was too frequent, they were compelled to use water taken
from the street channels and open water courses, for washing their
clothes, for which it was quite unsuited. This state of matters
no longer exists, as in nearlg every case where a branch drain
has been constructed, a branch water pipe has been laid, and the
reqruisibe tap been provided.

he water supply being in the hands of a Company, it was
needless to think of flushing the sewers from this source, as the
expense would have been too great. This led to the adoption of
the only other mode of flushing available, which was to intercept
the sewage at any suitable point, by means of a cast iron gate,
and to turn it into any sewer, or special series of sewers. gil'he
various levels have been taken advantage of for this }mrpose, and
by means of a series of gates of this description placed at the
junction of the sewers, Fig. 2, and immediately under manholes,
iving ready access to them, the greater portion of the sewers have

n rendered self-cleansing. As already explained, it is found,
that in sewers ha ving little fall, say 1 in 600, there is a tendency
to the accumulation of sand, and in pipe drains with even greater
fall than this, where the ordinary house drainage only exists, sand
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also accumulates. This occasioned the invention of a cleansing
apparatus to be hereafter described. The flushing gates are only

Plan and Section of a S8ewer at a Junction.

15 inches deep, and they answer the purpose of overflow weirs,
preventing the sewers, during floods, from being subjected to pres-
sure, by allowing the surplus contents to flow into subsidiary outlets,
and thus equalizing the flow of water. It has been proposed by
some Engineers to provide two separate lines of sewers, the one
for rain water and the other for soil water; but it is suggested,
that the above particulars prove the impolicy of such a system,
as without rain water, unless with very steep gradients, the sewers
would soun silt up. This is only one objection out of many that
will readily occur, such as the great additional cost, the difficulty
of providing two sewers in narrow lanes, and of gaining access to
them, &c. It has also been proposed to use tubular drains under
pressure; but this is believed to be a fallacy, as stoneware, or
fireclay tubes will only bear a limited amount of pressure, and the
Roman cement joints would bear still less. Again, if drains of
any kind are to be put under pressure, how can their contents be
prevented from rising through the branches into the cellars, or
other places drained into them, and how are those cellars to be
drained ? 'These questions must be satisfactorily answered, before
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any attempt is made to apply a general system of ¢ head’ pressure
to sewerage.

The whole of the sewers within the borough are provided with
manholes, or entrances carried up perpendicularly from the arch
of each sewer, and at intervals of 40 yards. When a sewer is to
be cleansed, a windlass containing about 45 yards of iron chain
is cilaced over each of two adjacent manholes; a series of rods
each 4 feet in length extending to 40 yards, and composed of
iron tubes (for lightness), with screwed ends fitting into each
other, is then put together at the bottom of the manhole, and
is pushed by hand to the next manhole, where the rods
are again unscrewed as they are drawn through. The chain
being attached to the last rod is by this means carried along the
sewer, and affixed to the cleansing tool in connection with the
other chain and windlass. Horizontal and vertical bars of iron
with clamping screwed-slides to suit any size of sewer are then
fixed, the vertical bars having iron pulleys on their lower ends
with hinged openings through which the chain is passed. As
the matter to be removed from the sewer usually consists of hard
sand, a tool is first attached to the hooks of the chain, in order to
plough, or break it up. When this has heen sufficiently done, a
scraper is next drawn through. This scraper is formed of strong
plate iron, and is furnished with small wheels, on moveable axles,
on its lateral and lower edges. It has usually to be drawn back-
ward and forward several times before the required cleansing is
complete. The stuff removed is taken to the surface in buckets
by the windlass, or by hand-ropes.

The cleansing of tubular sewers is somewhat different. In this
case the manholes are enlarged underneath, to give room to the
workman, and also to admit of the pulley bars being properly
secured. The jointed rods require to be forced through the sewer,
by the aid of the windlass and chain and a strong pair of pincers;
and they are vemoved from the next manhole in a similar
manner, or are carried farther into the sewer, as may be re-
quisite. The scraper for pipe sewers does not require wheels;
but to Xrevent its adhering to the end joints of the pipes, it is
provided with fenders composed of rods of wrought iron passing
over its edge, and terminating in a ring at each end.

The cost of cleansing sewers by this mode is on an average : —
For tubular sewers, one penny, and for brick sewers, two pence
per lineal yard.

No sewer has hitherto required to be cleansed oftener than
once in twelve months ; and those sewers requiring this service are
chiefly such as have not, from their shortness, a sufficient flow of
water to keep them clear of silt.

Under-ground cellars near the level of high tide, or the water-
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run of the public sewers, and baving branch drains into the latter,
have in alfcases been provided with self-acting flap valves of
polished stone, similar to those used in the gully drains. These
valves, when properly constructed and applied, are excellent safe-
guards against the flooding of cellars by storms, or by high tides.
The stones used in their construction have a fine grain, and this,
with an overlap of 2 inches on the opening, properly polished and
adjusted, resists a considerable head pressure, and remains per-
fectly water-tight. The brickwork surrounding the valves (which
are placed at the entrances of the drains) is in all cases built in
Roman cement. These valves are only meant for occasional use,
as if they were constantly closed by head pressure, the drains on
which they are placed would be of no service.

The ventilation of sewers is a subject which has been much dis-
cussed, and apparently to little purpose. But as this Paper is
merely meant to convey a description of a work actually accomn-
plished, and not an essay on what might be done, it will only be
necessary to state, that no ventilation whatever has been applied to
the sewers in Dundee, and farther, that none is contemplated.
No complaints have been made of bad smells issuing from the
drains, nor are they likely to be made, as owing to their form
of construction, the smallness of the dimensions, and the mode of
flushing adopted, there cannot be any generation of gases from
putrid matters retained in the drains, as all such matters are
carried rapidly through them to the river, and thence to the sea.
It is not denied that gases do to some extent exist in the sewers ;
for it is known that, irrespective of any other source, the mains and
branches of the gas companies contribute their quota by their
ordinary leakage, and the sewage must exhale noxious vapours in
its passage through them. But the gases are not present in such
volume as to overcome the ordinary traps, and they are carried off
frequently by the flood waters. m’—lzhe onl’i~ deposit habitually left
in any of the sewers, or drains, is sand. This, on being taken up,
emits no perceptible odour, and when closely examined, has all the
appearance of ordinary river sand. It is only where sewers are
badly constructed, as regards their form and water-run, that putrid
matters are retained in them to poison the surrounding atmo-
sphere, and to bring disgrace on the very name of drainage. No
sewer under 10 feet in perpendicular dimensions ought to have an
invert greater than 9 inches radius, and 6 inches is quite large
enough for the radius of the invert of any ordinary sewer. When
the sewage is confined to such a small compass as this, its scourin,
fower is very {eat, and if care be taken to have the invert bloc|
aid in a straight line, with such fall as may be available, it will be
found that, although the fall be slight, little silting will take place,
and that it will consist of sand only. No ventilation is, therefore,
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requisite with well-constructed sewers. It is only where the scour-
ing effect of the sewage is lost, by constructing sewers with flat
bottoms, that such is needed.

The Proportion of brick sewers constructed, to that of tubular
sewers, 18 as one to two, the total length of the former being
10 miles, and of the latter 20 miles; and their cost is nearly as
one to three, the average of the former being thirty-three shillings,
and of the latter thirteen shillings, per lineal yard.

There being an abundant supply of excellent sandstone in the
immediate vicinity of Dundee, it was at one time contemplated to
build the larger sewers of this material ; but on calculations being
made, it was found that, unless with a very coarse description of
rubble-work, the cost would be greater than that of brick-work,
and that the work could be much more expeditiously carried out
with the latter than the former; also, that the streets being
narrow, they would not well admit of wide trenches to receive the
thick walls required for masoory.

The drainage of the town having been so recently completed,
sufficient time has not yet elapsed to judge of its effects on the health
of the population ; but it may be stated that, so far as can be
ascertained, a decided decrease in the rate of mortality, as com-
pared with former years, has taken place. One beneficial result
of the work, however, is apparent; this is a general tendency of
the people to more cleanly habits than formerly prevailed.
Drunkenness and crime have diminished«to a considerable extent;
but this may be owing partly to other causes, which need not be
mentioned here.

The Paper is illustrated by three drawings, from which the
woodcuts, Figs. 1 and 2, are taken.
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No. 1,064.—* Description of the Sewerage and Drainage Works,
of Newport, Monmouthshire.”' By ALFRED WILLIAMS, Assoc.
Inst. CE., F.GS.

THE borough of Newport, Monmouthshire, which now has three
thousand six hundred and ninety-five houses, and a population of
23,248 persons, extends over an area of 950 acres. It is situated on
the River Usk, which discharges itself into the Bristol Channel about
3? miles below the southern extremity of the borough. A portion
of the old town is built on the hill of Saint Woollos, crowned by
the parish church, the base of which is 174 feet above high water.
This hill is of the old red sandstone formation, but a very large
proportion of the borough is on the flat alluvial deposit through
which the river channel passes, the natural surface being about the
level of high water of ordinary spring tides. The portion of this
surface occupied by houses has been raised artificially with ballast,
&c., the largest owners of building land,—the Tredegar Wharf
. Company (under the liberal management of Mr. Samuel Homfray,)
—having persevered in carrying this out. Many of the cellars of
the town are several feet below the level of high water at spring
tides.

Newport being one of the principal shippi rts of a lar
and w:glothy mlilngeral district, I1)3 intl:;secbegpil:lg tS.I0 directions by
ra.ssenger and mineral railways, which cross the streets on the
evel. Within the borough there are about 5 miles of railways
belonging to Public Companies, exclusive of innumerable branches
to wharves, &. The Monmouthshire Canal runs through the
town for about 1} mile to the dock, which occupies an area of 12
acres, with an entrance lock 220 feet long by 61 feet in width. The
principal part of the trade, however, is carried on at the river, where
the wharves extend for upwards of 2 miles along the western, or
right bank. The river, at the upper part of the town, is 450 feet
wide at high water spring tides, and has a sectional area of about
12,000 feet ; at the lower part of the town it is 900 feet wide, with -
a sectional area of about 26,500 feet. The rise of the tide in the
river, at ordinary springs, is about 35 feet, and at extraordinary
springs about 40 feet, and occupies only five hours, the current
being necessarily very rapid. High water of extraordinary spring
tides is 1 foot, and o: dr-i)ina.ry springs 6 feet, below the coping of

'} The discussion upon this and the preceding Paper occupied portions of two
evenings, but an abstract of the whole is given consecutively.
[1862-63. N.8.] T




274 DRAINAGE OF TOWNS,

the dock, at the entrance lock. High-water of ordinary neap tides
is 17 feet below the same coping.

The town is efficiently supplied with water by a Company, the
works for which were executed in 1847 and 1848, under the
direction of Mr. James Simpeon, Past-President of the Institution.
All the water, excepting that for the very high part of the town,
is supplied by gravitation.

Before the construction of the Sewers, which form the subject of
this Paper, several miles of sewers and drains had at different
times, during a long series of years, been constructed by Local
Commissioners, landowners and others, on the western side, or right
bank of the river, where nearly all the town stands. These for
the most part were of rude design and rough material ; many of
themn were small and square, and others were merely a rough stone
-arch over & ditch, without any invert. In many cases they were
built to preserve the old watercourses and field ditches, without
regard to the intended street lines, or to the buildings subse-
quently to be erected over them; consequently they often passed
obliquely under houses and gardens. Some of the old sewers
were, however, found to be substantially constructed, and with
suitable falls, although they had not been laid out on any general
gystem of levels. e later works were egg-shaped brick sewers,
constructed where most urgently required, under the direction of
the Author, in some cases with the sanction of the General Board
of Health, and all arranged with a view to more extensive works.
Many of the houses over, or near the old sewers, drained into
them, but in the larger portion of the town cesspools were neces-
sarily used. These old sewers, which varied in height from 1 foot
to 4; feet, discharged also a great portion of the land and surface
water, the remainder running direct into the river, canal, dock,
&c. There were nine open outlets into the river, varying in level
from 54 feet to 129 feet below high water of ordinary sprin
tides; and the tide flowed up the sewers, and sometimes ﬂoodeﬁ
the cellars and basements.

In 1856, the Author was instructed by the Local Board of
Health to prepare ‘ An efficient plan for the drainage of the
borough, with estimate of cost of same, using, where possible, exist-
ing drains and outlets, with a view to a sound practical and
economical system.” In accordance with these instructions a
carefully considered scheme was prepared, which received the sanc-
tion of the General Board of Health, and (with the exception of
the cleansing and repairs of old sewers) was executed. e Plan
of Newport which accompanies this communication, taken from
that submitted for approval to the General Board of Health,
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shows generally the direction, &c. of the existing and proposed
sewers.

The design was so arranged :—1°. That the outlets were to be
reduced from, nine to four, by intercepting sewers, (necessary for
the drainage of the districts through which they pase) ; power being
retained to use the abandoned outlets, without additional works,
should circumstances require it. 2° That the sewage of two-
thirds of the town might be brought to the lowest outlet down the
river, near the extremity of the borough; and by a further expen-
diture, if events should justify it, the greater portion of the
remaining third might be brought to the same outlet. This was
a new one, selected at a suitable point for the distribution of the
sewage matter in a liquid form, or for its conversion into solid
manure. 3° That the gradients were general(lg' favourable, con-
sidering the level of the great portion of the district, the flattest
inclination of any new sewer being 1 in 488 near the lowest outlet,
and nearly balf the entire length of new sewers being steeper than
1in 100. 4°. That no cost would be incurred in works, or for water
for flushing ; the plan being laid out so as to take advantage, for
cleansing purposes, when required, of the land-water and the waste-
water from the canal, and from ponds, feeders, &c. in the town, and
water being also obtainable, on an emergency, from the waterworks,
at any point.

In an aqueduct for supplying the dock with water from the
Ebbw, constructed shortly be¥ore the new sewers, by arrangement
with the Dock Company’s Engineer, iron inverts, with openings,
were inserted at two points over the sewers, so that water might be
obtained for cleansing them : other provisions were also made in dif-
ferent parts of the town. Fora considerable portion of the sewage,
a choice of two, or three outlets is provided, which may be useful
in case of cleansing, &c.; the only work necessary for altering the
course of the water, or the sewage, being the use of a few moveable
doors, or

In a Report to the Local Board before the execution of the
works, further details are given, but generally they are only of
local interest.!

The general plan comprised about 7 miles of new brick sewers,
varying in heig%t from 14 inches to 4 feet 6 inches,—all above
14 inches being egg-shaped and narrow at the invert—with outlet
works ; a sufficient number of entrances with ventilating shafts;
and street gullies; the contract for which was let to Mr. John
Phillips, and by him successfully executed, under the direction of

the Author. The plan also included the cleansing and repairing

3 A printed copy of this Report is appended to the Paper. 9
: T
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of some of the old sewers which were to be retained, and a con-
siderable extent of new sewers, which the Author was instructed
to make for the owners of land not yet built on.

As regards the objection, which will no doubt suggest itself,
to the course determined on by the Local Board of Health, (but
to a considerable extent modified by the Author,) of using
numerous outlets into the river within the borough, it must be
observed, that the case of Newport is an exceptional one; the size
of the river and the extraordinary rise of tide rendering the amount
of sewage matter discharged into it comparatively insignificant.
If, however, any present, or future discovery should prove sewer
water commercially valuable at Newport, the objection will be still
further weakened.

Qf the four outlets necessary to the present m, two are old
outlets, where a large quantity of land-water 18 discharged : for
the remaining outlets, two points were selected which were suitable
for the utilisation of the sewage, (if that should be found profit-
able,) and not near any houses; where the sewage water would
have a short and steep run into the stream at low water; and
where only short lengths of pipes would be required, should they
be found necessary. The levels of the cills of the new outlets
are 9°8 feet and 12° 6 feet, and of the old outlets 8°8 feet and
12- 6 feet, respectively, below high water of ordinary spring tides.
When the outlets are closed, the sewers have for a time to act as
reservoirs ; but no practical inconvenience is found to arise from
this, as means of ventilation are provided. The outlet valves
were made by Messrs. Burton, Sons and Waller, of Southwark.
The valve is formed by an iron disc, suspended loosely by chains,
but when the tide rises it fits closely against a raised and planed
surface on the iron work which is fixed in the masonry of the
wall, the opening in most cases being smaller than the sewer.
These valves are found to answer well ; and although at extra-
ordinary spring tides, there is a rise of about 17 feet above the cills
of two of the outlets, and 6 feet above some of the lowest floors
and cellars, no inconvenience is complained of, and the houses
and cellars remain dry.

The sizes of the sewers were arranged to suit the quantity of
sewage and water to be carried through them, as well as the rates
of inclination, and other circumstances of the locality ;
being had to the advantage of making them sufficiently large for
a man to pass through, where it could be done without an
unjustifiable outlag.

In approving the desfzﬁn, the General Board of Health called
attention to the successful working of stoneware pipes for sewers
at * Salisbury, Sherborne, Southampton, Gloucester, Woolwich,
Manchester, Carlisle, Rugby, and many other towns;” but the
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Author considered it unadvisable to use them as main sewers in
Newport, having regard to all the circumstances of the town, the
existing works, the relative cost of brickwork and pipes, the quantity
of debris washed from the roads into the sewers, as well as the dif-
ficulty of preventing improper interference after their construction,
&c. In Newport all the roass are macadamized, the extent of private
streets ot repaired, or cleansed by the authorities, being consider-
able; and where the clearing of gully cesses is neglected, crushed
stone and other matters into the sewers. The sewers have
often been broken into, without the knowledge, or consent of the
Local Board of Health, and if the labourers employed to do such
work were to break a pipe, the probability is that the trench would
be filled, and nothing would be said about the matter, until its ef-
" fects became apparent on the house drainage of the neighbourhood.

The danger o}) such an occurrence as this would be mu:g\ increased,
if the system of ‘back drainage’ (where pipe sewers are carried
for considerable distances through private courts, gardens, &c.)
were adopted. 'The cost of brick sewers, as compared with pipes,
in Newport, may be thus stated. Brick sewers 14 inches diameter,
and 4} inches thick, and 10 feet deep, under the Newport
contract, with radiating bricks specially made, and a junction pipe
inserted for every house, cost complete 7s. 7d. per lineal yard.
This is about the same as a pipe {’2 inches diameter, well laid,
with junctions, would cost. Sewers 2 feet 6 inches by 1 foot 10
inches of brickwork 4} inches thick, similarly constructed, with
junction pipes, and large enough for a man to pass through, at the
same depth, cost 11s. per lineal yard. Excepting for small sewers
under 12 inches in diameter, brickwork is, in Newport and in many
other localities, cheaper, as well as more permanent, than gres.
The Author has found, in practice, great advantages in dealing
with sewers constructed large enough for a man to throu%h,
if necessary; and although from time to time he has carefull
weighed the advantages and disadvantages of pipes, he has most

uently constructed and recommended brick sewers, not less

than 2} feet h'ﬁh, for all important lines, excepting where the fall is
very great. He has generally confined the use of pipes to house
drainage, for which they are admirably adapted, to short branch
sewers on steep inclinations, and to conduits for fresh water. In
the district of the Christchurch Local Board of Health, which was
drained by the Author, several hundred yards of pipes were laid
parallel to one of the brick sewers, to convey fresh water for the
use of a few houses.

The subjoined Table will, with Plate 4, show generally the
sizes, thickness, and cost of the Newport Sewers, all excepting
the first being egg-shaped : — '
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" Internal Dimenstons. Quantity Cost per
No.of | of Brick- Average | Linesl
; | Tolekoessof Brickwork. | work per  Depthof | Yart

| Helght ! Widh. | e | Cuteine. o
L] E ] e Coe el met 14 %
2 ‘ 2 6 l 110 ' 44 | 9 10 1014
3 26 110 6 128 | 10 1810
4 ! 8 0| 2 2 | 4}in with 9in. inverts 14 ' 10 |15 0
5 30|22 All 6in. 143 | 10 |15 6
6 | 80| 22| GinwithOininvets | 17 | 10 |17 2
7 180 | 22 All 9in. 2% | 10 |22 0
8 | 4 68 | 8 0 |9in exceptingcrown 6in. | 274 | 124 [28 1
9 | 46|30 9 32% | 13} | 5
10  ¢46 |36 | 9 38 | 1 35 0

The prices of the sewers up to, and including, 3 feet by 2 feet
2 inches are given for an average depth of 10 %eet, for the pur-

of easy comparison, though many of them were laid deeper.
’ﬁ: depths of the sewers 4 feet 6 inches in height are the average
of excavations actually made, the greatest %epth being about
20 feet. The cost of the brickwork in mortar was 18s. per cubic
yard for 9-inch work, 18s. 6jd. for 6-inch work, and 19s. 1id.
for 4}-inch work; the earthwork cost about 1s. 4d. per cubic
yard. A copy of the quantities and of the form of tend‘:', which
the Author arranged carefully, and found very useful in prevent-
ing trouble and disputes in the settlement of the contract accounts,
is appended to the communication.

e brickwork was generally laid in mortar, com of blue
lias lime and clean sharp sand, in the proportion of 1 of lime to
'}tor 2 of sand, well mixed with water in a mill, and used fresh.

e external surface of the crown of the sewers was coated with
mortar about half aninch thick. Cement was used in some places
for the brickwork and concrete for the foundations.

Before selecting the bricks for the work, a close, and in some
cases a chemical, examination of the bricks obtainable was made;
and it was ultimately arranged to ure machine-made bricks
from the works of Mr. Tuckett, of Shirehampton, near the mouth
of the River Avon, below Bristol, the samples of these having
stood well the examination and tests of analytical chemists.
They are made by machinery, (the clay having {)een previousl
passed throxtxgh a pug mill,g some by steam and others by han
power ; and they have a small longitudinal hollow, which reduces the
thickness of the clay, and without materially weakening the brick,
causes it to become more dense and be more easily burnt. For the
6-inch brickwork, radiating bricks 12 inches long 6 inches deep
and 3} inches thick, on an average, including the hollow, were
burnt without difficulty ; and were found to effect a large saving
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in many of the sewers, where otherwise two rings of 4}-inch work
would have been used. The bricks for the 6-inch and 43-inch
rings were all made to radiate, to suit the invert, sidewalls, and
crown of the several sized sewers; and in order to distinguish
readily the different radii of the bricks, as well as to afford a key
for the mortar, grooves varying in shape and number were made
in the sides of the bricks, to indicate the radii for which they
were intended. The inner and outer surfaces of the bricks were
curved, to suit the respective radii, so that, when well put together,
a very accurate sewer was formed. Some bricks of a similar cha-
racter were made, for the side walls of the sewers, at Mr. Henry
James's Court-y-bella Brick and Tile Works, Newport.

The sewers are connected by curved junctions, or bellmouths,
the curves being laid at a steeper inclination.

The subsoil ﬁnrough which the sewers in the higher parts of the
town had to be laid 18 marl, rock, &c. ; but in the flat part, where
moet of the new sewers were required, it is a level deposit of mud,
or clay, more or less hard, naturally about the level of high water
of ordinary spring tides, and 4 feet or 5 feet below high water of
extraordinary spring tides, but covered, for a depth of about 6 feet,
with shipe’ ballast—stones, gravel, and sand—or with clay from the
excavations for the docks, &c. In some parts, at a depth of about
10 feet from the natural surface and 16 feet from the present
surface, a layer of peat 6 inches or 9 inches thick was found ; and
in places, where the brickwork would have rested on it, the
peat was removed and concrete was substituted. The construction of
sewers in this flat district was found to be easy, where the ground
was dry, and the brickwork could be executed immediately on the
completion of the trench, which was cut by a template exactly to
the shape ; but where the trenches were acted on by land, or tidal
water, difficulties necessarily arose, which had to be overcome in
various ways. Generally, owing to the looseness of the ballast,
and the water it contained, the trenches bad to be well strutted
and lined with planks, which were driven down vertically as the
workmen removed the ground, while other men were employed in
baling, or pumping the water, which ran in from the ballast, or the
old drains, and sometimes from the river at high tide. In one of the
large sewers, which was constructed to a point near the river, before
the outlet works were completed, the contractor for some time used
a syphon to discharge the water into the river, when the tide would
allow. The sewer along Church Street, which is 573 yards in length,
and from 3 feet to 10 feet below high water of spring tides, run-
ning nearly parallel to the river and only from 33 yards to 90 yards
from it, is in difficult ground. The street, for a considerable dis-
tance, is only 14 feet wide, with houses on one side, and a railway
carrying heavy mineral traffic on the other, the rails being only
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18 feet from the houses. The sewer is from 8 feet to 15 feet
below the surface in a soft clay. There are several -imperfect
old sewers and drains across the line of this sewer, and these,
added to the loose character of the ground, for several feet below
the surface, and in some parts below the range of the tide, ren-
dered it difficult to keep the trenches clear, and in shape.
The most effectual plan was found to be to prosecute the work
promptly and vigorously during neap tides, which scarcely affected
the trenches; and in order to save the houses, of which the
foundations were in some cases on the ballast, only a little below
the surface, the contractor was allowed to tunnel portions of the
work. In filling the trenches, the clay required careful ram-
ming, to prevent the settlement of the adjacent buildings. The
greater part of the work being in open cutting, and the re-
mainder in tunnel, the gas and water pipes which ran alo
this narrow street, near to, or over the sewer, were broken by the
unequal subsidence of the ground. As a rule, tunnelling and
bugéing brickwork at night were forbidden, the Author baving
found, in numerous instances, that, when underground, or working
at night, bricklayers would, without the knowledge of their
employers, put in very rough work,—bricks without mortar, or
even one ring of brickwork instead of two. In one case the
Author foung a bricklayer laying the crown of a sewer in a
tunnel, under a passenger and mineral railway, in bricks with-
out mortar, although the mortar yard was but a short distance
from the spot; and several instances came to his knowled
where one ring of brickwork was -inseited instead of two. In
sewer works where the sizes are not'large, and the work is pro-
gressing simultaneously at a gréat many places, it would be vain
to attempt to watch every brick put in, if tunnelling and night-
work were allowed ; and the Author has consequently found it
desirable to have, as far as possible, open cuttings and brickwork
executed by daylight. :

As previously referred to, the sewers'near two of the outlets,
have, for a period of about three hours at spring tides, to act as
reservoirs, and ventilation is then more than usually important,
to prevent the noxious gases from being forced up through private
drains into the houses, where the house drains are not properly
trapped. The ventilation of the sewers is effected, and means of
access to them is secured, by a large number of manholes and ven-
_ tilators combined, which are placed in open parts of the centre

of the roads and streets. These consist ol;ea square shaft carried
up from the sewer to near the surface, and covered by a flagstone,
and then by a thin layer of the macadamized metalling of the
road. Close to the shaft a small cess is constructed of brickwork
in cement, with a flagstone bottom ; and a stoneware pipe, 9 inches
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in diameter, is laid from the side of the cess, 6 inches above the
bottom, through the brickwork to the shaft: a strong iron grating
weighing 1 cwt. 3 qrs. 71bs,, hinged and with a notched surface,
being fixed over the cess (Fig. 3). By this arrangement any

Fig. 8.

Manhole and Ventilator combined.

rubbish falling through the grating is caught in the cess, and
may be removed without difficulty; the grating also indicates
exactly the position of the manhole. der irons are built in
the brickwork of the shaft, to facilitate ingress and egress. These
combined manholes and ventilators are found economical, costing
£4. 10s. complete, and are suitable to such towns as Newport.
During the construction of the sewers glazed stoneware inlet
pipes, 9 inches, or 6 inches in diameter, were inserted in the side
walls, for connecting house and street drainage ; these pipes were
specially made, so that when fixed obliquely in the brickwork,
with a proper fall, the socket end was outside the sewer, and the
other end was flush with the inner face of the brickwork. They
were generally placed opposite every house, or at goints fixed on by
the Engineer’s inspector. In a large number of cases the house
drainage was carried on simultaneously with the sewers; in others,
marks were made to indicate the position of the pipes, and the
house drainage was effected subsequently. Usually a separate
drain, 6 inches in diameter, was constructed for each house, or a drain
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9 inches diameter for two, or more houses, belonging to the same
owner. C Is were cleared and filled up, and all sewage
matter was allowed to pass through pipe drains into the sewers;
water traps being placed at the commencement of the drains and
in the closets to prevent the rising of efluvia. The junction pipes
not used for house drainage, although partially stopped with a
slate, or tile, afford an inlet for water, and thus drain the land
sev"ie‘ral feet below th: level of the cell.*.v.rs.F ]
he gull tes for street drainage (Fig. 4) are of cast iron,
8 {-.f:a 21 inch:sggy 17ginches at the surface,
] hinged and slightly concave in the
"~ line of the bars, wit{n a vertical flange
which, with the stone and brickwork
~ in cement of the cess for catching the
E silt, over which it is placed, forms a
" water trap to prevent any effluvia from
rising from the sewer. The casting

weighs 2} cwt. A pipe 6 inches di-

ameter is laid at a steep inclination
into the sewer. The gully grate, cess, and drain complete
cost £3.

The Author’s estimate for the works was £13,838, and the
tenders, nine in number (the highest and the lowest being from
London contractors), ran, from £11,893 to £16,797: the
lowest was accepted, and the contract was closed at £11,862, that
sum paying for 12,500 lineal yards of sewers, with manholes, ven-
tilators, gullies, and outlets ; instead of 11,900 yards as in the
contract. 'This savihg was effected by reducing the thickness of
the brickwork in many cases, after ascertaining the nature of the
ground, by using mortar instead of cement in 51e inverts, and by
otherwise carefully economising the construction. The works
were completed at a cost about 14 per cent. under the Engineer’s
estimate, which latter was less than the average of the tenders:
but these facts are not mentioned with the view of encouragin,
the practice, so disastrous in its results, often adopted by Loca
Boards, of accepting the lowest tender, without due regard to the
capability of the contractor to perform his engagements. In this
case the reputation and experience of the contractor justified the
course pursued, and on the completion of the contract, the Local
Board of Health passed a resolution expressing their perfect
satisfaction with the works.

During the execution of these works 1,250 yards of sewers
with manholes, ventilators, gullies, &c., were constructed for the
Tredegar Wharf Company, under the direction of the Author.
Sewers were also made by him for other landowners, in ground
about to be built upon; and subsequently works have been con-

Gully Grate and Drain.
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structed by Mr. Conyers Kirby, Surveyor to the Board, on plans
prepared by the Author, for the drainage of a small portion of
the borough on the east side of the river where the population is
increasing.

The Local Board has only partially carried out the repairs and
cleansing of the old sewers, which formed part of the original plan ;
and in some instances the new sewers now receive from the old,
which are defective, quantities of rubbish of almost every descrip-
tion, including stones, pieces of iron and tin, boots, &c. ; but not-
withstanding this, Mr. Kirby states, that the new sewers, most of
which have now been in use about four years, act well, and
cost the Board and landowners almost nothing in repairs and
cleansing.

The rate of mortality in Newport has decreased from 30-3 in
a thousand, before the Public Health Act was applied in 1850, to
rather less than 20 in a thousand, for two years ending Michaelmas
1861, which latter rate is below the average of England and
Wales ; and no doubt this very large decrease of deaths is, under
Providence, to a considerable extent due to efficient drainage and -
water supply, the prevention of overcrowding, and other sanitary
measures.

The Paper is illustrated by a Plan of the town of Newport, and
by a series of diagrams, from which Plate 4 and woodcuts, Figs.
3 and 4, have been compiled.

Mr. FurtoNn
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Mr. FuLToN stated, through the Secretary, that after upwards
of an additional year’s experience, since writing the Paper, and
after a practice of eighteen years-in sanitary enii:eering at Liver-
pool, and in Dundee, he was fully convinced, that with properly-
constructed sewers, no ventilation was requisite. This might seem
a startling assertion, but having had a length of not less than 30
miles of main sewers, and nearly as many miles of branch drains,
all closely trapped, in use for several years, without a single com-
plaint being made regn.rdinﬁmfoul emanations from them, was a

roof of the correctness of his position. The sewers were kept

g'ee of all silt, except sand, by the flow of the ordinary sewage
and rainfall, regulated by flushing gates, so that their perfect
cleanness, so far as any sewer could be called clean, was insured ;
or, to put the matter in another form, no putrescent substances
were retained in the sewers, or drains, to fill them with dele-
terious gases, and to poison the inhabitants. Therefore, there
did not exist the slightest necessity for the ventilation of such
sewers and drains.

Mr. A. BassETT remarked, through the Secretary, that being
well acquainted with the district of Newport, and particularly
with a large extent of wharf and other property, on the River
Usk, belonging to Lord Tredegar, he had opportunities of forming
an opinion on the utility of the drainage scheme executed by
Mr. A. Williams, and it afforded him much pleasure to state, that
the works had eﬂ‘;roved to be most satisfactory, both as regarded
economy and efliciency. He had never heard of any complaint
having been made with reference to the discharge of the drain-
age water into the River Usk. The large river area, coupled with
the rapid flow of the tide, precluded any ill effects arising from
this mode of drainage.

Mr. THos. C. THORBURN (Borough Surveyor, Derby), observed,
through the Secretary, that he did not think the drainage works
of Dundee would be found to work satisfactorily, without efficient
means of ventilation. He was persuaded that the light sewer
gases would force themselves through the inlets, or imperfections
of the pipe-joints; at the higher levels, which would in most cases
be under houses, and therefore would be doubly objectionable in
a sanitary point of view. The arrangements for flushing, at
Dundee, appeared to be inégenious, but they must involve consider-
able expense in labour. Such complicated works as town sewers
generally were should be arranged on the most simple - principle,
and be made, as far as possible, self-acting. The flushing of
town sewers was absolutely necessary if they were to be Txept
clean, without resorting to the old method of breaking up the
surface of the roads, or sending men up the sewers to clear them
by hand. At Derby the whole of the sewers were kept clean by
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flushing, by penstocks fixed at the river side above the weirs, and
by numerous cisterns constructed at the upper end of the collateral
and branch sewers, filled with water from the mains of the
Waterworks Company. No doubt this involved expense; but,
on the other hand, labour was saved, and he believed the public
were fully compensated by the more efficient working, and by the
sewage being carried completely away from the town to the outlets,
In other respects the arrangements for the drainage of Dundee,
if carefully carried out, would probably work satisfactorily.

Mr. Williams appeared to have designed the works of drainage
at Newport with great_ discrimination, and if they had been exe-
cuted with care, they would no doubt act well. He did not, how-
ever, entirely agree with the Author in the limit to which he
recommended the use of stoneware pipes, for house-drainage, as
long experience had convinced him that they might, with advantage
and economy, be used for collateral sewers, and for the upper ends
of main sewers, where the flow of sewage was small, and adequate
means of flushing were provided. He did not, however, recom-
mend the use of stoneware pipes for sewers of any description,
without sufficient power for water-flushing being in every case pro-
vided, especially where debris was liable to be washed from the
streets and roads into the sewers.

Mr. R. RawLINSON said the description of the works at Dundee
was clear and full ; but there were some remarks which deserved

ial notice. He would direct attention, in the first place, to
:g:camount of sewage discharged by the outlet sewer, which was
stated to measure, in dry weather, 2 feet, and, during storms, 6 feet
in depth; and that the velocity of the discharge was in the
former case 65 feet per minute, and in the latter 116 feet per
minute. He had looked over the calculations, and thought there
must be a mistake; unless there was some element which did not
appear in the Paper. He believed the velocity would be much
higher for the gradient given, and the depth of water in those
sewers ; at least he had found it to be so in sewers he had con-
structed.

The principal t%oint, however, to which he wished to call atten-
tion was, that although it was stated that the sewers at Dundee
had been designed to act entirely without ventilation, and the
Author asserted that ventilation was not reti;ﬁred; yet, with ap-
parent inconsistency, in another part of the Paper, he had spoken
of having® trapped certain gullies, to 1&revent the sew. Fises
escaping into the streets and houses. Mr. Rawlinson had a lar
experience in sewer construction, and he contended that it was
dangerous to lay down a system of sewers over an entire town,
without in the first instance providing, as part of the scheme, for
the fullest and freest ventilation, at all parts of a town; but it was
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nerally most necessary at the u and higher levels. Sew:
gses, bging lighter than atmospﬁgsi:: air, ﬂgwed upwards, while
the sewage itself flowed downwards, and as the velocity of the
discharge of sewage water downwards would be in proportion to
the ient of the sewer, the flow of sewage upwards would
also be in proportion to the gradient. Therefore, a town having a
naturally steep gradient, required the fullest means of ventilation ;
and so far from its being easy to sewer such a town, he held, if
proper means were not taken to provide for ventilation, the En-

ineer was liable to leave that town worse than he found it.
ithin his own knowledge, disease had broken out in well-sewered
districts, which was traced to a connection of house drains with
unventilated sewers ; and in those cases the highest portions of the
towns suffered most severely. He thou%ht the authorities at
Dundee should not rest satisfied with what had been already done,
nor until the work was completed by a proper ventilation of the
sewers. Mr. Fulton seeme«f to infer, that sewers which wanted
ventilation had been badly constructed. Mr. Rawlinson, on the
contrary, held, that if such sewers were sweet, they must have been
badly constructed ; and that there were joints and crevices which
allowed the gases to escape ; because, with a perfectly tight sewer,
the gases must make their way to the upper extremity, and have a
tendency to find exits into houses through the house drains. The
method of cleansing sewers, proposed by Mr. Fulton, was very
similar to a system invented by the late Mr. Richard Blades, and
used by him at Liverpool; it had also been introduced to the
notice of the Metropolitan Board of Works. He thought it right
to mention this, because credit ought always to be given to those
who had the (Friority in any useful invention.

Mr. Alfred Williams had presented an able description of good
and useful works executed at glewport, Monmouthshire, where ven-
tilation had been adopted. He did not quite understand what
was meant by the remark, that it was not considered advisable
to use stoneware pipes as main sewers, but that it was preferable
to adopt a sewer of sufficient size for men to traverse. He
thought any Engineer in sewering a town, ought to banish from
his mind, at once and for ever, the necessity of constructing
sewers sufficiently large for a man to pass through, unless those
dimensions were required to discharge the sewage flowing into
them, and should rather endeavour to design such a form of
sewer as would be absolutely certain to discharge the contents
derived from the upper extremities and from all the tributaries,
and to keep the sewers clean and sweet. He could mention
instances, in his own practice, where sewers had been constructed
so as to act in the most efficient manner, without incurring the
additional cost of making them larger than was necessary, merely
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for the sake of saying at the conclusion of the work, *that they
had a sewer large enough for & man to go through.” He could
point to dozens of miles of sewers which had been in operation a
sufficient length of time to subject them to the severest test, without
any instance of failure from choking up, or requiring hand-
cleansing. The sections of the Newport sewers (Plate 4) were
certainly of the most approved forms, and the bricks employed
there were well adapted for the construction of such sewers with
economy. Looking at the section, Fig. 8, Plate 4, it appeared
that the internal dimensions of that sewer were 4 feet 6 by 3 feet,
and that the brickwork of the invert and of the sides conmsisted
of a double ring, 9 inches in thickness, while in the crown
there was a single ring only, 6 inches in thickness. He did not
know what plan had been followed at Newport, but in his own
practice he should have set the two top courses of the thicker

of the work as “ headers,’ so as to bond the two lower rings together,
and to give a fair start for the single ring. In fact, in every in-
stance where there were two rings of brickwork in the invert and
sides, he insisted that there should be two rows of headers’ at,
or about the springing, so as to bond and tie the work together,
where the arch commenced. The method of ventilating a sewer
at Newport was good as far as it went; but he thought it was
imperfect in this respect, that the manhole shaft was not avail- |
ab{: without removing the flag which covered it, and thus break-
ing up the street.

The system of ventilation he had adopted was shown by Fig. 5,

ge 288. There was a side chamber ; gut instead of covering the
manhole shaft with a flagstone, which was difficult and expensive to
remove, when access to the sewer was desired, it was ﬁnisl]::d witha
manhole cover, which formed the street surface, and did not
allow air to pass out ; so that the sewer gas was compelled to rise
through two, or more charcoal screens, or filters, before passing
into the side chamber, or ventilating shaft. Any dirt from the
street, falling into the ventilating chamber, was caught in an iron
box, at the bottom of which there was a slide, so that the dirt
could be readily removed whenever necessary.

In a hilly town the whole system of sewage should not be so
connected together as to permit of the accumulation of the sewage
gases in the higher parts of the district. Where the gradient was
steeper than 1 in 200, and a sewer was, say, one mile in length, it
should be divided by steps, or falls, and there should be a flap
valve upon the -upper, or higher discharging end of the sewer ;
with at least two ventilating grates at that point, so as to insure
thorough ventilation.

It was to be remarked, that the systems of sewerage, both at
Dundee and at Newport, disch into rivers. 1t was fre-
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quently necessary to ca.rr{ the outlet of a sewer to a river,
having a low summer level, and a high, or flood level It was

Fig. 5.

Manhole, Tumbling Bay, and Double Ventilating Arrangement.

neither advisable, nor always practicable, during flood times, to

the whole of the sewage, if the quantity was considerable,
down below the summer level. Figs. 6 and 7 (p. 289) showed the
arrangement he had executed at Windsor Castlg, where formerly
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Fig. 7.

Dry Weather River Outlet, at \Windsor Castle.
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a large brick sewer discharged itself into the Thames, close to
the Queen’s private walk, and was a source of nuisance. By
fixing a cast-iron pipe at the bottom of the sewer, and putting
a slight dam in front of the junction, all the.ordinary sewage was
discharged by the iron pipe below summer level, so that the sewage
was never thrown into daylight. The brick sewer above took away
all excessive storm waters, and there was no danger of bursting, or
other difficulty. He found a sewer 4 feet high and 3 feet wide
might be required for flood, or storm waters; but that an iron
pipe 12 inches diameter would probably discharge the ordinary
flow of sewage for three hundred days out of the year, and when
there was anything more than the pipe would take off, it would
be in extreme dilution, and the river itsclf would be in flood, so
that there would be a minimum amount of nuisance.

The main outlet sewer at West Ham (Fig. 8) was 4 feet
6 inches in height by 3 feet in width. It had a cast-iron invert,

Fic. 8. which was laid for about half a mile,

- at the level of low water of sprin
tides, and then for 21 miles with a fal
of 3 feet per mile. Of course the outlet
was obtained by pumping. The sur-
face of the ground, under which that
sewer was laid, varied from 10 feet to
12 feet below high water in the
Thames, and the subsoil was so porous,
that with a portable engine within 10
feet of the work, the water could not
be pumped below the line shown on
the section (Fig 8). Consequently,
he had to devise an iron invert, which
the workmen could put into its place
in the trench under water, by feeling only. The arrangement of
the joint was such that there was a certainty of the plates falling
into place, and each could be raised by the side flanges, and be
rammed below with gravel, or clay. Upon this invert plate cement
blocks were laid to above the water line, and the other portions
of the sewer were built in the ordinary manner. About 3 miles
of that sewer had been in use for nearly two years, and there was
no difficulty in keeping it clean. The velocity of discharge in
that sewer, which had its invert on a level, was higher than that
which had been given in the Paper on the Drainage of Dundee, for
a depth of 2 feet of water and a gradient of 1in 400. The velocity
was due to the surface gradient, or head. Means of flushing were
provided, and the only fall was the grade of the surface.

The mode of forming sewer junctions by bent pipes was, he
thought, defective. A better plan was at the option of the Engi-

Main Outlet Sewer, West Ham.
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neer, and he had requested Mr. Doulton to send specimens of
side junctions, suitable both for 9-inch and for 4}-inch work,
which, he exgla.ined, formed part of the brick sewer, whatever
gize it might be ; the blocks being built in with the work wherever
junctions were anticipated. He also directed attention to an
earthenware disc plate, which might be secured either with clay,
or cement, and was intended to be put on the openings as the
sewer proceeded, to prevent extraneous matters from being intro-
duced. Slate, or flag coverings were neither so cheap, nor so
perfect, nor so handy to use. The ordinary invert block afforded
great facilities in accelerating the work, and in use, secured the
scouring action of a pipe having that diameter, whatever the di-
mensions of the sewer might be.

The drawing (Plate 5) gave the particulars of various sewers,
their forms and sizes, the number of bricks, and of the cost of
each section per lineal yard, together with the prices of the various
materials. ‘These were not merely assumed figures, but were the
actual prices at which sewers had been executed, at Berwick-upon-
Tweed, Carlisle, Chorley, Lancaster, and other places. It might
be useful for reference, and in every instance 1t would be seen,
that double courses of bonding bricks were put in at, or near the
springing, to insure the rings being tied together. .

As the question of town sewerage was of daily increasing im-
portance, he had been at some trouble to bring these matters
forward, because he wished to give the fullest information in his
power; and he thought younﬁ Engineers would do well to pay
attention to the subject in all its bearings. He had adopted
several leading principles, which he would briefly refer to. 1In the
first place every sewer should be laid out in an absolute right
line from point to point. He laid stress upon that, because in
examining old lines of sewers, he found they invariably took the
course of the streets under which they were constructed. To set
out a sewer in a straight line surface sight rails were necessary, so
as to ‘bone ’ the invert level. The main sewer at Brighton, built
within the last ten years, by a former surveyor, under the old
Comnmissioners, was proved on examination to be most irregular
both in line and level. This he apprehended must have arisen
from the sewer having been built in short lengths, and without
sight rails, or any proper levels. Then again at every change
either in line, or in gradient, there should be a manhole, or a lamp-
hole, to afford the means of access to the sewer from the surface.
At all manholes, and at many of the lampholes, means of ventila-
tion should be provided, such as he had explained. A chamber
should be formed at the side of each of these ventilating shafts,
to catch detritus from the roads; and the ventilating grate

should be over it, and not directly above the crown of tlée sewer.
U
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Between the side chamber and the shaft, charcoal filters should be
fixed, so as to deodorise the foul gases, before passing into the
streets. Care must be taken, that ventilating openii:is should not
be direct down into the sewer, as was the case with the great part

Fig. 9.

Manhole and Ventilating Shaft.

of the sewers of the Metropolis, where shafts were carried up
direct from the crown of the sewer, and the ventilating grate was
put directly above it, thus admitting foul gases into the streets
without deodorisation, and allowing stones and mud from the mac-
adamized roads to fall into the sewer below, and to form an ob-
struction upon the invert, which was a cause of t mischief.
The sooner this state of things was remedied, the better it would
be for the Metropolitan drainage. It was impossible to carry out
the grand scheme of intercepting drainage beneficially, if the tribu-
taries were left in an imperfect condition. He ventured to mention
his views on this subject, as he thought the first effect of the
operation of the intercepting sewers would be, that water would be
abstracted from the sewers which were now diluted with it; the
washings of macadamized roads, which formed a good disinfecting
material, would be taken away with the flood water, and in the
intermediate districts, where there were great lengths of foul
tributary sewers, there would be deposits o%r;utrid matters; and
with the ventilating grates opening directly into the streets, one of
the first effects, during a hot and dry summer, would be to raise
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the rate of mortality. The Registrar-General would find it out,
and record it in his Reports on‘:f: State of the Metropolis, unless
some prompt precautions were taken, as it would be a serious
evil to abstract the flood water which now diluted the foul mat-
ters in the sewers, unless provision was made to counteract such
effect.

His reason for laying out sewers in right lines, was because he
had found in practice, that to insist upon straight lines of sewers,
and an absoﬁxtely true ient, was more than equivalent to
putting an inspector on the work. He would defy a contractor
to scamp work if it was required to be true in line, both vertically
and horizontally. Practically he never allowed the curves of
junction to exceed 22} degrees.

Sewers of unequal dimensions should never be level at the
inverts. It was safer, as a rule, that they should be even at the
crown,—that the tributary drain should have an extreme fall at
its junction with the main sewer. The fact of one sewer being
made larger than another, implied that the former would have
more work to do; and if the sewers were joined with level inverts,
the large sewer would dam back the sewage in the smaller tribu-
tary, and prevent its being flushed out. He had found that where

ipe drains were brought into a sewer with level inverts, the pipes
Eecame rapidly choked up, as the sewer water was dammed back
for one-half, or two-thirds of their diameter, and sediment which
bad poured into them bad no opportunity of getting out. But if
the invert was raised above the ordinary flow of the main sewer,
the solid ingredients might be diluted, and be flushed out, with-
out still-water lying in the tributary drain. A tributary sewer
would be better with less gradient and a free delivery. Sewers
might be made to discharge large weights of material which had
through the gullies. As an illustration of this he might
mstance the Birmingham sewers. The amount of sediment at the
outlets of those sewers was not less than 500 tons per week, or
25,000 tons per annum, which was almost equivalent to the weight
of the metal put upon the roads, as Birmingham was macadamized
throughout all the streets, and there were only very few paved
channels. Whenever there was a heavy fall of rain, large quantities
of the ground-up materials of the roads were carried into the
sewers, which passed through them, and collected at the outlets.

At Carlisle, the main sewer had a fall of 1 in 700, for a length
of a mile and a quarter; it was liable to be flooded frequently in
the course of a year, and at times the freshets and floods rose
18 feet, or 20 feet above the level of the invert, and 10 feet, or
12 feet above the surface of the ground where the sewer was
built. That sewer bad been in operation for six, or seven years,
without requiring any outlay for hand-cleansing, and without any
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extreme power for flushing, but simply by due attention being
paid to the arrangcments at the mani‘{oles. At every manhole
therc was a groove in the brickwork to receive a stop plank, by
which the sewers could be flushed out in sections, either by
accumulated sewage, or by the admission of water from the
Waterworks.

The question of fouling of rivers, by allowing undiluted
scwage to pass into the nearest available water courses, was a
matter of serious importance. It was a practice which the Ieigis-
lature should be called upon to put a stop to; but in saying this,
he hoped that advocates would not arise for the abolition of the
system of sewerage, because certain rivers had been fouled, and
injuries done, for which apparently there had been no remedy up
to a certain time: That which was of the greatest value in the
consideration of this question was that greatest blessing to any
community,—healthy human life. Modern civilization %ad been
the means of massing populations together in towns: a town
population could not exist and enjoy good health without some
efficient, constant, and unceasing system of removing all the soil
refuse from the midst of that mass of human beings. Schemes
had been propounded for the sanitary inspection of water-closets,
and house-to-housc visitations; and various plans had been
devised, to save what was conceived to be a valuable manure,
in a form other than its being passed away in water. But his
experience led him to the conclusion—that the cheapest element
to remove soil refuse was water, and that the readiest method of
doing it was by a proper system of sewers. It was quite possible
that this could be done without committing any injury whatever;
because chemistry could be brought to their aid. If it was not
worth while commercially to pump the fluids and the solids, for
the purpose of appropriating them to agricultural uses, then the
solid matters should be removed by deposition and filtration, and
the liquids should be deodorised, before being discharged into the
rivers and water courses. In the year 1859, the River Thames,
within the Metropolis, became a foul stinking stream, and the rivers
in the vicinity of Manchester were foul beyond the powers of lan-
guage to describe, That was also the state of some of the rivers
in the manufacturing and thickly populated districts of the West
Riding of Yorkshire. It must not, however, be thought, that
because these evils existed, the sewers were in fault. They were
only imperfect appliances at present, but were still a great im-
provement on the old cesspool system. He believed they were on
the eve of a satisfactory solution of this problem. e land,
beyond all question, was the place to which the soil refuse should
go, and if the authorities of a town could not dispose of it at a
profit, so as to obtain a return for their outlay, they ought to be
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compelled to incur the necessary expenditure, for carrying it to
some place, whence it could be beneficially applied, without creating
a nuisance, and pay the necessary cost.

Mr. J. NEwToN contended that no system was perfect which
permitted accumulations in the sewers; for if the velocity of the
flowing sewage was insufficient to preveut the deposit of sand, grit,
or other ins?)Tuble substances, such matters ought not to be allowed
to enter the sewers, and by suitable gully traps and cesspits this
might be easily accomplished. At Dundee, the main outlet sewer
had a fall of 1 in 400 only, whereas some of the other mains had
gradients varying from 1 in 600 to 1 in 700. As the scouring
power was in proportion to the velocity, and the velocity, with like
gradients, was in proportion to the amount of flow, this outlet
might, with advantage, have been made much flatter than 1 in 400,
and the fall, thus economised, have been used for augmenting the
fall of the subsidiary mains. The gradient and the section of a
sewer at the invert ought to be carefully adjusted to the probable
average flow of sewage through it; and when this was done, it
would very rarely be found that silting occurred, or even that
flushing was necessary. In regard to street gullies, he directed at-
tention to one entirely of cast iron which he had adopted (Fig. 10).
It weighed 4 cwt. 2 grs. 14 lbs,, and, at six shillings and three-

Fig. 10.

cRawwEL .../ 7

",:‘ 7‘-;* A

Street Gully, as used at Preswn.

pence a cwt., cost £1. 9s. A smaller size, weighing 3 cwt. 1 qr.,
cost at the same rate, £1 ; whilst the expense of fixing, or of re-
‘moval did not exceed two shillings each. The efficiency, cheap-
ness, and durability of this form of gully had induced him to use it
exclusively, and during the last five years, he had fixed upwards
of sixteen hundred of them in the borough of Preston.

There was still a diversity of opinion amongst Engineers, as to
the proper size of sewers. His own experience showed, that in
purely urban districts a rainfall of 1 inch in half-an-hour ought to




296 DRAINAGE OF TOWNS.

be provided for. Thus, on the 29th of July, 1857, he registered
at Preston  of an inch of rain in thirty-five minutes, and on the
8th of October, 1861, nearly the same depth in thirty minutes.
On the latter occasion an egg-shaped brick sewer, 4 feet 9 inches
high by 3 feet 2 inches wide and 300 yards in length, with a fall
of 1 in 156, carried away this water from a closely built and
densely populated district containing 117 acres. In another part
of the town, which was also built upon and which contained 85
acres, a sewer 3 feet 6 inches high by 2 feet 4 inches wide, with a
fall of 1 in 75, carried off these storms, without causing any
damage, or without the water rising in the cellars, which were

nerally from 1 foot to 2 feet above the soffit of the arches. In
%zt.h cases, however, the sewers were under pressure, as on the
first occasion the water rose 18 inches, and in the other case 1 foot
in the manhole shafts. These examples showed, that the sewers of
Preston were not too large, and as most of the tributary mains
ran nearly full on these occasions, and had never proved in-
sufficient, they indicated the sizes required generally under similar
circumstances. Almost all the rainfall, in tﬁe districts alluded to,
flowed direct into the sewers, every house being drained, and but
few receptacles existing for retaining the water. The sewers were
constructed in straight lines, or on easy curves, and all branch drains
were connected with the mains at angles of 45°. In ordin
town districts, calculating upon a maximum fall of rain of one i:g
in half-an-hour, and that it all passed directly into the sewers, he
believed the following proportions would prevent silting, if the
district was thickly popuEted, and the house drains were connected
with the sewers: —

Diameter Inclination. Drainage

of Sewer. Area.
Inches, 8q. Ft.
6 lin 50 200

9 1in 100 400

12 1in 150 650
15 1 in 200 1000
18 1 in 250 1400

21 1 in 300 1800

In intercepting sewers, where the ordinary flow was greater, and
in large mains, an ordinary velocity of 1 foot per second would be
amply sufficient to scour the invert, without any artificial flushing,
As a general rule, he preferred the egg-shaped section for sewers,
but where the inclination was such, that the velocity of the flowing
sewage would not allow of silting, the circular form was preferable,
because its discharging power was greater, when the Eow was a
maximum, and the cost of construction was less.
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The form and construction of the brick sewers at Newport ap-

red to have been well considered ; but there were many places
in which a smaller tube than 14 inches in diameter would have
sufficed. In such cases a 6-inch, or a 9-inch pipe would have
effected a considerable saving in expense; in fact, at least one
half might have been saved, and the efficiency of the system would
have been improved. Although the advantages of good sewers,
both in a moral and physical point of view, were undoubted, it was
desirable not to be too sanguine in anticipations as to the results.
Mr. Williams stated, that the mortality of Newport had been re-
duced from 30 per 1,000, in 1850, previous to the adoption of the
Public Health Act, to less than 20 per 1,000 in 1860 and 1861.
On reference to the Registrar Generals’ Report he found that in—

1851, the mortality was 23-1 per 1000.

1852, ,, »w 2000,
1853’ ” 2 22-6 ”
1854’ ” ” 26-2 ”
1835, . 25°2
1856’ ”» ” 26-4 ”
1857, ”» ” 23-3 ”
1858, . 333
1859, » 241
Average . . 255 » ,

Mr. Williams might, therefore, with equal accuracy and reason,
have said it was reduced from 22°6 per 1,000 in 1853, to less
than 20 per 1,000 in 1860 and 1861. The mortality of a district
was influenced by so many causes, and fluctuated so much, that
conclusions should not be drawn from a short period of time:
nevertheless he was satisfied that much good must necessarily
arise from such works.

Mr. W. MERRY remarked, that some of the observations which
had been made reminded him of the dogma of twelve, or fourteen
years ago, that certain specific rules might be laid down to apply
to every town in the United Kingdom. He dissented from tﬁat
doctrine, and he regretted to find that such notions should still be
entertained ; because experience had shown that every town must
be dealt with on its own merits. It was necessary to take the
local circumstances into consideration, as there might be a variety
of peculiarities appertaining to one town which did not exist in
another. There were general principles which should be dis-
cussed before entering into the details. In the first place, with
reference to the drainage of provincial towns,—it was said that
the work was done at less cost than in the metropolis. The great
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int, in the system adopted at Dundee, appeared to be, that a
ﬁgxgth of 30 miles of sewers had been in use for years, without
provision having been made for ventilation, and that no complaint
was made of nuisance. It should at the same time have been
stated how many houses in that borough had water-closets, what
* number of these drained into the sewers, and what proportion had
¢ middins.” He believed it would be found, that not more than
one-third of the filth of the town got into the sewers. He had
visited several large provincial towns which were drained upon
this system, at probably one-half the cost of similar works in the
metropolis, and he found that there were only watersclosets in the
first-class houses,—the houses of the middle and lower classes
having ‘middins,’ the contents of which were removed periodicall

by the dust contractors, and were used upon the land. In suc

cases there was plenty of room in the rear of the houses for ven-
tilation ; but that system would not answer for London. This
was further evident, by reference to the quality of the sewage, which
in London might be compared to treacle in consistency, whilst in
the country it was simply dirty water. At Paddington, which was
considered an aristocratic part of London, there were about 800
acres of land on which there were 10,000 houses and 80,000 in-

habitants, or an average of 100 to the acre. In other parts of

London there were from 1,500 to 2,000 persons per acre. Re-
cently plots of land at Paddir:fton were covered with six-roomed
houses ; and on one estate, called Hall Park, containing an area
of 3 acres, 235 six-roomed houses had been erected, with a water-
closet to each house, the population amounting to 2,649 inhabi-
tants. The sewers there, had a gradient of 1 in 480, and yet
they required flushing, notwithstanding it had been stated that 1
in 600 was self-cleansing. Before arriving at conclusions on this
subject, it was necessary to know the number of houses, the num-
ber of the inhabitants, the amount of the water supply, and
whether each house was furnished with a water-closet whicﬂ drained
into the sewers.

Mr. RAwLINSON stated that Professor Way, who had analysed
many different sewage waters from all parts of the country, found
the analyses as nearly alike as possible. It was a mistake to
speak of London alone as being a water-closeted town. At Aln-
wick, with 7,000 inhabitants, there was not a house without a
water-closet. There was no necessity to provide duplicate sewers
for surface flood water, in a system of sewers in provincial towns.
The special features of every town should be studied, and the
works be laid out with due regard to local peculiarities. Rules
for sewers in the metropolis, or at Preston, or elsewhere, would
not apply, except under similar conditions. In the town of Aln-
wick, having an area of 2,000 acres, the outlet sewer was 18 inches
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in diameter, with a fall of 1in 400. It had been in use for ten
years, although all the down spouts, yard grids, and street gullies
communicated direct with the pipe sewers. Alnwick Castle, with
several acres of area, was sewered by a 12-inch pipe, and that
effectively. The town of Worksop was sewered by a 15-inch pi
outlet. In each case the flood water of heavy rain flowed over the
surface, as it did before any sewers were made.

Mr. J. GRaNT remarked that, the main sewers on the south side
of the River Thames were all provided with ventilating shafts and
side catch pits, each capable of holding about a cubic yard of
matter, which prevented stones and mud from entering the sewers.
Between each ventilating shaft and catch pit there was a semicircular
opening, all the openings being of the same diameter throughout, to
admit of frames filled with charcoal, or other deodorising material
being afterwards fitted ; and through these frames of charcoal the
foul gases would have to pass, before being allowed to enter the at-
mosphere. In confirmation of the statement, as to the advantage
of a supplementary pipe outlet to discharge at low water, he men-
tioned that he had carried out a similar arrangement, at Battersea,
eight, or ten years ago, and subsequently at four, or five other
outlets of the main sewers on the south side of the River Thames.
He laid large iron pipes to below low-water mark, having flaps, or
penstocks, to prevent the tide from entering at high water. This
glan had been adopted at London Bridge, and at Waterloo

ridge, as well as at other places. He concurred in the opinion
that, in laying out a system of sewers, every town must be dealt
with according to the local circumstances and the peculiar features
of the case. e character of the outlet, the rate of inclination, and
the nature of the surface of the ground, the rate and the amount
of the rainfall, the number of houses draining into the sewers, the
extent of the population, and other things, all required con-
sideration.

With reference to the question of cleansing sewers, he thought
that the method adopted at Dundee was complicated and exglen-
sive ; and that the plan pursued in the metropolis, which he had
first practised at Ricg:mond, was simpler and cheaper. Inthe pipe,
or sewer a flap valve was fixed, which could be kept closed until a
head of water accumulated. By this means the water could be
backed up to any height that might be fixed upon ; and when the
valve was opened, the rush of water would clear away any deposit,
including macadamized matter and stones.

Mr. RawLinsoN inquired whether the system of ventilation
alluded to had been adopted at the west-end of London.

Mr. GRAXNT replied, that he believed it was likely to be adopted.
It was simple, and effectually prevented stones and road mud
from getting into the sewers.
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Mr. CockBURN CURTIS said, that. the extension of the main
sewerage works of the city of New York afforded an instance of
the application to a particular case of the results arrived at, after
a calm consideration of all the facts and arguments which had
been recorded on either side, in the numerous blue books which
had been iublished in England during the Administrative Contest
popularly known as the ¢ Small Pipe " and ¢ Back Drainage’ Con-
troversy. In extending the sewerage of New York, the section
a.d%pted for nearly all the main sewers was similar to that shown
in Fig. 11, As it appeared to be a well-established fact, that the

Fig. 11.

Section of Sewer adopted by the Croton Aqueduct Department.

maximum amount of rain which bad fallen upon Manhattan
Island, upon which New York was situated, had never exceeded
one inch in an hour, the capacity of the sewers was adjusted to
provide for that amount of ﬂoog water, in addition to the pro-
spective maximum house sewerage flow of the several districts
proposed to be drained. The material adopted was brick laid in
cement, and the inner bottom of the sewer was plastered with
cement, to make a uniform surface for about a foot in vertical
height, or the lower courses were laid dry, according to the ne-
cessities of the locality. In keying the crown of the arch, no headers
were allowed to be used, except when bricks were furnished of a
particular shape, made expressly for that purpose. In all other
cases, the inner and outer courses of streusxers were carried over
separately, and each was keyed with slate, after the arch was turned.
The streets in the modern part of New York were laid down in
straight lines, and the main sewers were laid down as nearly as
possi%le in the middle of the streets, but with confluent junctions,
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baving radii suitable to the peculiar circumstances of each locality.
Receiving basins for the read detritus, with trapped culverts for
passing the surplus water into the sewer, were fixed at the
corners of the streets, or in other suitable positions. These re-
ceiving basins were from time to time cleared out by manual
labour. In most cases there was a good natural fall. Each
length of sewer was laid down from end to end, on an uniform
gradient. In almost all instances it was found, that these ar-
rangements were sufficient to keep the sewers free from any
permanent deposit.

As regarded the example which had been adduced, of a sewer
constructed with a d level bottom, Mr. Curtis considered
generally, that such a mode of construction was objectionable, on
account of its decreasing the bydraulic mean depth at the outfall,
where it was most needed. In most similar cases an easy gradient
would be preferable, as affording a greater sectional area at the
outlet for t}l)xe passage of the sewage, or the flood waters, and as
occasioning less danger of regurgitation. He did not think the
question of priority of invention could be entertained, in reference
to the mechanical cleansing of sewers, inasmuch as similar systems
had been used for cleansing out the supply and discharge sluices
of the tanks in India, proba%ly for the last thousand years.

Mr. LovEGROVE said, what appeared to be the most remarkable
circumstance about the two Papers was, that in one case brick
sewers seemed to have been mainly adopted, whilst in the other
tubular drains, or pipes, had been more largely employed ; but as
no drainage areas had been given, the relative merits of the two
systems could not be compared. At Dundee, the sewerage
had been laid out, so as to avoid the necessity of purchasing
water from a public Company. To accomplish this, the sewers
had been constructed at such relative depths, as to admit of the
sewage being turned from ome channel into another, and this,

- doubtless, caused the gradients to be kept as low as 1 in 600 and
1 in 700, which would favour a deposition of silt. Then there was
the expense of shafts at every forty yards, and the application of
mechanical arrangements for the purmse of cleansing. It was
a question, whether it would not have been better and more eco-
nomical, to bave paid the Water Company for a proper eupply
of water, and have depended upon that for the scouring power,
rather than to have reduced the gradients sufficiently to enable
the water to be turned from one channel to another. V\yith a series
of sewers constructed on rising ground at different levels, it was
easy to intercept the sewage at various points, and to make use of
the several sewage currents as a scouring power. If, however, the
land was level, and the sewers were about the same relative vertical
height, the intercepting sewers must be nearly on a dead level,
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thus reducing the scouring power of the system to a minimum.
He thought, that if a greater fall had been given to the sewers at
Dundee, and an occasional supply of water had been obtained from
the Water Company, the expense would have been less than that
incurred in the original construction on this plan. There must be
nearly a thousand shafts, solely for the purpose of removing the
deposit, and their cost could not be calculated at less than £5,000 or
£b{)0000; added to which the expense of manual labour would have
been decreased by 50 or 60 per cent. if the other plan had been
adopted. The form of street-gully was also objectionagle, as it would
allow of large quantities of road detritus entering the sewers. The
cess-pit below the grating was about 10 inches in depth, and
would contain about one cubic foot. When the cess-rit was filled,
and while water passed through the hanging flap-valve, the sedi-
ment would escape into the sewer. Such a cess-pit, he thought,
was not large enough for protection against the intrusion of road
detritus. There were certain principles which should be observed
in the construction of gullies. ’f‘hey should be so made as to prevent
road detritus from entering the sewers, and to arrest the escape of
noxious effluvia, while at the same time they should provide for the
admission of a downward current of air, to aid in the ventilation of
the sewer. With untrapped and imperfect gullies this downward
current existed, but they also permitted the foul air to escape
through the same channel. ’IPhe gullies in Preston were an
instance of this, as unless there was a sufficient quantity of water
there could be no trap, for as soon as the water was evaporated
below the syphon dip, the gully was no longer trapped, and the
sewer was in direct communication with the outer air. The same
state of things existed in Derby and in Leicester. He had
noticed many 'instances, in those towns, where the water had
evaporated below the syphon dip, and where a direct current of
foul air escaped from the sewers, through those defective gullies.
In many cases these gullies were placed within two, or three yards
of the windows and doors of the dwelling-houses. With reference
to the direction of the air passing through sewers, it had been
asserted, in the course of the discussion, that the more powerful the
current of water passing along a sewer, the more powerful would be
the current of air in the contrary direction ; while in one of the blue
books issued by the General Board of Health, it was stated, that
there was always a flow of air in the direction of the sewage current.
He had tried some experiments as to the direction and temperature
of the air in sewers, but he had not found any relation between the
flow of the water and the direction of the air. The latter was
sometimes with, and sometimes against, the sewage flow, and did
not appear to be governed either by the velocity, the tempera-
ture, or the direction of the sewage; but to be determined by the
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various points of ing;ess and egress, and by the number of gullies
and ventilating shafts.

Mr. Lovegrove then directed attention to a model of a vertical
inspection shaft designed to facilitate the cleansing and ventilation
of small sewers, and described its principal effects with regard to
ventilation. Also a form of gully trap combining the three prin-
ciples before adverted to ; to prevent the escape of noxious effluvia
from the sewers, to protect the sewers from the entrance of road
detritus, and to aid in the ventilation of the sewers, by providing
for the admission of air, as a downward current. These subjects
he proposed to bring more prominently before the Institution on
a future occasion.

Mr. WILLIAMS said, in reply upon the discussion, the principal
objection to the Newport works had been, that he had carried brick
sewers too far, and that a saving would have been effected by
using pipes. He thought by referring to the prices given on
Plate 4, it would be seen, that there would have been little saving
by adopting pipe drains in any part. The smallest brick sewers,
14 inches in diameter, were built at a depth of 10 feet, at a cost of
7s. 7d. per lineal yard, including the junction pipes for the house

"drains ; and according to his estimate and experience a pipe drain
12 inches in diameter would have cost that sum, or rather more.
The only cther prices that had been given, were those relating to
the works at Dundee, where the average cost was—brick sewers
33s., and tubular drains 13s. per lineal yard ; whilst he had con-
structed sewers large enough for a man to traverse at 11s. per
lineal yard, and these with radiating bricks, specially made for
the purpose, samples of which were shown. He thought that
a sewer of those dimensions would be preferred to a pipe drain,
through which a man could not pass.

With regard to what had been said, as to the rate of mortality,
he might state, that the average of several years before 1850 was
80-3 per 1,000. He had taken the figures very carefully from
the returns of the registrar of Newport, inasmuch as at the time
be had no opportunity of obtaining the Registrar-General’s Re-
port; and probably there was some difference in the boundaries
of the districts over which the averages had been taken. But, in
confirmation, he read a letter from Mr. W. Downing Evans, the
Registrar of Newport, dated the 13th of February, 1863, which
said, “the number of deaths I registered last quarter was 123,
chiefly from diseases of the respiratory organs; there was not one
case of fever. The mortality of Newport became much reduced
immediately upon the formation of the drainage, and I estimate it
to be now 22 per 1,000.”

Further, in the Report, for the last three months of 1862, of
Dr. Davies, the Medical Officer of Health for the borough, it was
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said, “not one death bas been recorded from continued fever,
which is a most remarkable immunity among so large a population,
and is, no doubt, chiefly to be attributed to our excellent and
thorough system of drainage.”

Mr. HawksHAW, President, concurred in the opinions which
had been expressed, as to the necessity for the thorough ventilation
of sewers. 'The fact seemed to be overlooked, that a sewer was an
inverted receiver, and could not with safety be hermetically sealed.
If the gases were not allowed to go out into the streets, they must
ggss into the houses. Those who comstructed sewers should be

und to provide frequent inlets and outlets, at given distances.
He believed the best way to render sewer gases innocuous was by
a large admixture of atmospheric air. He agreed, that not only
must the gases be let out, but air should also be admitted into
sewers ; he did not, however, quite concur in the suggestion as to
charcoal filters, through which gases had to escape, not because he
did not wish the gases to be purified, but because in proportion
to the extent to which that pll;.n was adopted, would the ingress
of atmospheric air into the sewer be obstructed. He believed,
that if fie sewers of London had ventilating shafts at every
100 yards, by which air could have entrance and exit, the metro-

lis would be in a much better and healthier state; and when

e heard of sewers being constructed wholly without ventilation,
he felt thankful he did not live where such plans were adopted.
With reference to the sample of earthenware invert for sewers,
having at one time filled the office of a Metropolitan Commis~
sioner of Sewers, he had paid some attention to the subject, and
he believed that this plan of invert was a mistake. It was well
known, that the bottoms of the sewers were subject to the greatest
wear, and the inverts, to which he referred, had a thickness of only
an inch. It was along the invert that the grit and other tritu-
rating matters passed, and it formed the pathway for the men,
who used their shovels upon it, when cleansing the sewers, and an
invert, only one inch in thickness, was the weakest and worst thing
that could be applied.

With re to the fouling of rivers, no doubt by vastly in-
creasing the local burdens upon trade and manufacture, means
might be provided for depositing the heavy matters, and for
deodorising and disinfecting the fluid portions of sewage; but
such nuisances were, to some extent, the penalty incurred for con-
centrating the population in dense masses, and it was hopeless to
expect, that the rivers in the neighbourhood of large manufac-
turing towns could ever be restored to their former state of purity.
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February 17, 1863.

JOHN HAWKSHAW, President,
in the Chair.

The discussion upon the Papers No. 1,053, “ On the Drainage
of Dundee,” by Mr. Fulton, and No. 1,054, “On the Sewe
of Newport,” by Mr. A. Williams, was continued throughout t
evening, to the exclusion of any other subject.

February 24, 1863.

JOHN HAWKSHAW, President,
in the Chair.

No. 1,063.—* American Timber Bridges.” By JAMEs RoBERT
Mossg, M. Inst. CE.

IN presenting the following description of American Timber
Bridges, the Author desires to direct attention to some designs,
which, though they may afford only feeble interest to Engineers
in England, are practically the only works available in new and
comparatively poor countries, where the cost of more permanent
structures cannot be supported, but where timber is abundant and
cheap.

TEe magnitude of the rivers in the United States early required
extensive bridges, even for the common roads. Viaducts of con-
siderable length, in spans of from 150 feet to 200 feet, are often
met with, although the financial means of the country had always
an inverse ratio to the work to be performed. Hence structures
of timber are more frequent than those of iron, or stone ; and
the expense of skilled labour in America has still further neces-
sitated the erection of cheap and expeditious works. Indeed, con-
sidering all the circumstances of the early struggles, the rapid
growth of the country, the ﬁast state of the finances, and the
value of money, always worth at least 6 per cent. per annum, it
was evident economy to erect a bridge, costing, say £5,000, even
if it bad to be rebuilt in twelve, or fifteen years, rather than to
construct one at an expenditure of £10,000, which would not

uire renewal. o
n the order of introduction, the first design to be noticed is the
x

[1862-63. N.8.]
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Latrice BRIDGE. The earlier common road bri for spans of
100 feet and upwards, were generally built on the lattice plan.
The sides and the top and bottom chords were formed of planks,
usually 12 finches wide by 3 inches thick, fastened togetEer by
oak trenails 2 inches in diameter. For road traffic, with mo-
derate spans, this bridie answered tolerably well; and several
of the earlier railway bridges were thus constructed. But the
lattice design, having proved insufficient for heavy trains, has
long since been abandoned. Heavy railway traffic has shown
“that, owing to the great number of joints, the shrinking of the
timber in seasoning, and the absence of any heavy continuous piece
of timber, distributing the strains of passing trains over the whole
bridge, and then on to the abutments, the settlement of these
lattice bridges was certain and rapid, so much so as, in some in-
stances, to assimilate to a wooden suspension-bridge. The joints
of the chords tear asunder below, the lattice pieces split, and the
top buckles until the bridge becomes unsafe, or impassable.” To
maintain these bridges, it has always been found necessary to add
some new element of strength, frequently in the form of a queen-
post truss, but more usually by the addition of arched ribs, on each
side, without which many American engineers consider “no railwa
timber bridge safe, or efficient.” They state also, that the arci
has “answered admirably, wherever used either to strengthen a
failing bridge, or as embodying the main principle of strength in
a new one.” Attention has thus been drawn to the defects of the
lattice plan, because it has been erroneously supposed in England,
to be tl?e usual style of American bridges.

After one, or two other designs, which need not be particularly
mentioned, the Howe Bripge (Plate 6, Fig. 1) became exten-
sively used for railways in the United States. The earlier bridges
of this class were usually from 100 feet to 150 feet span ; but arches
are now generally added, when they approach, or exceed the latter
dimension. For spans of 100 feet this design stands well. It is
light, cheap, and very simple in construction. The ordinary price
for a single line, including erection, is from £4 to £5 per line:{ oot ;
and for spans of 150 feet, with arches, from £5 to £6 per lineal foot.

The Howe bridge was the first design in which any camber could
be easily given by means of the tie-rods ; and counter-{sraces were in-
troduced, by which, when keyed up, the bridge could be so stiffened,
that a passing load wassaid to produce no additional strain upon it.
Especial care was also taken in forming the bottom chords, so as to
resist, as much as possible, the teusile strain. As now constructed
the panels are generally from 10 feet to 11 feet wide, and the bottom
chords, four in number on each side, are from 40 feet to 44 feet
long, and 6 inches by 12 inches in section. The bottom chords
thus extend over four panels; and they are so arranged, that there
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shall be only one joint in the chord pieces, in any one panel. Oak
splicing-pieces, 6 feet long, are inserted at every joint, and oak
keys, 12 inches long by 24 inches wide, are let in $ inch between
each chord piece, at intervals of 5 feet; and the whole of the chords
are bolted together by numerous bolts, in order to keep them from
stretching. %shere has always been difficulty in preventing the
extension of. the bottom chord, and in'rendering the bridge rigid.
The former is obviated by the manner in which the chord is made
solid by the oak keys and bolts; and the latter is obtained by
keying up the counter-braces, so as to prevent the undulations
which the trains would otherwise cause. The main braces increase
from the gentre to the abutments; but they are sometimes found
insufficient for the strains coming on them in the first and second
panels. The angle blocks at the top and bottom of the braces are
sometimes of oak, but generally of cast iron. The vertical rods,
" usually three in number in each panel, but sometimes only two,
vary from 1} inch diameter at the abutments to 1} inch diameter
at the centre. The joists, 6 inches by 12 inches in section, rest
on the bottom chords, at distances of 2 feet 9 inches from centre
to centre; and upon these are placed the longitudinal pieces,
which carry the rails.

Plate 6, Fig. 1, is an ordinary Howe bridge of 121 feet span,
built over the James River, at Richmond, on the line of the Danville
Railway. The principal dimensions of this bridge are—Length,
about 1,800 feet ; general epan, 121 feet ; number of trusses, 2;
number of spans, 11; widt‘.ﬁa of panel, 11 feet; total depth of
truss, 20 feet ; and width of bridge outside, 18 feet.

The upper chords consist of two pieces 9 inches by 12 inches,
and four pieces 5 inches by 9 incEes, having a total sectional
area of 396 square inches. The bottom chords consist of four

ieces 6 inches by 12 inches, and four pieces of 5 inches by 12
inches, having a sectional area of 528 square inches. The area of
the bottom chord is always greater than that of the upper chord,
on account of the numerous joints in the former. The end main
braces—eight in number, four at each end of the bridge—are
8 inches by 9 inches, giving a sectional area of 576 square inches
"The counter-braces are 7} inches by 7 inches ; the tie-rods at the
abutments are 1% inch diameter, and have a sectional area of
2 square inches, while those at the centre of the bridge are 1} inch
diameter, with an area of 13 square inch.

These bridges are always built of the best white pine. The
usual quantity of timber in them is about 30 cubic feet per lineal
foot. is, at 351bs. per cubic foot, is equal to 1,050 lbs., and,
adding for ironwork 120 lbs., gives the total weight as about
1,17“(;%9., or little more than half a ton, per lineal foot. Assuming

a load of 2,000 1bs. per lineal foot to be uniformly distribu;ed over
X
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this bridge, or say 3,000 Ibs., including its own weight, then, by
the ordinary calculation,' the strains are—

On the upper chords, compression, 729 lbs. per square inch.

» bottom chords, tension, 547 ,, »
» end braces, compression, 735 ,, »
» end tierods, tension, 15,125 ,, »

It may be interesting to give the ordinary dimensions for a span
of 150 feet, built without arches, on the Portland Railway. Span
in the clear, 150 feet; whole length of chords, 164 feet ; number
of trusses, 2, each 19 feet in height; and number of panels, 14,
each 10 feet 9 inches long. The width of the bridge between the
trusses, if the rails are placed on the top of the bridge, ¥ 12 feet ;
and if on the bottom chord, 14 feet. Two of the lower chord

ieces are 6 inches by 13 inches, and the other two are 7 inches
Ey 13 inches, with a total sectional area of 670 square inches for
both sides. 'The whole of the lower chord, when packed,
measures 13 inches in depth by 30 inches in width. Two of the
upper chord pieces are 6 inches by 10 inches, and the other two
are 7 inches by 10 inches, with a total sectional area of 520 square
inches for both sides. The whole of the upper chord, when packed,
measures 10 inches in depth by 30 inches in width, The main
braces, for three panels from the abutments, are 8} inches b
10} inches, the rest of the main braces being 8 inches by 10
inches. The counter-braces are 7 inches by 9 inches. The main
tie-rods are 1% inch diameter; three panels from the abutments
having three rods each, and the other panels two rods each. The
diagonal braces are 6 inches by 7 inches, and the bolts through
these diagonals are 1} inch diameter. The splicing bolts through -
the chord pieces are always %hind‘ diameter.

Assuming the same weight, 3,000 1bs. per lineal foot, to be
equally distributed over this structure, the strains are—

On the upper chord,  compression, 901 lbs. per square inch.

» bottom chord, tension, 694 ,, ’»

5 end xpain braces, compression, 750 ,, »

» end tie-rods,  tension, 18,750 ,, »”
! In the case of the upper chord,

121 X 8,0001bs. x 121

In that of the bottom chord,
121 X 3,000 ibs. x 121 _

528 (arca) X 8 x 19 547 Tbe. " »

The strain on the last main brace is,

121 X 3,000 Ibs. X 21 feet diagonal = _ o0 11
8 braces X 8in. X 9in. X 18 feet height — oo n

The strain on the end tie-rods is,
121 x 3,000 1bs.

12 (No.) x 2 inches arca

15,125 1bs. » »
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It will be observed, that in this case the strains are considerably
greater than in the first example, of 121 feet span, and that the
compression of 901 1bs. per square inch on the upper chord reaches
the limit of a safe strain. It is not likely, however, that this
bridge will ever be loaded to the amount assumed. At the same
time it should be remembered, that the pressures above men-
tioned are those resulting only from the dead weight, and that
they do mot include the strains caused by the concussion of
traius.

It will be evident from what has been stated, that for the in-
creased weight of trains and the enlarged span of railway bridges,
it was afterwards found necessary to strengthen the Howe Bridge,
’IF arches on each side of the truss. This ImPRovED HowE

RUSS, as it is called, for several years came into general use.
Plate 6, Fig. 2, gives one of the best examples of this bridge,
built for a double line on the Philadelphia and Reading Rail-
way, where it is subject to the heaviest traffic in America.
The principal dimensions are, span 160 feet in the clear. The
trusses are three in number, and 23 feet deep ; the upper chords
are composed of four pieces, each 15 inches deep, and together 27
inches in width, The bottom chords are also of four pieces, each
20 inches deep by 27 inches in total width, keyed and bolted to-
gether in the manner described in the first example. The sectional
area of the upper chords is, therefore, 3 x 15” x 27" = 1,215
square inches, and that of the bottom chords is 3 X 20" x 27" = 1,620
square inches  The arches, six in number, one on each
side of each truss, are formed of the best pine, in pieces about
24 feet long by 4} inches wide and 15 inches deep. There are
four such pieces in each arch, making together 8} mches wide by
30 inches Xeep, and giving a sectiona% area of 255 square inches.
These pieces are made to break joint at every 6 feet. Timber
arches have not unfrequently been built of pieces 6 inches square ;
but they are very rarely constructed of laminated 3-inch planks
in the manner formerly practised in England. The thicker pieces
are found to be a convénient size, and are considered preferable,
as there are fewer joints by which water can penetrate. Care is
always taken that they break joint in the most approved method.
The sectional area of the arches is, therefore, 6 x 84" x 30" =1,530
square inches. The main braces are 8 inches by 10 inches ; the
counter-braces being 8 inches by 8 inches, The width of each

nel is about 10 feet 3 inches, and the vertical tie-rods are 13
inch diameter.

_. Referring to this bridge, Mr. G. A. Nicolls, the Chief Engineer
of the Railway, states that “it is composed of a combination of the
Howe truss and arch, and is susceptible of having the strain borne
by each, either exactly equalised, or as much thrown upon either
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truss as may be desirable. . . . No other combination of bridge

the strength and efficiency of this plan. We have bad
oaded coal-waggons, which got off the rails on a grade above this
bridge, in a train weighing 700 tons, brought up, all standing,
inside the bridge after knocking out, or breaking, several of the
main braces of the Howe truss, thus leaving the whole bridge and
train suspended by, and depending upon, the arch alone, while
trains were passing on the other line of raila”

As before remarked, this bridge affords an excellent example of
a timber structure subject to very heavy loads ; for the coal traffic
which passes over it is unusually large, amounting to fully 13 mil-
lion tons per annum, or more than 5,000 tons daily, besides the
ordinary passenger and goods trains.

It appears, by calculation, that the strength of this bridge is
considerably in excess of what may be deemed necessary. For,
supposing t{e bridge to be covered on both lines with locomotives,
or say 3 tons per lineal foot equally distributed, including the
weight of the structure itself, then if the load be borne equally by
the upper chords and the arches, the compressive strain on the
former is 292 lba,, and on the latter 237 Ibs. per square inch ; and
supposing the load to be sustained by the arches alone, the pres-
sure, even then, only amounts to 468 lbs. per square inch, while
practically the bridge is never likely to be loaded to this extent.
About 900 Ibs. per square inch is usually considered by American
Engineers to be the limit of safe compression on timber framing.

The followin% are approximate quantities of the materials in
this bridge, exclusive of the roof. Timber 10,554 cubic feet;
wrought iron 22 tons, and cast iron 7 tons; or, per lineal foot
of bridge, 58 cubic feet of timber, 270 Ibs. of wrought iron,
and 76 lbs. of cast iron: the total weight being a little over one
ton per lineal foot. The cost of this bridge, for a double line,
with three trusses, *exclusive of the masonry and roof, but in-
cluding all materials, timber, iron, castings, kyanizing, mechanical
work and erection, while the full business of the railway was
E;esm% at the same time, amounted to £1,868, or £10. 3s.

ineal foot. Under ordinary circumstances it is believed the bri
could have been put up for £100 less, as the passage of numerous
trains interfered greatly with the workmen.”

These bri are usually built with about 12 inches of camber,
and as r deflection, Mr. Nicolls states * that a well-built
timber bridge in America would not settle more than 3 or § inch
under a heavy engine and train;” and that “on the Philadelphia
and Reading Railway one of these bridges settles only } inch
under an engine of 28 tons hauling a train weighing 0'64 ton per
lineal foot.” The Author presumes this deflection was measured
shortly after the bridge been erected ; for heavy trains, and



AMERICAN TIMBER BRIDGES, 311

the decay of the timber at the joints, tell upon these structures so
much, that they soon deflect, and do not last in good condition
more than from twelve to fifteen years. This heavy wear and tear
results, in a great measure, from the unseasoned state of the tim-
ber when it is framed. It is generally very difficult to get seasoned
timber anywhere in America, and much more so on a railway;
and timber put into framing green from the woods, say within two,
or three months after being cut, cannot be expected to stand. To
obviate the effects of the shrinkage, which will necessarily take
place, much greater care and attention are requisite, than are
generally bestowed; so that these causes combined, readily
account for the short duration of timber bridges. It is the custom
to cover these structures with a roof, and to close in the sides with
boarding 1 inch thick ; and when thus protected from the weather
and cared for—any shrinkage of the braces being immediately
remedied—it is believed these ‘bridges will remain in good con-
dition double the usual time, or about twenty-five years.

There are, on the other hand, Engineers in the United States,
who do not approve of the arch in combination with the truss.
They hold that a structure composed of two systems, neither of
which is strong enough by itself, is defective in principle, and they
state it to be very difficult, if not impossible, so to proportion the
weight upon each system, as to make each bear its proper share.
Practically the best mode of obtaining this combined action, seems
to be, the removal of the scaffolding before the suspension-rods
from the arches are secured to the joists, and then by tightening
these rods to make the truss rise slightly. These Engineers are
of opinion, that the better plan is to follow one system ; either to
place in the truss the material used in the arch, thus making the
truss sufficiently strong by itself, or to depend entirely upon the
arch, and use a light truss merely to stiffen the roadway. There
is also a minor objection to the combination, viz. that in a climate
varying 150° in temperature, the rods which suspend the roadway
from the arch, being of unequal lengths, will expand and con-
tract considerably and unequally, and thus give much trouble in
keeping them somewhat, not to say uniformly, adjusted. The
arched bridge has likewise the disadvantage of requiring the piers
to contain at least twice the quantity of masonry which would be
sufficient for a truss bridge, having no horizontal thrust.

The piers of American truss bridges are generally well built, of
solid granite ashlar masonry, but they are remarkably slight. When
from 60 feet to 80 feet in height, the piers are usually 5 feet thick
at the top, but many are only 4 feet thick. They are generally
built with a batter of } inch to the foot at the sides, and ordinarily
stand well. Granite being abundant in all the Eastern States,
brick piers are comparatively rarely built. On a railway in Vir-



312 AMERICAN TIMBER BRIDGES.

inia, on which the Author was engaged, a viaduct 2,000 feet in
ength and averaging 80 feet in height, was carried on brick piers
of the following dimensions, built hollow, and not filled with con-
crete, but having a centre cross wall :—Height 80 feet, width of
the pier at the bottom 26 feet 8 inches, and at the top 20 feet.
The external breadth at the bottom was 13 feet 8 inches, and at
the top 7 feet. The thickness of the walls at the bottom was, two
walls each 3 feet 4 inches, making 6 feet 8 inches, and at the top,
two walls each 2 feet 4 inches, making 4 feet 8 inches. For

8 feet below the top of the pier, the brickwork was solid, so as to-

receive and distribute the concussion caused by the trains. These
piers are said to have stood satisfactorily.

With reference to the great height of some timber piers, it ma
be interesting to mention, that on the Buffalo and New Yor
Railway, a truss bridge has been erected across the Genesee River,
supported on trestles of timber framing 190 feet high, the total
height from the bed of the river to the rails being 234 feet. This
viaduct is 800 feet long, and has nine piers each about 190 feet in
beight. It was commenced in July 1851, and was finished in August
1852. It is still in use, and has never failed in any particular, ex-
cept by the natural decay of the timber, which is so framed without
mortices, or tenons, that any decayed pieces can be easily replaced.
This work contains,—timber 133,500 cubic feet ; ironwork, bolts,
&c. 108,862 lbs. ; masonry in cement, 9,200 cubic yards.

Timber-bridge building has become an especial branch of En-
gineering in the United States, and there are several firms who
devote their whole time to this subject. The large number of
bridges required for 30,000 miles of railway has necessarily given
great field for experience, and many designs having been tried,
the plan of bridge now the most general, becomes of course the
more valuable. Of the firms alluded to, one of the most eminent
is that of Mr. D. C. McCallum, an Engineer of high standing, who
was for several years the manager of the New York and Erie Rail-
way, a length ofy 460 miles, exclusive of branches. The INFLEXIBLE
ArcHED TRUSS being now probably in more general use than any
other bridge, Mr. McCallum has, at the request of the Author,
furnished the plans shown in Plate 6, Figs. 3 and 4. The Author
would remark, in passing, that he believes the first mention of this
bridge, and of Mr. McCallum’s admirable system of working trains
by the electric telegraph, will be found in Captain Galton’:%beport
on the Railways of the United States.! '

Plate 6, Fig. 8, is a railway bridge, for a single line, 200 feet
gpan; several of which have been erected in the States of New

1 Vide “ Report on the Railways of the United States.” By Captain Douglas
Galton, B.E. Folio, London, 1857, v Lep
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York, Ohio, and Mississippi. =~ The principal dimensions are:
length, 210 feet ; span, 200 feet; depth of the truss in the centre,
26 feet, and at the ends, 21 feet. The arched top has two pieces,
7 inches by 11 inches, one piece 16 inches by 11 inches, and one
piece, 7 inches by 11 inches, together giving a sectional area of
407 square inches, or for both sides, of 814 square inches. The
bottom chord is composed of four pieces, each 7 inches by 14 inches,
but which only afford an available clear sectional area, excluding
notches and scarfs, of 234 square inches, or 468 square inches for
both sides. The main braces, which project 32 feet from the pier,
are each 11 inches by 16 inches, and give a sectional area of
704 square inches on each side. The posts, of which there is a
double row, inserted between the chords, vary from 9 inches by
13 inches at the abutments to 9 inches by 6 inches at the centre.
The counter-braces are 9 inches by 6 inches throughout.

It is desired to direct special attention to the manuer in which
the bottom chords are scarfed, by long splicing pieces and by com-
bination keys, let 1 inch into each chord, at every 4 feet, or 5 feet,
and by numerous bolts, so as to prevent them, as much as possible,
from stretching. It will also be noticed, that the spur-arch braces
transfer the load directly on to the abutments; therefore the braces
at the ends of the bridge are relieved from a large portion of the
strain which would otherwise fall upon them, and the span becomes
practically reduced, so far as the strain on the truss is concerned,
to 136 feet. This bridge contains 7,360 cubic feet of timber,
6,958 lbs. of wrought iron, and 5,997 lbs. of cast iron. It cost,
including erection and every expense, £5. 4s. per lineal foot ; the
rough timber being taken at one shilling r cubic foot, delivered
on the site of the work. _The total weight, including the perma-
nent way, is 109 tons. When loaded with 205 tons in addition,
or say 314 tons equally distributed, the pressure on the arched top
will {e 862 Ibs. per square inch, and the tension on the bottom
chorde will amount to 1,500 Ibs. per square inch.

Mr. McCallum has informed the Author, that this bridge, when
loaded with locomotives and tenders, the whole weighing 195 tons,
“or very nearly one ton per lineal foot, deflected about § of an
inch previous to any adjustment of the counter-braces; that while
the load was upon the bridge, the counter-braces were screwed
down, and when the load was removed, the structure rose slightly,
due to the compression of the counter-braces, but leaving a perma-
nent deflection caused by their action of nearly § of an inch.” In
the calculation as to strains, ‘“ the strength has been considered as
a truss simply, without taking into account the arch brace system,
which of itself is sufficient to sustain both the bridge and the load.”

As bearing on this point, Mr. Gardner, the §uperintendent of -
Bridges on tﬁe Ohio and Mississippi Railway, states that “ on the
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12th of March, 1858, an engine was thrown off the rails 100 yards
distant from a McCallum bridge of 94 feet span. The train was
running at high speed, and before it could be stopped, the engine
had reached the centre of the bridge with all its wheels off the
rails, and upon it. were piled, one baggage van and two passenger
carriages. The concussion broke the lower chords of both trusses
of the bridge, together with six posts, twelve braces, and thirty
floor beams. The engine, after having passed through the floor
timbers, was arrested in its course by coming in contact with the
longitudinal rail pieces and the lateral rods. The lower chords
being broken, the whole train was prevented from falling into
tllle stream, by the sustaining power of the arch and arch braces
alone.”

It will be remembered that a similar accident, exhibiting the
strength of the arch, has been previousli mentioned respecting the
Improved Howe Truss,' which formed the last example ; and that
the deflections of both these bridges were not only very slight, but
were nearly identical.

In Appleton’s ¢ Mechanics' Magazine and Engineers’ Journal,’
1st April, 1852, it is stated that, on the 29th January of that year,
a McCallum bridge, 190 feet span, built over the Susquehanna
River, was tested by a number of engineers and bridge-builders,
by running from one to four locomotive engines and tenders over
it at different rates of speeds. “Upon placing, first, one engine
and tender upon the centre of the bridge, and noting the deflection ;
then bringing on successively the second, third, and fourth, and
arranging them as near the centre of the bridge as possible, the
deflections were found to be as follows :—

Gross Weight. Di%ﬂ%get;zn
One engine and tender . . 37 tons 0-02
Two ,, ” . . 8 0:04
Three ,, " .. 125, 0-06
Four ,, . . . 167 0-06

“On removing these engines from the bridge, it was found that
the truss had entirely resumed its original level, showing that the
elasticit{wof the timbers was unimpaired.” Referring to this
bridge, Mr. Post, Chief Engineer of the New York and Erie Rail-
road, stated, in a letter dated May 15th, 18582 that it had “ been
in use nearly seven years, without having cost one cent for watch-
men, adjustment, or repairs, except a coat of paint last year, and

1 Vide ante, & 309.

? Vide “ McCallum's Inflexible Arched Trust Bridge.” Explained and Illus-
trated. By D. McCallum. Tract 8vo. Plate and Cuts, New York. 1859.
Page 41 et seq. .

3 Ibid. p. 46.
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is now in perfect condition.” Mr. Post also states, that there are
on that railway one hundred McCallum bridges, on the aggregate
nearly 3 miles in length, subject to passenger trains of 100 tons, at
speeds of from 25 to 50 miles per hour; that the average weight
of the goods trains passing over these bridges is 262 tons, at

o§ from 15 to 20 miles per hour; and that there are about
teu trains of each class daily, besides those employed in ballasting,
moving wood, and the other supglies of the railway. As reia.rgs
the durability and economy of these bridges, Mr. Post speaks of
them in the highest terms, preferring them to “any other in use
for railroad pu ?

The Author is informed by Mr. McCallum, that “there are at
present nearly 15 miles in length of these bridges upon different
railways, in spans varying from 30 feet to 260 feet in the clear,
and in no case have they been so unfortunate as to_have a failure.”
The spans of 260 feet here referred to, the largest yet constructed
on this principle, are those built on the New York and Erie Rail-
way, over the Delaware River; but Mr. McCallum expressed to
the Author, a few months back, his entire confidence in erecting
similar spans of 300 feet in the clear.

‘Plate 6, Fig. 4, is a design for a railway swing bridge, having two
openings of 150 feet each, to be erected over the Mississippi River
at Clinton, in Ohio.  Several railway swing bridges, with spans of
120 feet each, have been already constructed on a similar plan,
with complete success ; and although, owing to the present condition
of America, the particular bridge in question has not yet been erected,
Mr. McCallum, from previous experience, has perfect confidence in
its feasibility. The principal dimensions are—length, 335 feet ;
length over turntable, 30 feet, and diameter of turntable, 29 feet;
clear span of each opening, 150 feet ; depth of the truss at the centre
84 feet, and at the ends 10 feet. The arched top is composed of
four pieces, each 6} inches by 10 inches, giving a sectional area
of 268 square inches on each side. There are also three pieces of
straining beams, about 8 inches square, which extend in different
lengths from the centre towards the ends, to strengthen the top
when the bridge is open. The principal spur braces, 8 inches by
14 inches, extend on both sides, about 80 feet from the turntable.
It will also be noticed, that in addition to the ordinary posts and
diagonals, this system of spur bracing pervades the whole structure.
The bottom chord is formed of four pieces, each 6} inches by
12 inches, scarfed and stiffened by combination keys and numerous
bolts, the sectional area being 312 square inches on each side.
The quantity of timber in this bridge is about 12,600 cubic feet,
of wrought iron, 18,973 1bs. ; and of cast iron, 17,8451bs. The
total weight may be taken at 200 tons, or, not including the cen-
tral portion, 90 tons for each span. If to this weight a load of
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1 ton per lineal foot be added, making 240 tons equally distri-
buted over each opening, the strains will be—

On the arched top, compression, 808 lbs. per square inch.
On the lower chord, tension, 1,077 lbs. »

When the bridge is swinging open, there will be,—
On the arched top, tension, 1,218 lbs. per square inch.
On the lower chord, compression, 609 lbs. »

In the above and previous calculations respecting the bri
shown in Fig. 3, whicl}: are quite independent of the spur br(i%:

stem, the tension has been taken on the available sectional area of
the bottom chord ; in other words, usually on the area of three of the
chord pieces instead of four, as one of these pieces having a joint
in every panel is seldom included in such estimates. If the spur
braces should take the whole of the weight of this bridge wEen
open, they would be subject to a strain of from 600 lbs. to 700 lbs.
per square inch. In order to prevent any sinking of this bridge at
the ends, the truss can be adjusted by means of the counter-braces,
and provision is also made to bring the spur braces into action, so
as to obviate that tendency. The bridge swings on a turntable
29 feet in diameter, and it is said will require only two men to turn
it. The cost of this structure, including the turntable and erection, -
will be about £10 per lineal foot.

With reference to the deflection of railway timber bridges after
several years’ use, Mr. McCallum informs tie Author that, «“the
earlier bridges were constructed of timber in every condition, from

rfectly green, or wet to nearly seasoned ; that spans from 150 to
]2)?)0 feet were cambered in the chord from 6 inches to 10 inches
according to the state of the timber ; and that very few, if any, of
the bridges have deflected below a straight line.”

Plate 6, Fig. 5, is a McCallum common road bridge of 150 feet
span,—a dimension in more general use than any other. This
design is similar in principle to that shown in Fig. 3, though built
with only a single row of posts, and with timbers of light
scantling. The following are its principal dimensions, length,
155 feet; span, 150 feet; width in the clear, 20 feet; depth
of the truss at the centre, 20 feet 6 inches, and at the ends,
16 feet 6 inches. The arched top is composed of two pieces
7 inches by 10 inches, and of two pieces, 6 inches by 8 inches,
giving a sectional area of 236 square inches. In the bottom chord,
there are two pieces 7 inches by 12 inches, making a sectional
area of 168 square inches on each side. The braces are 8 inches
by 10 inches at the abutments, and 6 inches by 10 inches in the
centre. Taking the weight and load of this bridge to amount to
1 ton per lineal foot, the strains will be, on the arched top, with
a sectional area of 472 square inches, 685 lbs. per square inch;
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on the bottom chord, with a sectional area of 336 square inches,
961 Ibs. per square inch. The quantity of timber is 23 cubic feet
per linane foot; and the entire cost of the bridge, including erec-
tion, amounts to only £3. 2s. 6d. per lineal foot, the rough timber
on the ground being estimated at ninepence per cubic foot.

Plate 6, Fig. 6, 13 a simple adaptation of the Howe Truss to
roofs of considerable span,a very common conmstruction in the
United States. The span of this roof, erected at the Dunkirk
Station of the New York and Erie Railway, is 80 feet, though
similar roofs are frequently found of greater width. The top and
bottom chords are formed of the following scantlings :—two pieces,
each 5 inches by 7 inches, Eiving a sectional area of 70 square
inches ; and one piece 6 inches by 7 inches, with a sectional area
of 42 inches, together amounting to 112 square inches. The braces
diminish from 5 inches by 7 inches at the walls, to 5 inches by
4} inches at the centre. The counter-braces, 5 inches by 3 inches,
remain the same throughout. This roof is chiefly remarkable for
the lightness of the scantlings, only two pieces of timber being as
large as 6 inches by 7 inches, and most of them being about 5 inches
by 7 inches. A principal of this roof contains 280 cubic feet, and
at the ordinary price for timber framing, would cost, including
erection, about £35.

In concluding this slight sketch of American Timber Bridges, the
Author feels it to be unnecessary to go more into details, even if
the limits of a single Paper did not preclude his doing so. He
avails himself of this opportunity to record his best acknowledg-
ments to American Engineers, for the courtesy they have invariably
shown, in taking him over their works, and in affording him every
information and assistance in their power.

The Author believes that these bridges have been accurately
designed in proportion to the strains coming on the timbers in the
several parts ; but whatever may be their merits, or their faults, they
have uced good practical results and will bear investigation.
This Paper is presented in the hope that these specimens of timber
work, the result of many years’ experience, and the adaptation of
the only available resources of a new and comparatively poor
country, may be found interesting to the Members of the Institu-
tion of Civil Engineers.

 The Paper is accompanied by three drawings, from which
Plate 6 has been compiled.

[Mr. ZerAr COLBURN
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Mr. Zerar CoLBURN thought the Paper gave a very complete
account of the construction of American Timber Bridges, but it
hardly contained sufficient information to lead to a correct judg-
ment as to the relative merits of timber and of iron. Timber had
been almost exclusively used in the States, for railway bridges,
chiefly because iron was beyond the means of the Railway Com-
panies, and partly, no doubt, because its application was not so
well understood. American Engineers had perhaps made a virtue
of necessity, but Mr. Colburn thought there were but very few
among them who would not prefer iron, or stone to the beat timber
bridges ever built. Whatever form of truss was employed, timber
bridges were very perishable, and they were always liable to
destruction by fire. The Report, for 1857, of the chief Engineer
of the Pennsylvania Central ﬁ)ailroa.d, contained the following re-
marks :—

“The bridges have all undergone a thorough examination, and many of
them found to be much decayel}. This examination leads to the conclusion,
that about nine years is as much as can be calculated upon for the dura-
tion of an uncovered wooden superstructure; and when the liability to
fire and the expense of watching are taken into consideration, shows most
conclusively that economy, as well as safety, is in favour of iron struc-
tures.”

The following classification of bridges was given by Mr. Post,
formerly chief %Engineer of the New York and Erie Railroad,
one of the most important lines in the States, in his Report on
that line for 1857 :—

‘““A represents bridges of the first class on this, or any other railroad.
Their superstructures, composed principally of white pine, white oak, and
iron, have been oonetructetl in the most substantial manner from the best
materials, and remain in every way sound and in perfect condition.
When first put together, the joints were thoroughly inlaid with white lead
and oil paint, and as soon afterwards as the timber became perfectly
seasoned, their external surfaces were well painted, the season checks
cemented, and other exposed points protected, so that the timber is
almost completely secured from the effects of the weather and preserved
from premature decay. If kept properly painted, these bridges will, un-
questionably, with very little other repair, perform their offices well, and
with perfect safety, for twenty years, or more. B represents bridges of
the second class on this road. ey were built of inferior timber, with
little, or no mechanical skill, and are, generally, of too slight proportions
to be of long duration. The greater number of them have%.»een supported
with ‘bents’ from the beds of the streams, &c., or strengthened by other
expedients. They may probably be made to last, from the time they were
built, about fifteen years. © represents bridges of the third class on this
road. They are built of inferior timber, but are generally of good work-
manship. Their most general defect is the weakness of their lower chords,
which were not made up with strength enough to resist the tensile strain
to which they have been subjected. With but a single exception, these
bridges have failed, so as to require supports beneath, or to be strengthened
by applying additional thickness of timber to the chords. There have
been alrwgy expended, for repairs on these bridges, from five to six and a




E 6, VOL: Xxu

LBJRN






AMERICAN TIMBER BRIDGES. 319

half dollars per linea! foot, and manr of them require renewal this year.
The averace wear will not probably exceed ten years. E represents
bridges of the fourth class, or trestle bridges. They oost, aside from their
foundation masonry, about eight dollars per lineal foot for single track,
and will give about six years’ service with small repairs—say at an a.vemge
cost of twenty-five cents per foot per annum. Many of these have already
been renewed. D r?resents bridges of the fifth class, or stringer bridges.
They cost, independent of their masonry, about five dollars per lineal
foot, and will last altogether about eight years. Many of them have been
renewed.” .

Mr. Colburn stated that the New York and Erie Railroad Com-

Ean was then expending £9,000 yearly in the repairs of timber

ritéa, exclusive of costly renewals. As an instance of what
these renewals sometimes were, might be mentioned the Cascade
Bridge, a timber arch of 276 feet clear span over a ravine 185 feet
deep. This bridge was put up in 1848, and cost £9,000. In
1860, from fears of the failure of the bridge, the line was diverted
80 as to cross the stream higher up, and on an embankment over a
stone culvert. The cost of this deviation was £21,000. The
bridge was taken down immediately afterwards, and many of the
timbers were found to be in a rottenstate. Indeed timber bridges
were always rotting. In 1858 a short bridge broke down under a
passenger train on the New York Central Railroad, and nine pas-
sengers were killed. It was found that some of the timbers were
so decayed that a walking-stick could be pushed through them.
In 1860 a bridge broke down on the Albany Northern Railroad,
and a number of ngers were killed. In this case, too, the
timbers were much decayed. A bridge broke down about the
same time on the Great Falls and Couway Railroad, in New
Hampshire, and some time previously a large railroad bridge fell
near Easton, Pennsylvania. Ome of the railway papers, the
¢ American Railway Times,’ had a leading article, stating that
there were t numbers of railway bridges just as unsound as
the Great Falls Bridge and the Albany Northern Bridﬂ:. The
article stated, that the editor could name ten bridges which were
likely to fall in a fortnight, twenty bri which might come down
any time within six months, and forty bridges which were not safe
for more than a year. Mr. Colburn could not say whether any of
these bridges had yet broken down, but he had just received a copy
of the ¢ American i;ailway Times,” from which he read the follow-
ing extract: —

“On Monday, December 1st, the Howe Truss Bridge over the West
Fork of White Lick Creek, gave way while a freight train was Es:sing, and
a portion of the train fell with it, killing a brakeman, Isaac Pratt, and a
stranger, who was standing on the east abutment. The bridge had been

well protected from the weather, and the timbers were all sound. Every
precaution had been taken to guard against such an accident.”

In very many cases American bridges were built of unseasoned
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timber, and they were not always painted. There was sometimes
a deficiency of skill in the distribution of the material. The top
and bottom chords, and also the diagonals, were often of the same
scantling all the way through; even for large spans. Besides the
decay of the timbers, the joints worked loose after a time, and in
this way timber bridges finally became very shaky. Mr. Colburn
believed this was the case with the very best forms of truss, and the
inferior kinds began to go very soon. There was a large lattice
bridge of nineteen spans of 153 feet each, and nearly 100 feet
high, over the James River, at Richmond, Virginia. This was
erected about the year 1835, and when Mr. Colburn was living
in Richmond, eleven years ago, it was considered to be very weak,
even for light trains crossing at a slow speed. Mr. Colburn was
connected with locomotive works there, and the Railway Company
objected to their heavy engines being taken over the bridge when
they were being sent southwards. It was a rule, on most American
railways, to cross long timber bridges at a slow speed, and on
highway bridges there was almost ﬁays a notice, that a fine of
five dol{am would be imposed for driving a horse over faster than
a walking pace.

Fires were very frequent among timber bridges. Mr. Colburn
could mention a dozen within his own recollection. The White
River Bridge across the Connecticut River, about twelve years
ago,—the Coosa River Bridge on the Alabama and Tennessee
Railroad, about eight years ago,—the Mohawk Bridge on the New
York Central Railroad,—the Orwigsburg Bridge on the Reading
Railroad,—the Salmon Falls Bridge on the Boston and Maine
Railroad,—the Valley Creek Bridge on the Philadelphia and Co-
lumbia Railroad (the first bridge was built here in 1837, and the
third was now standing on the same site),—the Lackawaxen
Bridge on the New York and Erie Railroad,—the Conewago Bridge
on the Lancaster and Harrisburgh Railroad (the first bridge was
built here in 1837, and the fourth was now standing), besides
bridges on the Pittshurgh, Fort Wayne, and Chi Railroad,
the railway bridge over the Middlesex Canal at Lowell, and
others. A roadway bridge over the Schuylkill River, at Phila-
delphia, a single span of 340 feet, and one of the best examples
of this class of construction, was also burnt.

All long bridges required watchmen, generally daly and night.
The Baltimore and Ohio Railroad paid £1,600 yearly for watch-
ing bridges. Large tubs of water were kept on the bridges, the
water being saturated with salt, to prevent its freezing in winter.
There were cases of incendiary fires. Many attempts had been
made to burn the great bridge across the Mississippi River at
Rock Island. The Michigan Central Railroad had several
bridges burnt at one time. Since the beginning of the present
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war many bridges, of course, had been destroyed, and chiefly by
fire

Mr. Colburn then gave the cost of a number of American
timber bridges, as follows :—The Bedford Bridge, on the Cleve-
land and Pittsburgh Railroad, a Howe bridge with an arch, had a
clear span of 243 feet, was for a single line, and was 20 feet high:
it cost 30 dollars per foot. A single line, Howe span of 230 feet,
without an arch, and 24 feet hig% in the truss, erected, in 1853,
on the Rochester and Lockport (now part of the New York
Central) Railroad, cost 35 dollars per foot. A Howe bridge with-
out an arch, of 250 feet clear span, on the Washington county
road, in Texas, cost 60 dollars per foot. An arched Howe bridge
over the Connecticut River at Bellows Falls, having two spans,
each 250 feet in the clear and 23 feet high, cost 35 dollars per
foot. The bridge over the Mississippi River at Rock Island had
five spans of 250 feet each, and three spans of 150 feet. The
wider spans cost 52 dollars per foot ; the spans being Howe’s truss,
with arches, and the timbers all planed. The Miami Bridge on
the Ohio and Mississippi Railroad had- six spans of McCallum’s
truss, each 210 feet, and cost 33 dollars per foot for a single line.
The Delaware Bridge on the New York and Erie Railroad had
two of McCallum’s spans of 262 feet each, and cost 42 dollars per
foot. The Susquehanna Bridge on the same line, with 188 feet
spans, cost 35 dollars per foot. The Clinton Bridge on the Galena
and Chicago Railroad had seven McCallum spans of 200 feet, and
cost 28 fiao%lars r foot.

Mr. C. H. GreGory, V. P, considered that the remarks of
Mr. Colburn tended to confirm the prices given by Mr. Mosse for
the constructions described in the Paper. Of course the cost
would vary according to the character of the work, the locality,
and the convenience of transport of the timber. Mr. Mosse’s
opinion of the durability of these bridges was not inconsistent with
what had just been stated; for the Paper no doubt alluded to
bridges which had been well and carefully constructed : but when
rougii-;'.executed, of inferior materials, such bridges could not be
expected to be durable. The Paper would be a valuable addition
to the records of the Institution, as affording instances of the most
approved forms of timber bridges, derived from the large experi-
ence which had been gained in those parts of America where
timber was readily obtained, and where other circumstances had
led to its extensive employment on public works. Of course
English Engineers preferred, if possible, using the most permanent
materials ; but there might be circumstances where a limited
amount of capital, or a high rate of interest for money, might
render it more economical to put up a cheap and temporary struc-
ture, to be renewed in a certain number of years. Any English

[1862-63. N.8.] Y
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Engineer who had travelled in America, would agree with the
remark, that many of the timber-trussed bri were not put
together in a way to answer the description which bad been given
of the well-executed structures referred to in the Paper, and he
would observe that a cheap and rough description of work was not
limited to timber bridges, but that it extemfed to the permanent
way of railways, in which it was no uncommon circumstance to
find ballast entirely omitted in the first construction: and although
there might be rules for limiting the speed of the trains in passing
timber bridges, his own experience was that the general custom
was to travel without checking the speed, even over timber bridges
of very doubtful security.

He agreed that one great fault in the timber bridges used in
America was their liability to destruction by fire. Numerous in-
stances of such destruction had come to his knowledge when travel-
ling in Canada and the Northern States of America ; and althou
he had not seen many watchmen in charge of timber bridges, he
bad noticed the evidence of contemplated risk in the frequent
presence of water-tanks near the bridges. This risk of fire was
rerhaps in America the most serious objection to the use of these
arge timber bridges; and it was difficult to estimate the evils
which might arise, either through loss of life consequent on the
destruction of a bridge by fire, or the unavoidable and serious
interruption of traffic, after a bridge had been so destroyed. In
1857 he had examined and reported on the Grand Trunk Rail-
way of Canada, where the bridges executed by the Company were
all of a character as permanent as those of an Englisﬁarailway,
but on the line between the Atlantic and the St. Lawrence, which
had come into the Company’s possession, the numerous large river
bridges were almost invariably of one, or other of the forms which
had been described ; and having reference to all the circumstances
of the case, to the increased facility in the introduction of iron, and
to the fact that a large number of these bridges, however good in
design, had not been executed with that care which was essential to
make them safe structures, and considering also the great risk of
fire during the hot and dry summers of that country, he bad
thought it his duty to recommend, in every case, the substitution
of wrought-iron girder bridges, at the earliest possible period.

At the same time he thought Engineers were too apt to look
upon structures of wrought-iron as being of an absolutely perma-
nent character. There was always a deteriorating action going on
in them to a greater, or less extent; aud where box girders were
used, or any structure not of the simplest form, and perfectly ac-
cessible for repair, and for protecting all parts, by paint, from
atmospheric influences, this deteriorating action might, in a few
years, reduce to a most temporary character, and even to a dan-



AMERICAN TIMBER BRIDGES. 323

gerous condition, some bridges which were considered as being
necessarily durable, because gesy were made of iron: and whilst
many wrought-iron bridges were undoubtedly monuments of
genius, ability, and courage, he thought the time would come
when, if wrought-iron bridges were not looked upon as being
‘pro tanto’ as temporary as wooden ones, they would not be

opted by English Engineers, in some of their present forms, so
generally as was now the case.

Mr. A. S. OrMsBY stated, that he had been informed by the
President of the Richmond and Petersburgh Railway, that the
expense of the insurance of the bridges on that line, which were
all of wood, amounted to 15 per cent. upon the cost of each

brid

Nﬁs CockBURN CURTIS observed, that when employed upon rail-
ways in Spain he had some opportunity of witnessing the great
expense, annoyance, inconvenience, and interruption to the traffic,
which arose from the employment of timber bridges and viaducts.
To effect a saving of first cost, many of the bridges of the lines,
in the central portion of Spain, had been constructed of timber.
But the subsequent outlay for repairs and renewals certainly could
not have been less than that stated by Mr. Zerah Colburn in
reference to the American lines, Another drawback to their em-
ployment in Spain was their liability to be burnt in the pronuncia-
mentos and insurrections, to which that country, unhappily, seemed
chronically liable. ~While Mr. Curtis was in Spain the large
bridge across the River Turia, near Valencia, had been so de-
stroyed, and owing to the cost and danger of using timber, the
leady;ng lessees and empresarios of the main lines, in the central
portion of Spain, had determined upon substituting iron girders for
the original timber structures.

Mr. SHEILDS thought some additional information was required
as to the details of construction. Every one dealing with framing,
whether of wood, or iron, knew that the method of joining the
separate pieces, or together was the most critical point to be
considered in the design. He had known failures occur from a
bolt, passing through two timbers, tearing a piece of its own width
out of the end of the wood, and from other causes, while the
middle part of the timber was generally secure. Some details as
to these points would therefore be valuable to those who had to
use framings of timber, or of iron and timber in combination, and
he was rather disappointed at not finding them fully given in the
Paper. The whole of the structures which had been described,
appeared to have been designed upon the principle of diminishing
the strain upon the top and bottom, by using framings of very
great depth ; and this principle seemed to be carried to such an
extent as to make them top heavy, and he thought it v;a.s alto-

Y
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gether a form of construction which Engineers in this country
would scarcely venture upon. The only other point was as to the
cost. The first cost per lineal foot appeared to be from one-half
to two-thirds of the cost of wrought-iron bridges in this country :
and there was no doubt, looking at it in a commercial point of
view, and even irrespective of the danger from fire and other such
circumstances, that the balance of economy would be much in
favour of iron structures, owing to the want of durability in the
timber bridges, and the heavy outlay required for their main-
tenance.

Mr. A. GILES said, there was one point which had not been
touched upon, viz., the difficulty of repairing wooden bridges of
large span, on single lines, without stoPme the traffic. In case of
fire the stoppage of the traffic was inevitable. This was one of the
principal og ections to wooden bridges : another was the expense of
watching. He had examined and reported on a line in Canada
which had nearly 4 miles of wooden bridges, and which cost-for
watching above £2,000 a-year; yet even that was not always
effectual. He had recommended the large spans to be reduced,
wherever it was practicable, so that in case of accident or decay,
the renewal of the bridge could be more easily executed.

Captain MoorsoM said, that after what had fallen from the

revious speakers relative to wooden bridges in America, the
Journey to Plymouth ought to be regarded as wilful seeking of
danger, on account of the numerous timber structures on the line;
yet he had to go very frequently over it, and he had done so in
safety for many years past: and going further on into Cornwall,
such structures were even mct)‘fe numerous than in Devonshire,
over which many thousands of passengers had passed in safety.
He therefore thm%ht the experience ot"lgt:ese structures in Englazl
was not so generally adverse to them as appeared to be the case in
America.

He exhibited a sketch, by one of his assistants, of a lattice
bridge of 90 feet, or 100 feet span, which had been built under
his direction between 1837 and 1840. On the Birmingham and
Gloucester Railway he had erected at least a dozen of those
bridges. Having left that line, and not being interested in the
maintenance of 1t, he took no trouble to inquire about these
bridges till the year 1854, when they had been at least fourteen,
or fifteen years in use. He then wrote to the Resident Engineer
to know what had been the cost of repairs, and the answer was
that the Company had been at no expense, except that of repaint-
ing them from time to time. The timber in all those bridges
had however been subjected to some preservative process.
far, therefore, as he might quote that experience, these bri
might be used with advantage in certain cases. This description
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of bridge had been erected by him usually on common roads,
where economy was necessary, as the traffic was but small, and
also in localities where they might be dispensed with hereafter
at the fancy of the landowner. He thought in such cases the
timber lattice bridge might be adopted with advantage. Mr.
Mallet had erected for him a large lattice bridge in 1847 at
Thomastown, over the River Nore,' and he believed it was still
standing, without objection havinf been made against it. He
would therefore express his decided conviction, contrary to the
opinion of those who bad spoken of the destructibilili{ of the
American bridges, that if timber bridges, and especially lattice
bridges, were properly constructed, as they had been in this
country, they might be adopted in many cases with perfect safety,
and with great advanmge in point of economy. Captain Moorsom
added that he had found one great advantage of the lattice bridge
to consist in the facility for repairs, and that he should have no
difficulty in repairing a lattice bridge with a single track, while
the trains were passing, provided it was of the ordinm;y character.
Mr. MALLET said the Paper did not give any information, as
to the particular sort and quality of timber used in these structures
in America. Practical men knew that there were three important
elements which chiefly determined the durability of any timber
bridge ;—the quality of the timber, the waz in which it was put
together, ially the extent to which the joints were water
tight, and the climate to which it was exposed. He was rather
rised at the very short life assigned to American timber
bridges by Mr. Colburn, whose facts were nevertheless, he did
not doubt, worthy of full acceptance in point of accuracy. It
must, however, be borne in mind, that the chimate of North America
tried timber very severely ; in addition to which he suspected, that
the timber used was probably unseasoned, and not in all cases
of the best quality. Bpon these points, and whether due regard
had been paid to the exclusion of moisture lodging between the
opposing surfaces, he should deem it very desirable to have further
information. The large annual expense for repairs and the short
durability mentioned, did not quite coincide with European expe-
rience ofy wooden bridges. In the east of Germany, for example,
it was well known that there were many wooden bri whose
durability had been so great, that they were now actually objects
of antiquity. The original bridge of Schaffhausen had stood, he
believeg, for more than forty years, before it was burnt by the
‘rench. The Germans and the Swiss, however, employed excel-
lent timber, and they well understood how to put it together. In
the case of the River Nore Viaduct, on the Waterford and Kil-

! Vide Minutes of Proceedings Inst. C.E., vol. xi., pp. 426-434,
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kenny Railway, alluded to by Captain Moorsom, Mr. Mallet’s
firm had been the contractors for the erection of that structure ;
the timber used was of admirable quality, the wales being pitch
pine and the lattice bars choice crown memel. That viaduct was
still standing, and was, he believed, sound, after being in use for
fifteen years. He had passed over it last year, and it appeared
to st,andy well. He had heard, however, that since Captain Moor-
som had ceased to have charge of the line, piles and struts had
been put in, forming a centre pier, and dividing the original long
span of 200 feet into two spans of 100 feet each nearly. This
appeared to him to be perfectly unnecessary—though it was onl
another example of a case that too.frequently occurred, in whi
advice given by a second Engineer muent to the completion
of a work by his predecessor, was upon an assertion of
original insufficiency.




DINTING AND MOTTRAM VIADUCTS. 327

February 24, 1863.

JOHN HAWKSHAW, President,
in the Chair.

No. 1,088.—“ On the Reconstruction of the Dinting and the
Mottram Viaducts.” By WiLLiAM FairBaIrN, F.R.S., M. Inst.
C.E.

Ix the early period of railways, the passage of rivers and deep
ravines was frequently effected, to save expense, by timber viaducts
and bridges, instead of by more substantial structures of stone,
brick, or iron. 'This has been demonstrated, by experience, to be
a mistaken economy; and although, with a limited capital, the
Engineer has to adopt measures in accordance with his means, yet
atnﬁxe present time, considering the facilities afforded by wrought
iron, there does not appear to exist any inducement for the intro-
duction of a perishable material into structures intended to be of a

rmanent character. Previous to the application of wrought iron,
in the tubular girder and other forms in which it is now employed,
there might have been some reason for the use of timber, in order
to reduce the first cost. But it is now generally acknowledged,
that it is safer and more satisfactory to increase the estimates, than
to incur the necessity of frequent repairs and renewals, the risk of
accident, and the danfer arising from the use of a material subject,
like timber, to rapid decay. In the construction of works in
which strength and durability are required, the Engineer is justi-
fied in availing himself of the material best adapted for ensur-
ing permanency. For bridges and viaducts of great width and
span, wrought iron is, probably, the most suitable. A wrought-
iron girder, when properly proportioned, contains within itself the
elements of lightness, with great powers of resistance to strain;
and although, like all other materials, it is liable to oxidation and
decay when exposed to the action of the atmosphere, it may
nevertheless, with a little trouble and attention, be preserved for
many years, in a state of perfect security. These considerations
have more or less guided Engineers for the last fifteen years;
and hence the immense increase in the use of iron for road and
railway constructions.

The experiments for determining the strength and form of the
Britannia and Conway tubular bridges led to a new era in bridge
building. They developed an enﬁrelRovel principle of construc-
tion, which has been most successful. The many advantages result-
ing from the application of a tenacious, but flexible, material like
wrought iron, both in plates and bars, may be estimated by the
numerous structures of this class in almost all parts of the world.
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From what has been already accomplished, it is probable, that, in
bridge building alone, the use of this materiag will confer on
Engineers the power of crossing rivers and deep ravines with
spans up to 1,000 feet; and the time is, apparently, not far
distant, when even greater spans may be possible, by the employ-
ment of a quality of steel possessing a much higher degree of
strength and uniformity in its tensile character than iron, so as
to enable nearly one-half the weight of the present constructions
to be dispensed with. It may, therefore, be reasonably anticipated,
that the improvements in progress in the manufacture of steel and
iron will still farther extend the solidity of works, in every depart-
ment of the useful and the industrial arts. ’

The Dinting! and the Mottram viaducts, on the Sheffield and
Manchester Railway, were erected in the year 1843-44, under the
direction of the late Mr. Joseph Locke, (M.P., Past-President
Inst. CE.) In the former there were five arches of 125 feet span,
and in the latter, one of 150 feet and two of 125 feet span, all con-
structed of timber ribs on the laminated principle. At the spring-
ing of the arch, the ribs were fitted into cast-iron shoes, let into the
masonry of the piers and the abutments. There were .four main
ribs in each arch of the Dinting viaduct (Fig. 1), and three
in each arch of the Mottram viaduct ; and these ribs were stayed
by diagonal and cross braces. The uprights and diagonals in
the spandrils were also stayed, and were morticed into longitu-
dinal beams supporting cross joists, on which the permanent way
was laid, at a height of 100 feet to 120 feet above the level of the
river.

As is generally the case with similar structures, after a few years
the ribs became twisted, and the entire structure of the Dintin,
viaduct was so insecure, that it had to be trussed diagonally wi
iron rods to retain it in line, and to prevent it from bulging over
in a lateral direction. Within ten or twelve years after erection,
the timber in both the viaducts was so much decayed as to endanger
their security, and the Author was consulted as to the best means
of reconstructing them in iron. The late Mr. Jee, then the Resi-
dent Engineer, undertook however, to render them secure, and
after much trouble and expense this was considered to have been

- accomplished. But this did not last long, as, in 1858, they were
again 1n such a state as to alarm the passengers and the people in
the neighbourhood, who drove and travelled several miles to avoid
crossing either bridge. Under these circumstances it was finally
determined to renew them with iron, and the Author being again

1 Vide Minutes of Proceedings Inst. C.E., vol. v., p. 216, for “A Description of
the Dinting Vale Viaduct,” by the late Mr. A. 8. Jee. Also, Ibid. p. 219, for 8
Paper, « On the Arched Timber Viaducts on the Newcastle and North Shield
Railway,” by Mr. B. Green.
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Fig. 1. ﬁ

Fig. 1 shows the Dinting Viaduct as originally constructed ; Fig. 2, as restored.
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referred to, the designs, now submitted for the consideration of the
Institution, were subsequently executed.

There is nothing novel either in design or construction, the
chief Peculiarity being in the mode of erection, and the manner
in which the substitution of iron for wood was effected. The re-
stored portions consist of two longitudinal tubular girders (Fig. 2)
extending from the abutments on each side, and resting upon the

iers, which were cut down to the prol;a: depth to receive them.
xi’he girders are uniform in depth, in both the Dinting and the
Mottram viaducts, being one-thirteenth of the span ; and the areas
of the top and the bottom flanges are in the proportion of 7 to 6,
the breaking weight, equally distributed, amounting to 12:58 tons
per lineal foot. The girders are riveted and united by covering
plates over the piers, and are thus rendered continuous from one
extremity to the other. They are fized to the two middle piers
in the case of the Dinting viaduct, and on one pier of the
Mottram viaduct, and are free to expand and contract in the
direction of the abutments. On the top of the girders iron cross-
beams are riveted to the flanges, at intervals of 4 feet, and to
these are attached the longitudinal sleepers for supporting the
rails. The cross-beams project 3 feet 7 inches beyond the %ongi—
tudinal girders, and upon their extremities the hand-rails are raised.
The spaces between the longitudinal sleepers and the railing on
each side are covered with planking 3} inches thick, and upon this
is spread a depth of from 3 inches to 4 inches of macadamized
ballast, constituting the roadway of the bridgle.

The principal condition insisted upon by the Directors was, that
the traffic should not be interrupted during the progress of the works.
This was agreed to, and it is satisfactory to state that, although there
were from sixty-eight to seventy trains per day, no stoppage,
even of a single minute, occurred, and that the whole opuﬁle
work was accomplished without accident. In the prosecution of
this undertaking, the Author incurred heavy responsibilities, and
he was not free from anxious thought as to the results, and as to
the best means to be employed. In this duty he was ably and
cheerfully assisted by the Company’s Engineer, Mr. Charles Sacré,
and to that gentleman he is indebted for many useful suggestions.

As already stated, there were four ribs in the width of the Dint-
ing viaduct §Fi . 1), but only three in the Mottram viaduct, the
centre one of which was proportionally stronger. It was at first
determined, in the case of the former, to construct one line of
girders between the two ribs on one side at A, leaving the other
side, B, untouched for the passage of the trains. But this could
not be accomplished, as it was found that the s was too con-
fined to permit the men to work; and the rickety state of the
structure was such as to render the removal of any part dangerous,
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Fig. 8.

Apparatus for Ralsing and Lowering the Tubes.
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and there was considerable risk of the whole falling into the river
below. It was then proposed to remove two side ribs, a and 5,
but that idea had to be abandoned, on account of their being
the only support, as lateral stays, to the others, which were dis-
torted and out of the perpendicular, as well as out of line.
Finally, it was resolved to construct the girders on the top of the
old existing platforms, to cut down the piers and the abutments,
and, by a simple mechanical apparatus, to suspend the girders at
each end, and }l’ower them into their places. This arrangement was
successfully carried out, and answered every purpose, as it not only
allowed the old structure to be retained intact, but it enabled the
contractors to finish their work on every girder, without obstruction
to the riveters and their assistants,

The apparatus for raising and lowering the girders was exceed-
ingly simple. A strong wooden frame, A A (Fig. 3), about 16 feet
high, was erected on the pier at each end of the girder. On the
top of this frame there was a cast-iron plate @, with a hole in the
centre, through which a square-threadeg screw, 4} inches in dia-
meter, was passed. On this screw there was a bevil wheel b,
having a brass bush, and resting on the plate @, which was increased
in thickness to 4 inches round the hole ; the meeting surfaces being
covered with plates of steel and brass, carefully turned, so as to
diminish the friction, when the girder, which weighed 80 tons, had
to be lifted. Into the wheel a the pinion ¢ worked, and received
motion from the spur wheels d a.ndp ¢, the shaft f, and‘the crank
handles on each side. On the lower end of the large screw was
forged an eye, to receive the cross bar g, and at the extremities of
this bar there were two links A, A, which hooked under the angle
irons at the sides of the girders, at each end. From this descrip-
tion it will be seen that the operation was exceedingly simple, and
with six men at the handles, the girders were raised, and lowered
into their places, in the course of one bour from the commence-
ment to their final settlement on the piers. When one line of
girders was completed, and connected together over the piers,
temporary wooden cross-beams were laid on the girders, in such a
position as to allow of the permanent iron cross-beams being after-
wards inserted between them ; the temporary beams being partially
supported on one side by the old centre arches, which %:ad to be
firmly stayed to the new girders. On these temporary cross-beams
longitudinal bearers for supporting the rails were placed, and the
permanent way having been fixed, the traffic was transferred to
this side, during the operation of constructing and erecting the
second line of girders. As soon as these were finished, and
lowered into their places on the piers, the iron cross-beams were
introduced between the temporary wooden beams, and when
in place they were riveted to the main girders on the open side.
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The longitudinal timbers were then bolted to the flanges of these
cross-beams, the rails were permanently laid on that side, and the
whole of the traffic was again transferred to it, until the other side
was completed in the same manner. It will thus be seen, that
there was no interruption of the traffic during the whole time of
the reconstruction; and the last process was the riveting of the
cross-beams to the line of girders first finished. The work of re-
construction of both viaducts was accomplished without accident, -
to the entire satisfaction of the Directors and of the public.

The communication is illustrated by three diagrams, from which
Figs. 1 to 3 have been compiled.

[Mr. BATEMAN
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Mr. BATEMAN said, it appeared to him that the most remarkable
part of this work, was the manner in which the traffic of the line
was maintained during the time the iron girders were being con-
structed and substituted for the wooden arches. He did not think
the Paper described with sufficient clearness how that was accom-
plished ; how in fact two iron girders could be made to take the
place of four wooden arches, whilst the trains were running.

Mr. FAIRBAIRN said, his object in bringing forward the Paper
was to show the way in which iron girders had been substituted
for wooden arches, without obstruction to the traffic, or danger to

the public, during this difficult and critical operation. The Dint-

ing and the Mottram viaducts had been erected about twenty
years, and had undergone repeated repairs. When he examined
the Mottram viaduct, one of the arches was so much decayed, as
to cause the timbers to rise and fall from 3 inches to 4 inches
during the passage of the trains; and in his opinion it was in so
precarious a state, that it would have tumbled down within eighteen
. months, or two years. In fact, the passengers became so alarmed,
that it was seriously proposed to run an omnibus fo a distant
station, in order to avold crossing over the viaducts. It was neces-
sary that the main girders should be constructed, be fixed in their
places, and be made continuous, before the removal of any por-
tion of the old wooden arches; and as it was found that there was
not sufficient room to effect the reconstruction between the arches
without danger, it was decided to build the girders on the top, at
the same level as the rails. During the progress of the works the
old timber arches were strengthened by the introduction of tie-rods
and bolts. The traffic both ways was conducted first on one line
of rails, while the girders were being erected for the other, and
on their completion, it was transfe entirely to the second line
of rails. This was effected without the slightest stoppage or in-
terruption of any kind, during the whole process of reconstruction.
The girders were originally constructed completely at the works,
and were then taken to pieces in sections, reconstructed as separate
girders, and when in place, were riveted together, so as to make
them continuous from abutment to abutment. They were fixed on
the central piers, and there were rollers on the abutments at each
end to allow for expansion and contraction. The extent of expan-
sion from the freezing point to summer heat, was about § of an
inch ; and as the movement was in both directions, from the centre
to the extremities, it was not considerable. In the Britannia bridge
the possible movement would be about 23 inches. Cutting out
some of the cross braces to get the girders down was a delicate
operation, owing to the want of lateral braces, the old ones being
totally inoperative. It wasfeared that the new bridge might be ugly ;
but on the contrary, it had a very light and symmetrical appearance,
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even more so than ordinary arches, and was not without harmony in
its general outline. The apparatus employed for raising and lowering
the tubes was simple and effective in every respect. The diameter
of the screws was 4'1}, inches, and the weight of the girder was
40 tons ateach end. The pitch of the screw was about § of an inch.
In his opinion there was no economy in the erection of timber
bridges 1n this country, when iron bridges could be built at so
moderate a cost. The expense of the iron work in these viaducts
did not exceed £20 or £22 per ton, including erection, and the
cost was not increased by the peculiarities of the situation, or the
circumstances under which the girders were erected. It was true
that a certain deterioration was constantly going on in iron struc-
tures, particularly wrought iron, which oxidised more rapidly than
cast iron; but with care and attention, a riveted plate, or lattice
bridge of wrought iron, if occasionally painted and looked after to
grevent oxidation, should last not only a hundred years, but for
ve hundred years.

Mr. HawksHAWw, President, said the personal explanations
which Mr. Fairbairn had given, in reply to questions from the
Members, would he was convinced render this interesting work
more fully appreciated. Every one must have been struck with
the ingenuity which had been displayed, and the care which had
been evinced, throughout the successful operation.
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March 3, 1863.

CHARLES HUTTON GREGORY, Vice-President,
in the Chair.

The following Candidates were balloted for and duly elected :—
ALEXANDER BRrYCE, JoHN Fraser, EDwARD HaRrIs, FRANCIS
CHARLES MIERS, GEORGE PADDISON, and GEORGE KENT RADFORD,
as Members; GEORGE OsBaLpEsTON BupD, Colonel GEORGE
CHANCELLOR COLLYER (Royal Madras Engineers), Josg MANUEL
FARFAN, JoEN BARrACLOUGH FELL, WiLLIAM PArsgy, HENRY
Prince, StuarRT RENDEL, M.A., DoUGLAS SUTHERLAND, and
WiLLiaMm MARSTON WARDEN, as Associates.

No. 1,074.—¢ The Perennial and Flood Waters of the Igiper
Thames.” By the Rev. JAMES CHARLES CLUTTERBUCK, M.A.

TrE water-shed of the Thames comprises, and may be divided into,
three geological districts,—the tertiary, the chalk, and the oolitic
strata. A great portion of the first of these was subjected to a
close investigation in 1851, when it was proposed to supply London
with water from “the soft springs of the Surrey sands.” The
second was the subject of communications to the Institution in
1842 and 1843. 1t is the third, though not strictly confined to its
limits, that is the subject of this Paper. Geographically it is that

ortion of the water-shed, north of the range of chalk hi{ls, bound-
mg the vales of Aylesbury and of White Horse, and it extends to
the Cotswold Hills, bounding the vale of Evesham and the valley
of the Severn; and it has a computed area of 1,500 square miles.
The._ river is spoken of as the Thames, the name it bears from its
very source in Saxon records, and by which it is known to the
inhabitants of the district through which it flows.

The subject is a complicated one, but it will be simplified
by describing the tributaries in the order in which they join the
main stream, which rises from the great oolite at Thames Head,
about 4 miles west of Cirencester, near the Tetbu?‘ road station,
on the Gloucester and Cheltenham Branch of the Great Western
Railway. The Thames within 3 miles of its source passes from the
oolite to the Oxford clay, over which it flows till it cuts through a

! The discussion upon this Paper occupied portions of two evenings, but an ab-
stract of the whole is given consccutively.

* Vide Minutes of Proceedings Inst. C.E., vol. ii. (1842), p. 155, and (1848),
p. 156.
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gap in the coralline oolite at Sandford, below Oxford. It
then passes to the Kimmeridge clay, turns the escarpment of the
lower greensand at Culbham, touches the gault clay at Long Wit-
tenham, whence it passes over a shelf of the lower green-sand, and
returns to the gault above its junction with the Thame stream, the
limit of the district now under consideration.

Thus the Thames runs over a clay bed, and is the mere carrier
of waters derived from its tributaries. Those which run from north
to south and from north-west to south-east—as the Churn, the Coln,
the Leach, the Windrush, the Evenlode, and the Cherwell,—
their perennial waters from oolitic sources. Those flowing from sou
to north have their sources in the chalk hills, from the escarpment
of which they receive the back drainage, slightly augmented by
that of the upper greensand, and then pass over the gault and
the Kimmeridge clays, either to the main stream, as the Ray and the
Cole,—or as affluents of the Ock and the Thame, which are the main
sources of the waters carried by these tributaries into the Thames.
The Swill Brook is a sluggish stream, little more than the carrier
of the flood water from the surface of the Oxford clay, on each side
of the Cheltenbam Railway, between Purton and the Cirencester
branch. With this may be classed several brooks of the same cha-
racter, which receive an insignificant quantity of perennial water
from the oolite, though, from the extended surface of clay they
drain, they carry 1 quantities of flood waters into the Thames
above Cricklade. Thus, the river is a carrier of flood water
immediately below its source.

The Churn rises just within the escarpment of the oolitic hills
near Cheltenham ; the geological condition of its sources is a type
of most of the streams which derive their head waters from these
strata. The inferior oolite, capped to the west of the Evenlode
by the great oolite, and the great oolite to the east of that river,
rest on the upper or lower lias clay and intervening marlstone.
The water falling on the surface sinks into these strata, till it meets
with the lias clays forming the bottom of the numerous valleys b
which the district is furrowed. The springs often issue at so higz
a level above the foot of these valleys, iﬁat the villages are supplied
with water led by pipes into tanks and troughs. It is from the
ag, tion of such streamlets, augmenbed“gequently by springs
from the marlstone, where its surface is exposed, or where it is
thinly covered by the upper lias clay, that the Churn, the Coln, the
Windrush, the EvenloJ)e‘: and the Cherwell derive their head-
waters; which may be termed perennial when sufficient in volume
to drive a mill. As they approach the river, they intersect the
upper strata of the great oolite, of which the‘y receive the drain?fe,
o&en thrown out at various levels by the frequent bands of clay
found in these strata,—such as the full};rs’ earth and the clays of the

[1862-63. N.s.] z
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forest marble; which prevent an accumulation of subterranean
water sufficient to produce copious springs. The Churn with its
affluents comes within this general description. It has one of its
chief perennial sources in the well-known Seven Springs or Wells,
about 4 miles south of Cheltenham. It drives the first of several
mills about 2 miles from this source; thence passes Cirencester,
and carries a considerable body of perennial water into the river
near Cricklade ; though in dry seasons its volume is reduced, in a
remarkable manner, as it passes from the lias clay to the oolitic
strata. This phenomenon, which occurs in other tributaries flowing
from and over the same strata, requires further investigation.

The Ray receives its water from a different source, and is a type
of the streams flowing from south to north. It rises in the escarp-
ment of the chalk range, whence it flows over a band of the upper

n-sand, the ga.ult, and the lower green-sand, then runs over a
arge surface of Kimmeridge clay, cuts through the coralline
oolite, (from whence, by its branches, it receives a small addition
of perennial water,) then passes to the Oxford clay, and reaches
the river near Water Katon, between Cricklade and Lech-
lade. The volume of perennial water it receives from the chalk is
shown by several mills near its source. It is the carrier of a con-
siderable amount of flood water, from the surface of the Oxford
clay in the neighbourhood of Swindon.

e head-waters of the Coln rise in a valley of which the geological
condition is much the same as the Churn. From the ridge which
separates Charlton Abbots from Brockhampton, the water flows into
the Severn to the north, and into the Thames to the south. The first
mill is at Syreford, which receives its chief power from a spring at
its head. It brings down but little flood water to its junction with
the river, immediately below the first lock of the Thames and Severn
Canal. The Cole is of the same character as the Ray, rising under
the escarpment of the chalk, driving several mills near its source,
and carrying a considerable amount of flood water to the river.
The Leach and several small streams spring from the oolite.

The two principal remote sources of :ﬂe indrush are in a valley
at Cutsdean, and near the old jockey stables at Spring Hill. The
several branches form one stream above Burford, and supply water-
power to important manufacturing mills at Witney. ﬁ‘hough
rapidly augmented by heavy rains, this river does not bring down
much flood water.

The Evenlode differsin some important res from the
streams before described. The head-waters of its morth-west
branch are found to the west of Moreton-in-the-Marsh, situated
in a flat, the lower lias clay forming the surface. The perennial
waters are mere threads, issuing from the oolitic hills above;
their chief drainage falls into the Windrush. It is not until the
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waters of this branch of the Evenlode are augmented from the
oolitic strata flanking the valley, through which it descends, that
they are sufficient to drive a mill. The extended surface of
lias clay throws off much flood water, which is carried down by
this branch of the Evenlode. The branch from Chipping Norton,
though it brings down much land drainage, is of a more perennial
character. e Glyme, which it receives as a tributary below
Blenheim Park, derives its water chiefly from the oolitic strata,
and for this reason brings down little flood.

The Cherwell drains the most northern portion of the water-
shed of the Thames. Its perennial waters are derived from the
oolitic rocks, augmented by the drainage of the marlstone, a large
surface of which is exposed in the district. The Oxford canal runs
through the valley of the Cherwell, and is supplied, atits summit and
at various points, by its waters. The gaugings of the Boddington
reservoir, from which the summit level of the canal is sustained,
afford a good indication of the character of the supply to the river.
This reservoir receives a certain quantity of perennial water from
the strata above the lower lias clay, and its area, of 65 acres, is
sometimes raised, by heavy rain, more than a foot in twenty-four
hours. It has never failed to supply sufficient water for the summit
level of the canal. Soon after passing the outcrop of the Oxford
clay the Cherwell receives the waters of the Ray, the northern
branch of which drains the country round Bicester. The eastern
branch serves as the carrier of the flood water of a large and very
flat district of the Oxford clay, known as Ot Moor. The bed of
this branch has frequently been dry, though it drains a water-shed
of about 30 square miles. There are not any mills on either branch.
The Cherwell is one of the chief sources of flood water to the
neighbourhood of Oxford. A small stream, issuing from the coralline
oolite near Headington, drives an overshot mill, and may be
reckoned among the sources of perennial water. Those received
'll)y the river between Oxford and Abingdon are inconsiderable.

he next tributary is the Ock, running from west to east on the
Kimmeridge clay, near the margin of ngxe outcrop of the coralline
oolite, from which it reteives a portion of its perennial water on
the north. Its chief sources are from the foot of the escarpment
of the chalk hills flanking the vale of White Horse to the south.
The stream which flows from two heads at Letcombe to the south-
east of Wantage is the largest of these; it drives several mills
scarcely a mile from its sources. One streamlet from the north,
rising in the oolite, drives a small mill at Sandford. Several smaller
brooks running from this source in the same direction sink, by swallow
boles, .into the rock ; the water rises again to the surface, when
the overlying Kimmeriqz.hge clay is pierced, by artesian borings,
as at Abingdon. As the gault and Kimmeridge clays2are not

z
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separated in the vale by the usually interveninéolower green-sand,
a considerable body of flood water is thrown from their surfaces.
From the flatness of the strata, and consequently little fall in the
river, there are but three mills above Abingdon, just below which
town the Ock falls into the Thames, close to the termination of the
Berks and Wilts canal, to which it runs parallel through the vale.
A small stream rises at Betterton, to the east of Wantage, also from
the chalk. It drives a mill at Ardington within a mile of its
source, and its waters are slightly augmented by the drainage of
the upper green-sand ; through tﬁ’e undulations of which it flows
diagonally 1n its passage to the river at Sutton Courtney ; between
which place and Ardington it drives several mills. These streams
are rapidly replenished by heavy rain, much of which is readily
absorbed and re-delivered by the upper green-sand, but they c
little flood water. A few brooks and streamlets bring down sma
quantities of perennial water from the upper green-sand to the
south, and the lower green-sand here found to the morth. The
flood water from the surface of the gault, which is exposed to a
larger extent than elsewhere near the Didcot Station, is consider-
able, and drains away slowly from the little fall from this spot to
the river.

The last of the tributaries is the Thame. The geological
condition of its water-shed is, with some exceptions, the same as
the Ock, though its course is in the opposite direction, flowing
from east to west. Its bed is principally on the Kimmeridge clay,
but it passes to the gault, at the point where these two clays run
together, before it reaches the Thames near Dorchester. It
receives the drainage of detached patches of the lower green-sand
and Portland oolite, strata which are absent in the vale, but are
found in situ above and below the Kimmeridge cla ectively.
None of these streams are sufficient to drive a mill. The chief
source of its perennial water is, as in the case of the Ock, the
escarpment of the chalk hills, and the upper greensand. There
is much flood water from the extensive cﬁa.y surface of the water-
shed, and the river bed is choked and grown up at many points,
thus seriously obstructing the passage of the waters. The mills on
the main stream are few.

Such are the tributaries of the Upper Thames. The geological
condition of the source of the main stream is worthy of especial
notice. The oolitic strata at the Thames Head crop out from
beneath the Oxford clay: as the juuction of these strata is
covered with oolitic gravel and debris, it is difficult to determine
its exact point. The water falling on the oolitic rock sinks into,
and accumulates in these strata, and is restrained from escaping
below a certain level by the overlying clay. As the water rises in
the oolite it shows itself above ground, where the surface is de-
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ressed ; and it is in such a depression, which appears to have
geen further artificially excavated into a shallow weYﬁanow nearly
filled up, and overgrown with the ash and bawthorn, indigenous to
the valley, that the Thames is reputed to rise in wsbury
meadow, about 10 feet below the summit level of the Thames and
Severn Canal. In its normal condition it was probably a perennial
source, whose volume was reiulated by the elevation and de-
pression of the water level in the surrounding oolitic rock, which
rises to a considerable elevation on the opposite side of the canal.
Augmented in its course b{l kindred springs, it carried a river of
considerable volume over the outcrop of the Oxford clay, from
whence it could receive no increase of perennial water, except
a small quantity of soakage from the bed of gravel by which the
clay is covered, at and below the outcrop of the oolitic rock.
Thus, it is not without reason that there is, in a Charter of Caed-
wealha, 19th August, o.p. 688, this description of a boundary at
Kemble, of lands given to St. Aldhelm, *usque famosum amnem
qui dicitur Temis.”” Besides, it lies further to the west than any
other considerable source; and it may be, that its naturally in-
termittent character caused it to be honoured by a superstitious
people. In 1852, and again in the spring of 1862, the water
flowed in a large volume from this source, and even higher up the
valley it showed itself above ground. The Thames and Severn
Canal was formed in 1789. hen the natural sources fail, a
large quantity of water is lifted into the summit level of the canal
from a well on its brink about half a mile below Thames Head.
The well is 14 feet in diameter, and is sunk 63 feet below the
surface of the canal, or about 50 feet below Thames Head. At
the bottom two adits, said to be about a quarter of a mile in
length, are driven east and west, that to the west in the direction of
the head, that to the east to a spot whence another source usually
springs. The engine works a pump with a length of stroke of 9
feet, and has a cylinder 33 inches in diameter. In September 1862,
it was making an average of eight strokes per minute, with a de-
creasing depth of 14 feet of water in the well ; then no flowing
water was to be seen in the bed of the stream above Ewen, a mile
and a half below the engine, or 2 miles from the head. The mills
below were deprived of nearly all their water, and though the
Thames receives the contributions of the Swill and other brooks
before spoken of, it carries very little perennial water to its junc- .
tion with the Churn at Cricklade.

As the bed of the river is on the Oxford clay from Somerford
Keynes till it passes the coralline oolite at Sandford, below Oxford,
am{n as there is little difference in its physical, or geological condition
between these places, it may be described in general terms. The
whole natural bed of the river is an excavation in the Oxford clay,
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flanked to the south by the escarpment of the coralline oolite,
which rests on a ridge of the clay. As a rule, the lower levels of
the valley, including also in many places the oolitic rock, out-
cropping to the north at a very shght angle beneath the Oxford
clay, are covered with drift gravel. Wherever the floods have
extended, sand, silt, or argillaceous loam, has been deposited on
this gravel; and this action is still going on, governed by the
number and character of the floods. Thus, the bed of the river is
as a rule gravel, and the banks a warp, the accumulation of

As the set of the current wears away the face of the bank at one
point, a deposit is made elsewhere ; the silt and warp settle in the
eddies, and flags and rushes grow upon it, and a (so-called) flam is
formed. If this should cause an obstruction to the ground-ice in
its down the stream, the stones and other substances raised
by 1t from the bottom add to the accumulation; which gradually
rises as a bank to the river, and then receives the heavier portions
of the sand and silt in floods, the lighter or argillaceous particles
of the warp being carried inland. At length the whole assumes a
level surface, with a slight inclination from the river to a point,
usually on, or under, the level of the navigation high-water mark.
There are instances of the change of bed to the extent of several
chains in width; and indeed there appears to be mno limit to
these deviations, but the physical features of the valley. These
facts have an important bearing on any improvement, so much
needed, in the drainage, or condition of the Thames Valley.

The perennial waters are either used for mills or for navigation.
The mills on the tributaries are numerous. Between Thames
Head and Cricklade they are, as already shown, virtually deprived
of water. That on the parent stream near Cricklade is said to be
short of water; another close at hand on the Churn is assisted
by steam power. It may be, that the Churn is affected by the
pumping-engine near Thames Head. Therefore no gaugings of
these streams would be a guide to the natural yield of water from
the district which they drain. Between Cricklade and Lechlade
the water is not applied to any economical use ; and again from
Lechlade to Wolvercot, three miles above Oxford, there are no mills.
Above Wolvercot a 1Lortion of the water is diverted to Wytham,
and this, together with the main river, is broken into a perfect net-
work of mill and other streams in and about Oxford, which unite
at Kennington above Sandford, where there is a large paper-mill.
There is a corn-mill at Abingdon, and another paper-mill at
Sutton Courtney, the last within the district ending with the con-
fluence of the Thames and the Thame stream.

It has been shown that the Thames is merely the carrier of
water, whether perennial or flood, brought into it by its tributaries;
therefore the gaugings of these tributaries, where they join the main
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stream, would give the aggregate of water that it carries. As,
however, such observations have been neglected, there are
no available existing data on this point. The tributaries are so
numerous, and their water-shed so varied, that any estimate of their
volume at different seasons would be difficult. '} he effect of rain-
fall on streams issuing from the chalk stratum, for instance, is made
a matter for calculation. Not so the waters of any one of the
tributaries of the Upper Thames, most of which are immediately
affected by heavy rains and subject to flood ; but for this reason, as
conuected with land drainage, supposed to tell upon the flooding of
rivers. Onthe accompanying map (Plate 7), those streams only are
marked which have sufficient volume to drive a mill. Those nsing
in the chalk stratum have this power from their source. This is
some guide to their volume, which might be easily gauged peri-
odically ; but as, in their passage to the main stream, they receive
water from other sources, often suddenly augmented by summer
rain and winter flood, the gauging of these streams would require
incessant observations. This remark applies even in a greater de-
gree to streams from the oolitic rocks, where the interlacing of clay
with pervious beds is so marked a feature, and makes the discharge of
water very complicated. The iauging of the main stream is beset
with other difficulties, as the height and passage of the water is
divided between the mills and the navigation, controlled indeed
by stringent legal enactments, but too often disregarded.

Though the object of this communication is rather to draw
attention to the nature of the water-shed, than to deal with abso-
lute quantities derived from the various sources; the following
gaugings are given, taken at a point on the river well fitted for
observation, and will yield, if carried on in other places, valuable
results. There are no mills for thirty miles above Wolvercot, and
the navigation, though ¢flashes’ are still sent down, has virtually
ceased. The manager of the mills at Wolvercot, has found, as
the result of several years’ observation:—That in the summer
months, the branch of the river supplying Wolvercot mill has a
mean velocity of 58 feet per minute, and a yield of 8,120 cubic feet
}:er minute ; at the same time, there is a further quantity of 3,500

eet passing in the Wytham stream, giving a volume of 11,620
cubic feet %r the main river.! This is exclusive of the additional
quantity brought down twice a week by ‘flashes,’” which last two or
three hours, and are difficult to estimate. During the winter
months, in fine weather without frost or rain, the river has a mean
velocity of 94'9 feet per minute, and taking the sectional area as
181-5 square feet, this gives a volume of 17,224 cubic feet per
minute ; to this must be added, on account of the Wytham branch,

1 This quantity was reduced to 6,849 cubic feet in the summer of 186¢.—J. C. C.
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5,400 cubic feet, making the volume of the main stream 22,624
cubic feet per minute. 1n moderate rainy weather, without floods,
the total quantity of water passing through the mill, lashers, and
weirs in connection with it, is 28,189 cubic feet per minute. With
this quantity, the level of the river reaches the high-water navigation
mark, but it does not at any part overflow. In floods, the river rises
from 6 inches to 18 inches over the banks, and extends over a
large area of flat meadows, so that the yield cannot then be ascer-
tained at this part of its course. At the end of December,
1862, :ﬁ-i.ugs were taken of the whole streamat a period coin-
ciding with the last example, namely, moderate rainy weather
without flood. The total yield was then 85,498 cubic feet
minute, of which 27,986 cubic feet may be taken as representing
the quantity passing through the mill, &c., at Wolvercot, given in
the previous example as 28,189 cubic feet, and the remaining
7,738 cubic feet, as the water passing from the main stream to
Wytham. These data suggest the necessity of adopting a stan-
dard at various stations, so that the results may be com with
the rainfall when the gaugings are taken, and also of fixing on
localities where the flood waters of the tributaries and of the main
stream may be gauged. This obviously must be a work of time,
and requires patient and repeated observations. When these
latter gaugings were taken, observations of a similar character
were made on the river below the influx of the Cherwell and the
Ock, which gave 50,995 cubic feet per minute, a difference of
15,497 cubic feet per minute as compared with Wolvercot. Of
this quantity, it was estimated that 7,689 cubic feet per minute were
brought into the main stream by the Cherwell, and the remainder
by the Ock and smaller perenmal streams. The verification of the
quantity in the Ock was prevented by a fall of rain of 0°48 of an
inch, or nearly half an inch in a few hours. At the expiration of
thirty-six hours, the volume of the Thame stream was doubled, and
about 30 per cent. was added to the volume of the main river. At
Wolvercot, on the 5th January, 1863, after about 1 inch of rain,
the increase was from 27,986 to 48,418 cubic feet per minute.
The rainfall from the 1st to the 7th January, 1863 inclusive,
roduced a flood in the Thames under circumstances peculiarly
avourable for observation.  The rainfall ‘recorded during that
period was at—

Inches.
Osxford (Central) . . . 174
Banbury (North) . . . 130
Cirencester (West) . . . 150
Hartwell (East) . . . . 128
Wittenham (South). . . 227

This gives an average of 1'61 inch over the whole water-shed.
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Dalton’s gauge at Hemel Hempstead, for the same period, showed
a total fall of 1:52 inch, the percolation being 1-10 inch. The
gaugings of the main river at Wolvercot then amounted to 82,500
cubic feet per minute, and at Clifton Hampden, below Abingdon, to
181,832 cubic feet per minute. Of this latter quantity, 44,755 cubic
" feet, or an increase of 37,066 cubic feet as due to the flood, were
delivered by the Cherwell, 24,864 cubic feet by the Ock, and 29,713
cubic feet by the many smaller streams, water-courses, and land-
drainage outfalls, issuing into the river between Wolvercot and
Clifton Hampden, from a computed water-shed of 80 square miles.
The latter quantity was on this occasion much increased, by the rain-
fall on the southern part of the district being in excess half an inch ;
the brooks and water-courses bringing down the drainage from the
ult clay were consequentlg much swollen. These gaugings show
Ele quantity of flood-water from some of the tributaries, which issue
into the river between Wolvercot and Clifton Hampden, a distance
of about 20 miles by the river, with an average fall of 2 feet per
mile. The gaugings of former floods cannot be given, but the
following comparison of floods is not without interest : —

Ralnfall % Rise

Date. Delton's Gauge. | o Flood
v

Duration. | Quantity, | Rainfall. | Percolation. H.V’V.M:rk.

Days, Inches. Inches. Inches. Inches.
1852, Nov. 16. 27 5-25 .o .. 81
1862, March 29 27 309 3:90 2:70 62
1863, Jan. 10 . 7 1-62 152 1'10 42

‘When gauging stations have been fixed on, the quantity of flood or
nnial water flowing down the river may at thime be ascer-
tained ; but up to the nt time there is no available information

on this interesting subject.

The navigation of the Thames is of very ancient date. A toll
of salt fish (herrings?) was levied by the Abbey of Abingdon
before the Conquest, on boats passing from Oxford through a new
cut made for their accommodation. From that time it has been
the subject of frequeut legislation. It is now under the control of
.Commissioners, and is divided into six districts, of which that
between Lechlade and Oxford is the sixth. It was a remark of
the late Dr. Buckland, that no lines of inland communication could
flourish, except they ran tranversely to the lines of strata, as their
variation ruled the products, and the internal commerce of the
country. This is fully exemplified in the sixth district of the Thames
navigation, which runs on one stratum, the Oxford clay. From this
and other causes it has virtually ceased to exist. The physical



316 THE UPPER THAMES,

condition of its bed, and its easy gradients, offer facilities for navi-
gation. The whole fall from Lechlade to Oxford, 31 miles, is
only 51 feet 3 inches, or about 1 foot 7} inches on an average
per mile. Some of the pound locks belonging to the Com-
missioners are in a hopeless state of dilafpidation. The weirs,
chiefly the property of individuals, and of a construction little
improved since the days of the Saxons, are almost exclusively used
for fishing purposes ; often to the injurg of lands near or adjoining
the river, and of little profit to those who own or rent them. The
shutting tackle, as it is called, consists of a cill fixed at the bottom of
the river, upright posts, called rimers, fitting at given distances to
the cill, and removeable ; there are also two sets of moveable flood
gates, called ground gates, and overfalls, the one fitting above the
other in the spaces between the rimers; also two cross-beams
parallel with the cill, against which the rimers, and the handles of
the flood gates rest, and are kept in place by the force of the
stream. One of these beams swings like a lock gate on a pivot, to
allow the boats to pass, when the weir is drawn, and the rimers on
one side are removed. On the passage of every boat or barge, the
water on either side of the weir 18 drawn nearly to a level. There
are eleven such weirs still in existence between Lechlade and
Oxford, two having lately been removed. There are but three
pound locks. It would now be very difficult for a boat to pass the
whole distance at the time of low water. Flushes, or flashes, are
still paid for, by a sort of tariff, levied by the owners of the weirs
as far as Langley weir, above Eynsham, to enable boats to travel
below. From Oxford, the flashes are arranged, during seasons of low
water, for two days in the week, beginning at Oxford on Monday
and Thursday, and reaching the district below on the following days.
Under these regulations the interests and convenience of the navi-
gation and of the mills are necessarily at variance. The economical
use of the water, when most needed by the mills, issadly interfered
with, by suddenly sending down an excess on ‘flash’ days, and by
penning it back, to replenish the vacuum above, when the flash has
. The rising and falling of the water, with an alternating

wet and dry surface, tends to the disintegration of the banks, and in
various ways inflicts injury on the mills and on the landed property.
The present depressed state of the navigation forbids the hope of
any improvements by the Commissioners. The first step towards
any general change for the better must be, the abdication of their
wer, or the refusal to interfere in any case between Lechlade
and Oxford. From Oxford, the perennial waters are not only
used for navigation, which has been greatly improved of late years,
but these waters drive many important corn and paper mills.
Notwithstanding the extended and varied water-shed of the Upper
Thames, its waters have often fallen very short, as in 1858. ﬁzt
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for the heavy rainfall in the spring of 1862, a similar defalcation
would have occurred in the summer of that year.

It has been shown, that the Thames is a river of floods almost
from its source, increased by flood and land drainage brought
down by the Ray and the Cole, and other smaller water-courses
above the navigation. The lower oolitic rock cropping out from
beneath the Oxford clay in the Thames valley to the north and
the coralline oolite from beneath the Kimmeridge clay in the
valley of the Ock, rise at so slight an angle from beneath those
clays, that in wet seasons, these strata become so gorged with
water as to throw it from their surface, either as flood, or by land
drainage. Thus these pervious beds assume the drainage charac-
ter of retentive strata, added to which, in the higher levels, the
frequent bands of clay in certain localities, produce the same
effect, and augment the flood water from the exposed surface of
the lias clays in the valleys of the Windrush, the Evenlode, and
the Cherwell, from the large tract of Oxford clay in the water-
shed of the Ray, a tributary of the Cherwell, and from the Kim-
meridge and %ault clays in the valleys of the Ock and Thame.
This geological condition at once accounts for the large body of
flood water thrown into the Thames. It must be noticed, that
in many localities these clays are covered with drift gravel, of
which tie depth is often so considerable, that the water sinking
into it issues in springs, and so becomes perennial. These com-
glications make it impossible to identify the respective sources of

ood and perennial water, or to limit them to certain strata.

As the volume of flood water depends not only on the amount
of rain, or snow, but on the circumstances under which it falls,
it requires close and counstant attention to determine the ;;:;bable
flood from a known quantity of rainfall. It has been observed,
that it requires from 2-50 to 300 inches of consecutive autumnal
rainfall to replace the summer evaporation. The highest recorded
floods on the Thames since January 8, 1734, are January 17,
1764 ; March 10, 1774 ; and January 27, 1809, the highest on
record, caused by the sudden melting of snow, by which bridges
were swept away, and much damage sustained at Maidenhead,
and other places; December 21, 1821, nearly as high as that of
1809; January 1842, owing to a sudden thaw; and November
16, 1852, caused by long-continued rainfall, amounting to 5-50
inches on twenty-six previous days, after an unusually wet
autumn. There was also a very considerable flood March 29—31,
1862, to which the following observations apply. As the
relative quantity of rainfall varies on so large an area as the
water-shed of the Upper Thames, with tributaries flowing in oppo-
site directions from 1ts extreme limits, the records of rain-gauies
at three stations, Hartwell, near Aylesbury (east), Banbury (north),
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and Cirencester (west)—are given for the months of March and
April, and part of May, in Table I. The records of Dalton’s
gauge, communicated by Mr. John Evans (Assoc. Inst. C.E.), are
added, because it may be presumed, that the water of super-
saturation, which in permeable soils sinks to the subterranean
water-level, in impermeable soils flows from the surface, or is
discharged by land drainage.

TPasLe 1. -

Dalton’s Gauge.

-— Hartwell. | Banbury. | Ci

\ Rainfall. | Percolation.

Inches, Inches. Inches, Inches, Inches.

March . . . . .| 419 4-21 470 4:04 2-87

April . . . . . 2°95 1-88 2-22 2-52 1-52

May 1stto19th . . | 2-32 2-51 2-30 2:73 0-87
Totals . .| 9°46 | 860 9 929 | 5-26
Average . 9-09

Level above the sea, V
oot Ml 20 | 850 448

The whole period has been divided into four portions, marking
the alternations of the flood, Table IIL., and as it is known, that
the direction of the prevailing wind affects the volume of the flood-

water, this is stated.
TasLE IL

Date, Hartwell. | Banbury. | Cirencester. Wind. Euﬂ::f Rain

Inches. Inches. Inches.
March §to11. | 1-24 0-98 1-40 Var. 8. and S.W. | Oirencester.
12 to 28 1-69 2-85 2'55 Var. N.E. to S.E. | Banbury.

”
s | 20 [ 175 | 18 NE. Hartwell.
May5t016 .| 192 | 247 | 230 |VarBE toSSW. {{gmouyend

The first period brouﬁht down little flood water, as the rainfall
scarcely sufficed to replace the evaporation of an unusually dr
February, in which only 0-49 of an inch of rain was regisbereti
against an average of 1'53 inch.

In the second period, the river had sunk to high-water naviga-
tion mark on the 16th of March, and the flood attained its greatest
height at Long Wittenham, between Abingdon and the junction
of the Thames and Thame stream, on the 29th of March, at 4 p.M.
It there occupied a sectional area of 2,546 square feet, of which
1,796 square feet may be accounted flowing water, with a central
surface velocity of 240 feet per minute, and a mean depth of 11
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feet. The periods at which the flood attained its greatest height
at other points were as follow .—

Ox THE TRIBUTARIES.

Witney (Windrush) . . . March 29th, NOON.
Somerton (Cherwell) . . . ,,  28th, M.

Heyford . .o 5 28th, 3 to 5 p.m.

Islip ” .. »  28th, 4:30 p.M.
Ox THE MAIN STREAM,

St. John’s Lock, Lechlade . March 29th, 6 a.x.

Newbridge . . . . . . »  380th, 12 NoON.

Eynsham . . . . . . sy  Olst.

Wolvercot . . . . . . 5  28th and 30th.
Port Meadow, above Oxford ,, 30th, 12 p.m.

The variation at Eynsham is due to the influx of the water of
‘the Evenlode, which, as has been shown, brings down a large
body of flood-water from its source, due to the geological con-
dition of its watershed. The water at Eynsham was thus penned
back.

The record below Abingdon is as follows :—

Abingdon,—the mouth of the Ock March 29th, NooN.

Abingdon, main stream . . . . » 29th, 2 p.M.
Long Wittenbam . . . . , . » 29th, 4 p.m.
Crowmark Mill . . . . . . s 29th, 6 p.M.
Wallingford . . . . . . . »  29th.

Streatley . . . . . . . . » 30th, 3 A.M,
Caversham, Reading. . . . . » S0th, 8 A.M.
Henley . .. ,» 30th, 3 Am,

Marlow . . .. S » 80th, P.M.
Windsor. . . . . . . . . » 380th, p.m.

It will be seen, that the rise of the flood maintained a regular
progression in its passage from Abingdon downwards. The
excess of rain with a north-east and a south-east wind was from
Banbury and Cirencester. Thus the flood encountered no obstruction
from the waters of the Thame stream. The influx of the waters
of the Loddon above Henley accelerated the rising of the flood
at that point, five hours in advance of the increase at Caversham.

In the third period, from the 29th and 30th of March to the
11th of April, the flood fell, with slight pulsations of rise. The
total rainfall on the 9th, 10th, and 11th was 1-40 inch. The
wind during this period was from the north-east, and the fall of
rain with the wind in this quarter was unusually t, the excess
of rain being registered at Hartwell. The flood in the Thame
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stream attained a greater height than during the-previous period,
and in the main stream it was about 7 inches lower where
measured.

During the fourth period, from May 5th to 10th, the wind was
variable from south-east to south-south-west, with heavy and
partial storms. The excess of rainfall was at Banbury and Ciren-
cester. The flood in the Cherwell, and in the extreme west, rose
higher than in the former periods. There are no generally avail-
able data, as to the volume of flood-water as compared with the
rainfall. Any steps towards the improvement of the Thames valley
should be accompanied by a well and regularly conducted series
of observations on the volume of the perennial as well as of the
flood waters. The latter can only be relied upon, when the
volume of the flood requires the removal of all the shutting tackle
at the various weirs and locks, so that free passage be given to the
water throughout its course.

The action of land drainage on flood water is an important
question. Land drai yearly increases in area and in effi-
ciency. Much information on this point might be obtained from
large landed proprietors, who in some localities have drained
thousands of acres; but the mere knowledge of the area drained
would be no sure guide, without the quality of the work was also
ascertained. Another question arises, are the perennial waters
augmented, or diminished, by land drainage? It is universally
admitted, that the floods in the main river and in its tributaries
rise more rapidly than heretofore. In some localities there has
been an advance of twenty-four hours in seventy-two hours within
the last twenty years. There is a difference of opinion as to the
;ubsidence of the water, and as to the total relative amount of

ood.

As to the perennial water : On the ments and undulations
of the lias and oolitic strata, where the sand or rock outcrops above
the clays, the water often exudes go slowly, that it evaporates from
the surface of the soil over which it is diffused. This 1s frequently
the case, where these springy places are covered with a peat
deposit, the accumulation of a long period. When deep drains
are cut into such spots, the water is gathered into a small stream,
and sometimes becomes perennial. This more than counter-
balances the loss, where too free an outlet is given to sources
already perennial, and by which their periodical exhaustion is
accelerated. This remark applies to the drainage of the upper
and the lower green-sand, ans in some cases, m:ﬁ: water issuing
from the ment of the chalk, and the drift gravel, resting on
the various ciays: the last are frequently laid quite dry by
artificial drainage; at other times, when the water in them is
tapped, they become perennial. As yet, land drainage has pro-
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duced little apparent practical effect on the volume of the flood,
or perennial waters of the Upper Thames ; though it is probable
that floods will be diminished, inasmuch as land drainage promotes
:ﬁinw:l evaporation, and increases the absorption of rain water by

e soil.

There is great scope for improvement in the valleys of the
Thames and its tributaries, especially the Thame, the Ock, the
Cherwell, and the Evenlode. The antagonism in the interests of the
mills and the navigation is an acknowledged difficulty. These are
E:ln.rded, or restrained, by very definite laws, which also protect the

downers, though their provisions are seldom enforced, and are
too often disregarded. Much might be done by the landowners, with-
out affecting the rights or privileges of the mills or of the navifgation,
by a united and well-matured determination of purpose. After the

t flood of 1852, a committee was formed, of which the late

Ir. Pusey was the Chairman. A report was published, stating the

amount of injury inflicted by the floods, but no action was taken
upon it. During the year 1862, an application was made to the
Home Office, by an inﬂ};lential Committee, headed by the Duke of
Marlborough, to issue a Commission to inquire into the whole
question ; but as yet nothing has resulted from the interview with
Sir George Grey. Under the powers of an Enclosure Bill, with
the concurrence and assistance of several landowners, Mr. Bryan
Wood has carried out some important works, by which the injury
inflicted by the floods has been restrained. These works are based
on a different system from that previously suggested. Mr. Wood
separates the local drainage entirely from the flood. In describing
the physical condition of the river, it has been shown, that in the
gradual deposition of the warp covering the natural bed of the
valley or vale, by the continued action of the floods, the surface has
assumed an inclination from the river to a point at or under the
navigation high-water mark. First, all communication with the
river is cut off by embankments on both sides, a sufficient area
being left within the river bed to carry off the ordinary flood
water. Inside these embankments, channels are cut parallel with
the course of the river, and of sufficient size to take the adjacent
land drainage, as well as the surface drainage of the meadows.
The water collected in these channels is then led down, and de-
livered into the river at a lower level. In the spring of 1862,
the crops of bay on the unprotected land were spoiled in growth,
or were carried away when cut, by the flood. At the same
time, and close at hand, the bay crop on the protected meadows
was cut and safely secured, whilst the flood water passed between
the embankments, which were 2 feet or 3 feet above the surface of
the land. As the winter floods are known to benefit the meadows,
if the water does not rest too long upon them, the embankments
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are fitted with hatches, by which the flood can be admitted at will.
In proof of the injury inflicted on the meadows by a protracted
ﬂoog, it may be mentioned that, in the spring of 1840, the surface
of a large tract of meadow (at the very spot where these improve-
ments have been made) was covered by a substance of macerated
vegetable matter resembling a felt of cotton wool. It was in many
casés made into garments, and was worn by the farmers, to show
the toughness of the material, and as tokens of the effect of a

rotracted flood. If, by some such system as that adopted by Mr.
%ryan Wood, the floods were brought under countrol, and water
prevented from remaining stagnant on the land, two great objects
would be accomplished ; the improvement of landed property, and
of the sanitary condition of the Valley of the Upper E‘h&mes.‘

The communication is accompanied by a series of diagrams, from
which Plate 7 has been oompile}:l.a d

1 Works are now in pro , executed at the expense of the Rev. R. Greswell,
calculated to free part of Port Meadow, belonging to the freemen of Oxford, from
stagnant water, by leading it to a large outfall.—J. C. C., Nov. 1864.

[The Rev. J. C. CLUTTERBUCK
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The Rev. J. C. CLUTTERBUCK said, there were many points
to which he wished to direct special attention, both as regarded the
nature and varied character of the water-shed, as well as to the
question of the navigation and the mills. Some persons went so far
as to say, that the navigation of the Thames must be discontinued,
and the mills be removed, before any real improvement could be
effected in the valley of the Thames. It was true that, as at present
regulated, there was an antagonism in the interests of the mills
and the navigation, and that by this rivalry damage was sometimes
inflicted on the owners and occupiers of land, whilst the sanitary
condition of the valley was affected. Now, he believed that, under
proper regulation, both the navigation and the mills might be
retained, not only without mutual injury, but also with benefit to the
Eublic. With respect to the sanitary condition of the valley,

e begged: to refer to the elaborate and valuable Memoir of Dr.
Acland, on the Cholera at Oxford! and to the Report of Mr. T.
Macdougall Smith, addressed to Mr. (afterwards Sir) W. Cubitt.?
Referring to the geological rather than the engineering character
of the Paper, he remarked that numerous failures in schemes for
obtaining supplies of water had arisen from a want of suffi-
cient knowledge of the geological condition of the strata whence
water could be procu It was now more than twenty years
since he stated, that the aggregation of causes would produce some
great effect upon the pumping under London. The bearing of
agricultural drainage on water supply was a subject of growing
importance, from the increase in the population of towns, and the
large quantities of water now required by the inhabitants. The
water-shed of the Upper Thames presented a t extent and
every variety of agricultural land drainage. ough at first
sight it might seem a contradiction in terms, yet be believed that
winter evaporation was g‘romoted by agricultural drainage. Eva-
poration depended on the condition of the atmosphere, and on
that of the surface of the soil. There was little evaporation from
the surface of water, but very much from a rough surface exposed
to the air. This might be shown by a simple experiment. If
two shallow vessels were filled with water, and into one a piece
of brick, or some such substance, was introduced, then from this
latter four or five times the amount of water would be evapo-
rated in a given time, than from a surface of water alone; of
course by the addition of the brick the surface would be increased,
but not sufficiently so as of itself to account for the augmented

' «Memoir on the Cholera at Oxford in the Year 1854, By Henry Wentworth
Acland, M.D,, F.R8,” &o. J. H. Parker, Oxford. London: J. Churchill,
Baurlington Street.

2 “University and City of Oxford. Report of 8ir William Cubitt upon the
Sewerage and Water Supply.” Amersham : W. Broadwater,

[1862-63. N.s.] 2 A
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evaporation. Thus, on the falling of winter rain, there would be
a greater absorption of water on the drained surface ; consequently,
winter floods would be diminished by ngicultural drainage. He
bad applied the recorded readings of Dalton’s rain-gauge in a
novel manner, by presuming that the quantity of water which flowed
from the surface, or was discharged as flood by land drainage, was
represented by the water of super-saturation percolating the gauge.

e interest felt in this subject, especially at Oxford, was very
great. Heretofore it had only attracted attention after unusual
and disastrous floods ; but he trusted that this spasmodic action
would give place to some well-devised and determined action,
and it was with this view that he desired the subject to be
thoroughly - sifted, by those who were best able to cope with the
various difficulties that it presented.

Mr. ALDERMAN TOWLE concurred in the opinion, that this sub-
ject was of immense importance to the inhabitants of the valley
of the Thames. Having formed one of Mr. Pusey’s Committee,
coneisting of six members, to which reference had been made
in the Paper, baving resided for many years at the lowest part of
the Upper Thames, and having had the advantage of attending
the practical discourses, delivered on the spot, by the late Dr.
Buckland, he could claim to possess some acquaintance with the
questions at issue. At Sandford, where all the streams met, there
was a gorge, in form like the letter V, the rising ground on the
east, which was in Sandford churchyard, aiproachmg very close
to that on the west at Bagley Wood. At this point an embank-
ment had been thrown up, which was the only cause of the
continuous floods round Oxford ; for he contended, that no mill
could cause a flood; it would simply divert the water from its
course, throw it upon the neighbours, and soon after i
out of the river, it would flow in again. But in this case the
mill produced a flood, because the valley, and not the river only,
was dammed up. The highest fall in the Thames was upon
the flat country, which here inclined towards Oxford. He looEoed
upon this point as the grand mistake of the Thames Valley,
and without it was altered, the drainage could not act, as all the
disputes originated with the flood at this spot. This great evil
arose from the lock at the entrance of the Sandford mill pond
having been placed too high, in order, as it was supposed, to raise
the high-water level. Before this alteration was made, barges of
160 tons could navigate this portion of the river, whereas now it
was impossible for craft exceeding 30 tons to pass the same point.
This was the gist of the whole question. It had been lost sight of
by Engineers, in the general treatment of the Thames Valley, and
had been got rid of in some way by the Thames Navigation Com-
mittee and other intcrested parties.
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Mr. ALDERMAN RANDALL said, though he had no pretensions to
scientific knowledge on this subject, he could bring the observation
of many years to upon it. He was well acquainted with the
peculiar features of the whole district of the Thames above Oxford,
and could speak particularly as to the water being now brought
down more quickly than formerly. Agricultural drainage had ma-
terially aided this, but he thought that larger operations had
caused those sudden floods, with which the neighbourhood of
Oxford had specially to contend. Above Oxford, there were some
thousands of acres of meadow land, which formerly used to act
as natural reservoirs, holding the water in suspension, as it
were, and supplying the river by percolation through the sumn-
mer. Across these meadow districts wide and deep channels
had been cut, so that the water was no longer retained on the
land, but was at once passed from the marshy grounds into the
river; and any heavy rain-fall was, in like manner, conveyed .
more suddenly to the narrow part of the valley at Oxford, some-
times thus producing summer floods. At the large brewery of
Messrs. Hall & Co., close to the old Castle Tower, at the back of
which there were several low lying meadows, once belongin
to the White Friars, there was formerly, as he was informef,
considerable notice of a coming flood by the gradual rise of the
river ; whereas now the whole of the meadows were sometimes
under water within a few hours. There could not be a more

ractical proof of the suddenness of the flow of water from the

pper Thames on to this district than was furnished by these
facts, confirming as they did the opinion that the recently-made
large cuttings, as at Aston Mead and at Standlake Common,
across marshy districts, were instrumental in producing the evils
described by Mr. Alderman Towle, as arising to the locality abut-
ting on the narrow gorge of the river near Sandford. Besides
this, however, it should be noticed, that it was at Oxford that the
Cherwell flowed into the Thames, aud the waters of that tributary
were similarly. swollen from the drainage of Otmoor Common.
Prior to the systematic drainage of this extensive flat, it ‘generally
f)resented, through the winter months, the apEea.rance of a large
ake, from the hills, near Bicester, to the Beckley Hills, near Ox-
ford ; while now it was rare to witness such a flood after a heavy
rain-fall. Even assuming that the natural autumnal fall had been
to some extent taken up, by the lands being more thirsty than
prior to the adoption of systematic drainage, the Cherwell, from
the free influx of the surplus water through the deep channels inter-
secting the Otmoor district, would become more suddenly charged,
and the mischief around Oxford would thus be aggravated, and the
probability of flood be increased.

The Author had described the many sources of zhe gerennial
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waters of the Thames, as well sa the causps specially producing
flood water. These sources and causes appearcd as existing
largely above the gorge at Sandford, which -beld back the water
upon Oxford in flood time, owing, as he belicved, to the natural
formation of the Valley of the Thames at that point, and not to any
other cause, Much weight was to be attached to the remarks in
the Paper, as to the changing deposit of gravel and soil in the bed
of the river. He had himself witnessed a special illustration of the
bad consequences of this below Sandford Mill. In 1862 he in-
spected, in company with one of the University Profcssors, the
state of the river, then swollen by flood water, from Oxford to
Abingdon. At the lower pound gate at Sapdford, the water was
nearly 3 feet above high-water mark,. On the same reach, with no
works of any sort to intercept the flow, and nothing but the old
island at Nunebam legitimately tﬁ brpa;.‘k the course of the st:;eau:i
on proceeding to Abingdon, just abgve the pound gates, it was foun

to be only 5 inchesl:gove t{:{: high—wa,t;grp:xark.g On an after-in-
spection of the course of the river on this reach, the cause of this was
soon discovered, as the manager at Mn, Norris’s mill at Sandford
had anticipated. The channel was materially affected in many
places by such deposits as had been alluded to, but especially oppo-
site Nuneham Park, where, at,the.foxk of  the river formed by the
old Island at the cottages, within the Jaat. few years the deposit
had formed in the centre of the gtream g new island, now planted
with trees. Under such a state -of things, it must be evident, that
there would be considerable difficylty in, theescape:of the water from
the upper and narrower part of thiks g;cqch,; and the singular dif-
ference in the respective heightsof-the water at its two extremes was
easily accounted for. Remedies, howeygr, had been suggested for
the relief of the Oxford distfigt, and. rough ‘plans of them had
been placed in influential hands. Thesg were suggested by an
inspection: of the measures adapted ’af Abingdon, for the dis-
charge of the waters there, from the reach {:st spoken of, where,
by means of a paved towing-path at high-water mark, the
swelling waters were passed on as soon as they reached that level.
The late Mr. Treacher, for- many years the surveyor of the
Thames navigation, pointed out, at Sapdford and at Iffley, spots
exactly suited for the application of similar means of relief. It
was right to mention that at Sandford, \l\[xj. Norris, the owner of the
mill and of the land at the required spot, expressed his readiness
to help forward this or any other reasonable plan, if his in-
terests were protected, and means werg, royide(f for keeping in
repair the projected works, Mr. Norris.also added the reasonable
request, that if the water was brought ta.the mill tail, the channel
should be opened to Abingdan tg réligve.it. The drawings for
long lashers, like paved towing-paths, 150 feet each at high-water
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level, both at Sandford and'at Ifley, were placed in the hands of
the Dean of Christchurch, to’ submit to the judgment of an
eminent Enginecr. He trusted'that the efforts now being made
would result in a well-devised measure, which, without prejudicing
the landowners’ interests, or injuriousty affecting the navigation of
the river, might improve the land' throughout the whole of the
valley, and %eneﬁt the sanitaty condition of Oxford and its
vicimty. S

Mr.yJ. H. TauxTox said, with regard to the early sources of
the Thames in Gloucestershire, the springs at Thames Head, which
had been spoken of as the principal feeder of the Thames and
Severn Canal, rose at a level of about 330 feet above the sea (taking
the Ordnance datum) ; and their volume was usually from 350 to
400 cubic feet per minate, *'He had never known them to afford
less than 200 cubic feet per minute. =~ '

He did not understand whether thre Author considered that
.these springs issued from the Oxford clay, or from the lower clays
of the great oolite seriés., =~~~

Mr. CLurrerBuck said, ‘the water at Thames Head issued
from the oolite, which' wax Gverlapped to the south by the Oxford
clay; thus it received po additional water after it passed the
junction of ‘these strata.”, In September 1862 no water flowed
from the head, as he liad Stated in the Paper. ‘

Mr. TaunTox procedded 'to reitark that, in his opinion, the
Oxford clay had nothing to'do with the out-throw of the Thames
Head springs. From' borings made in the loeaﬁ(cly many years
ago, he g:l‘ieved that thesé gprings issned from a bed of blue clay,

obably the fallers-earth, "27 feet in thickncss, at Thames
Eead, and which was' ahder the great oolite. It was in con-
sequence of that alone, that: these hgreat springs were brought to
the ground. Below ‘this"point, ‘therc were the Ewen Sprinﬁs,
the average yield of which' might be taken at 150 cubic
feet per minute ; so ‘that’'the whole of these springs gave, on an
average, fully 500 cubic 'feet per ‘mitiute. “The River Churn, the
next feeder, rose in ‘the’'‘Cotswold' Hills, at Seven Springs, near
Cubberley, about' 6 miley froti ' Gloucester. The stream there
was inconsiderable, but ‘bifore it’ had’ passed the lias bed, the
volume was increased. ‘‘(Raugings which he took, in the autumn
of 1849, just below Colesbourn, showed that the flow there was
420 feet per minute.” -After %?sin ‘Colesbourn, the flow was
diminished, some of the Wwater ing'%ost in passing the inferior
oolite. The principal' gotirée of 'the River Coln was at Syreford,
pear Andoversford, and'%t™ also received a supply from a great
number of springs which’ proseeded from ‘the oolite. Gaugin,
taken at Fairford Br?dﬁe on' 22tid ' March, 1854, showed 1its
volume to be 4,700 ‘citbidtbet pér mimite: He had caleulated the
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drainage areas of these different gathering grounds, and found that
of the Thames Head Springs and of Swill Bruok to be 75 square
miles, that of the Churn Valley was 64 square miles, and of the
Coln 86 square miles, while that of the South Ampney Springs
was 25 square miles, making a total area of 250 square miles.
Now, a rainfall of 12 inches over that area would give a volume of
upwards of 13,000 cubic feet per minute. It was stated, in the
Paper, that at Wolvercot the summer flow was 8,120 cubic feet per
minute, and the winter flow 17,224 cubic feet per minute, with a
velocity in the former case of 58 feet per minute, and in the latter
of 95 feet per minute. The mean of these quantities would be
12,672 cubic feet per minute, and assuming the drainage area at
Wolvercot to be only 600 square miles, that result would be
produced by 5 inches of rain, whereas the rainfall in that locality
averaged about 30 inches a year. He therefore thought that the
average flow of the river at Wolvercot must be much larger than
had been stated, and that the sectional area of the river at that
point must be greater than 140 square feet.
With regard to the navigation of the Thames, he thought
there were other causes, than those generally assigned, for its
Fresent state. In reference to the remark attributed to the
ate Dr. Buckland, “that no lines of inland navigation could
flourish, except they ran transversely to the lines of strata, as their
variation ruled the products, and internal commerce of the
country,” he considered it empirical, and that the London cla;
traversing the greater part of the course had not much to do wit
the question, except so far as that it did not contain minerals. The
interests on the Thames were distinct and separate. The right of
the river belonged, in the first place, to the weir or millowner,
and consequently the weir also. g:[e had the right of pounding,
and no boats could pass without he chose to pound, and he would
not do so unless he was paid for it. At every weir there was a
separate right. In addition there were the Thames Commissioners,
who made the locks to pass the weirs. These different authorities
must be made to accord before any real improvement could
be effected ; but there were so many weir and millowners’ rights,
and so many who took no interest in the navigation, that it was a
difficult matter. With regard to the floods, the right of the weir
or millowner extended to the fishing, and that right was most
valuable in the early period of the flood. The eels iegan to pass
just when the flood commenced to overspread the banks.- It was at
this time important to keep all the sluices down, except the
one through which the eels were to . On some occasions,
as the flood set in, as many as 4 cwt. of eels were caught. That
was just the critical time when the flood should be let off ; but the
millowner had the right of pounding to what was called the old



THE UPPER THAMES, 359

¢ flash’ mark, and that right he strictly preserved. He cared
DOtlll(ilng for the flood, but he sought to catch as many eels as he
could. |
Mr. JoBN TayLor stated, that a survey of the River Churn, one
of the principal tributaries of the Upper Thames, had been made
under the direction of Mr. Simpson (Past President Inst. C.E.), in
the dry period of the autumn of 1859. The gaugings of the volume
of water, and other particulars then obtained, showed some extraor-
dinary circumstances, with reference to the loss of water, by perco-
lation, through the bed of the River and the Fish and Mill Ponds
upon it. The flow from the Seven Wells, (the springs forming the
source of the river in the Cotswold Hills) was ascertained to be
11 cubic feet per minute. At one-eighth of a mile below this
point, the quantity bad increased to 21 cubic feet per minute, and
thence the increase continued, somewhat in proportion to the
drainage area, as would be seen by the following Table :—
At 3 mile below the springs the flow was 36} cubio feet per minute.
1

” ” ”

” ” ”» 78 ”
2 ” » ” 105 ”»
2 ” ” ” 165 ”

” ”» ” 812 ”
54 (estimated as the maximum) 820 "

At this point, however, the volume of the river, instead of in-
creasing, began to diminish, for,
At g} miles from the spring the flow had decreased to % cubio feet per minute.

” » » ”»
7 hd ” ”» 179 o
” ” ” 118 ”»

” ” » 45 ”

” » » ] 83 [l
12} . " " 80 ,

and at 14} miles the quantity had actually become reduced to
10 cubic feet per minute, or less than the original flow of the
Seven Wells. - From thence to the junction of the river with
the Thames at Cricklade, 22 miles from the source, the flow again
%mduall increased up to 110 cubic feet per minute. Thus, in a
ength of less than 8 miles of the course of this river, there was a
measured loss of 300 cubic feet of water per minute, or 3,700,000
gallons per day. But even this was less tgne&n the actual loss, as, of
course tﬁ: stream would continue, under ordinary circumstances,
to increase in proportion to the drainage ground, and allowing
for this, the estimated flow at Cricklade ought to have been 45
cubic feet per minute, instead of being 110 cubic feet as gauged, thus
showing a loss to the mills on the lower parts of the stream of 340
cubic feet per minute, or upwards of 3,000,000 gallons per day.
As to the geological character of the River Churn, the stream
was derived, principally, from the drainage of a considerable area
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of the inferior oolite, and wes thrdwa out by a fault at Seven
Wells; the upheaval of the impervious beds of the upper
lias clay preventing percolation in the direction of the dip of the
strata. stream then took its course through a valley of
denudation, where the upper strata had been swept away in some
convulsion of nature, forming in- a deep narrow ravine, sur-
rounded by the Cotswold Hills, which were coiposed chiefly of the
porous and fractured rocks of the oolite. It thence passed over
the impervious beds of the upper lias clay for nearly 6 miles, from
the source at Severn Wellsto den Farm ; next over the porous
beds and fractured freestone of the inferior_oolite for 31 miles to a
little below North Cerney Mill, by.the-:Rendcoemb fish-pond and
the mill-ponds and courses of Rendoombiand North Cerney Mills;
afterwards flowed over the imperviows..beds of clay known as
fuller’s-earth, continuing past Perrot’s Brook and Trinity Mill to
the mill-pond at Baunton, & distance of about-2} miles ; and then it
traversed the porous rubble fagestone of bise great oolite for 1 mile,
by Stratton mill-pond. At this peint icommenced the tenacious
clays of the forest marble formation, which, partly overlaid with
the gravel and detritus of the oalite, pgesed under Cirencester,
Barton, and New Mill Ponds to‘the head of :Preston Mill ; the
ouly remaining porous strate being a short length at Preston and
Seddington Mills, where the rubbly rock of the cornbrash formation
outcropped in. the beéd of streams /Thence the course of
the river, from Seddington Mill to its cémfluence with the Thames
at Cricklade; a- distance of 7 miles, was entirely over the im-
pervious beds of the Oxford- clay.. Such. being the bed of the
river, there was no doubt, the vast.quantity of water which con-
tinually disa , percolated through:the fissures and fractures
of the rocky bed, and through the porous-strata in the bottom of
the mill and fish-ponds ; ‘and sioking below!the impervious beds of
fuller’s-eaxth, never rose again in’ the valiey :of the Churn, but was
completely lost to that river, andpodsibly- even to the River
Thames. ~ Certain remedial works, chiefly. such as puddling the
bottoms of the ponds, were advised to 'be done, at a cost not
exceeding £3,000, which would - probmbly have prevented the
loss of all this water; and it was estimated that this outlay
would have resulted in a saving of nearly £1,400 a year in
water-power. . SRR

M. S. C. HoMERsHAM said, it was now. generally well under-
stood, that rain falling upon different geological formation produced
different results. Thus, upon:chalk, théirhin.was immediately ab-
sorbed, even to the extent of 2 inches ‘ori 3'inehes in depth 1n an
hqur, as sometimes happened ovep .amjarex; say, of 100 square
miles ; whilst upon the  primitive formations, it at once flowed off
the ground, into.the ncighbouriag. valleys... He believed that
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the effect of draining clay lands directly into rivers, or into ditches
that communicated with: rivers, was, by removing the rain more
rapidly, to increase the severity of the floods of the district. There
were, however, hundreds of square miles of country, which for the
last seventy or eighty years been drained in a different way.
For instance, where there was chalk, or other abeorbent strata
covered by clay 16, 18, or more feet in thickness, the drainage was
effected by sinking in suitable sttuations, what were technically
called dumb wells, from the snrface through the clay for a few
feet into the chalk, then filling the dumb wells with broken flints
or stones, and conveying the water through drain tiles in the usual
manner from the clay land into them. The effect was, that the
rain, instead of flowing through. vavious surface channels into the
rivers and causing floods, -was-absorbed into-the body of the chalk,
and escaped underground ‘into the sea. Floods in disgricts thus
drained were much rarer than they used to be.

Allusion had been madeto the gauge used by Mr. Dickinson,
still incorrectly called -a Dulten Gauge. On a former occasion,
Mr. Homersham had stated' that the two were not alike, and he
bhad shown in what respect they differed. Dr. Dulton's gauge
was made with & view toregister 'beth the proportion of the rain
which penetrated the groiaed, and -also thmt which flowed off the
surface. Aoccordingly, there-was ah overflow pipe, with- a_bottle,
or vessel, to catdxxe' waten. that ed off without entering the
ground, as well as - a.vessel to catch the water sinking through the
earth. The sum of these two.quantities, deducted from the total
rain-fall, would leave ‘as/-a/remaider- the quantity thab was evapo-
rated. Now Mr. Dickisson  avowedly employed only one vessel,
or bottle, and thiscoHeetdd thel'water which percelated through
the soil, but it gave no'reeord of that which: flowed off the surface.
The consequence was: that; for this and -other reasons, the records
of these gauges could ;ndt be:depended upon; and for himself -
be did not hesitate to say, that having had occasion to make himself
fully acquainted with them he placed no relianee upon the records
of these ga It had been said that Mr. Dickinson was in the
habit of reg"\‘ﬁzng his conttacts, as to the amount of paper he oould
manufacture, by the indieations afforded Rthese gauges. Now
Mr. Homersham doubted -that, for at all Mr. Dickinson’s mills in
Hertfordshire, steam power, as well as water power, was applied
for driving the machinery; the former being ter than the
latter. Besides, there was an inexhaustible supply of water, from
small wells, with:bore<holes stink-in the bottom of -each, at all
these mills, from wiaely) inv the driest seasons; more water could be
obtained than was eves requived for the manufacture of paper.
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During the last twelve or fifteen years, numerous wells had been
sunk into the chalk, for the purpose of obtaining water, without a
single failure, so far as he was aware. At the present time the
same thing was being done with the greatest success. Only a few
years ago, the town of Hull was entirely supplied with water from
the river: now it had sufficient for its whole supply from wells
and bore-holes sunk into the chalk. Again, a large district of
London was now supplied by the Kent Waterworks Company with
from 4,000,000 to 5,000,000 gallons of water a day, obtained from
wells sunk in the chalk, while for more than a century before, their
whole supply had been taken from the River Ravensﬂourne. The
wells not only yielded water abundantly, but the level of the water
had not been lowered by the pumping. Therefore, he thought the
Author was not justified in his views, as to the impolicy of sinking
wells to procure large supplies of water from the chalk ; and per-
sonally he had no confidence in any statements, with respect to the
pﬁrtlri‘a.nent lowering of the surface of the water in wells sunk in the
chalk.

Mr. J. F. BATEMAN remarked that the facts and figures given in
the Paper were not sufficiently numerous or minute to enable many
deductions to be drawn from them. The area was not mentioned
from which the water was collected, nor were there any particulars
as to the quantity of water per acre, per minute, or during any
other period of time. His acquaintance with the Thames was
confined to the upper and lower ends ; but of the main valley he had
very little knowledge. He was, however, able to furnish some
measurements of the flow of water in other streams in different
parts of the country, showing the large amount of flood water that
came off the land under certain circumstances in some districts, and
the comparatively small amount which came from other districts
under different circumstances. There was no doubt, that all the
information that could be obtained, as to the amount of floods,
the manner in which they rose, and the causes to which they were
attributable, was valuable in an agricultural and engineerin
point of view. During the years 1833, 1856, and 1857, he hag
the means of ascertaining, with great accuracy, the quantity of
water flowing off the ground, in a given time, by the River Med-
lock at Manchester. That river was a short stream, running
through the city of Manchester, and draining only about 12,000
acres, principally of clay land. The maximum quantity of water
passing off in those years was equal to a depth of ‘i inches, 5 inches, *
and 6 inches respectively every twenty-four hours; that was, the
volume of the floods when at their maximum was such, that those
would have been the depths of water flowing from the ground
had the floods continued at the same height for twenty-four hours
consecutively. At the Manchester Waterworks, during the tlood




THE UPPER THAMES. 363

of February, 1852, which might be remembered as the time when
the Bilberry Reservoir, near Holmfirth, in Yorkshire, was carried
away, the water which came down from a district of 15,400 acres,
was measured either in reservoirs, or through discharge pipes and
gauges. The flow, when at the highest, was from 3,600 to 4,000
cubic feet per second, or 25 feet per second for each 100 acres, or
15 cubic feet per acre per minute, being at the rate of between
6 inches and 7 inches in twenty-four hours; and the mean flow
durini the same period was 1,520 cubic feet, or 24%;ths inches per
second. In 1856, the quantity of flood water &owing into the
Woodhead Reservoir, of the Manchester Waterworks, from an
area of 7,000 acres, was equal to 2,100 cubic feet per second for
seven hours forty minutes, or a depth of 2} inches, being at the
rate of 7 inches in twenty-four hours. This quantity was equal
to 18 cubic feet per acre per minute. In 1849, during the early
progress of the work, a flood occurred at Woodhead which, at its
maximum, amounted to 50 cubic feet per second for every 100
acres, or 30 feet per acre per minute, being at the rate of 12 inches
in twenty-four hours. He had also some er measurements of
the flood of May, 1862, at the Woodhead Reservoir, from the same
district of 7,000 acres. For a period of two hours and a half,
the flow was equal to 22} cubic feet per minute per acre ; for seven
hours it amounted to 14,%ths cubic feet per minute per acre, and
for thirteen hours to 94rd cubic feet per minute.

At the Glasgow Waterworks, in October, 1854, the flood from
Loch Lubnaig, Loch Voil, and Loch Doine, (the water surface of
the lochs being about i;th of the total drainage area of 44,600
acres,) was equal to 328,000 cubic feet per minute, or a depth
of 3 inches flowing off in twenty-four hours, and 7} cubic feet
per acre per minute. On the same day the volume of the flood
flowing out of Loch Venachar, from a drainage area of 45,800
acres, but where the surface of the lochs was frth of the whole,
the flood only amounted to 150,000 cubic feet per minute, not one
half of that which flowed from Loch Lubnaig, from about the
same area and the same rain-fall. This showed the regulating
effect of large lakes, or sheets of water. The quantity stored in
and discharged from Loch Katrine in twenty-four hours was
e?ual to nearly 4 inches, while in two days it was equal to 6 inches
of rain over the whole drainage area. The surface of Loch
Katrine formed }th of the whole drainage ground of 23,300 acres.

In the River Clyde at Carstairs, in the winter of 1856-57,
from a drainage area of 190,000 acres, the flow of water was
equal to 20,000 cubic feet per second, or 6 feet per acre per
minute ; and of that quantity only 9,000 feet passed down the
river channel, the remainder sweeping over the flooded land.

From a Table of the meas maximum quantities of water
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in various parts of the exrtensive vaHey of the: Shammon, he would
instance the measurement at Killaloe: ' Here the drainage was
from a total acreage of 2,560,000, and -the quantity of water
in flood was 1,600,000 cubic feet per minute. The discharge
of various large rivers into the basin of the Shannon, from actual
measurement in flood, varied from 0°76 to 154 cubic foot per
acre per minute, the latter being a maximum. That contrasted
very strikingly with the quantities he bad given from mountain
districts in England and Scotland, where they amounted to
6, 73, 91, 15, 18, and in one case 80 cubic feet per acre per
minute. He gave these measurements for the pu of
drawing attention to the great differences which existed, in order
that one river might not be taken as:a guide for ealculations
upon another, except when the cireumnstances were similar.

Mr. FREDERICK BRATFHWATTE: remarked that, from the state-
ments which had been made, it was evident a large quantity of the
flood water which was supposed to fall’ifto the Thames, did not
reach the tidal part of the river:below Teddington Lock. Of late
years, in dry seasons, there had at times béen so little water flowing
over the lock, that the salt water had nearly reached as far up as
Hammersmith. Moreover it was stated, that from ninety to one
hundred million gallons of water per day were now being
taken from the river above Teddington Lock for the supply of
London ; and as, by the main outfall intercepting sewers, the
whole of that %uanﬁty, together with the rain falling on the area so
drained, would be conveyed beyond the metropolis, to Barking
Creck and to Erith, it was important ;to. -aspertain, what woul
be the probable effect of the abstraction oF so large a body of fresh
water from the tidal part of the river. It was manifest that it
must lead to the intrusion of a still larger quantity of salt water.
Dr. Letheby had recently stated,' that the mixture of a la
proportion of salt water with the fresh water was likely to
attended with unhealthy results, as noxigus exhalations would
arise from the mud on the banks, in dry weather.

The Author had referved to the subjeet: of evaporation, both from
the earth and from a surface of-water, stating ‘that in the latter
case the amount was very emall; "and ‘citing in proof of this
opinion, the case of two vessels bothi filled with water, but in one of
which a brick was placed, and.that the: ovaporation was much

in the vessel containing the brick than in the other. Now,
all evidence went to show, that the amoumt -of evaporation from
water was 30 inches per- emnum. He oowld readily understand,
that if a porous substance was put into-w-vessel of water, the sur-

A L AR

! Vide a letter in *The 'Hites,” Maroh 15, 18¢5!'p. 19} headed “Tho Water of
theirhm» Y T ,‘1‘ =T,
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face of evaporation was increased, and also the amount of capillary
attraction which assisted the evaporation.

Some observations had been made, in which he did not concur,
with regard to Mr. Dickinson’s rain;g&uge. He thought that the
overflow pipe of the rain-gauge had nothing to do with evapo-
ration; and that the absorption was dependent upon the nature of
the soil. There were some descriptions of soil which would
variously absorb from 20 per cent. up even to 60 per cent. ; there-
fore it was unphilosophical to generalise, nor could it be done
with any approach to accuracy.

Mr. [vl . GRANTHAM w(l the map which had been prepared
for the Salmon Fisheries Committee, by Colonel Sir Henry ‘E’t’nes
R.E. (Assoc. Inst., C.E.), a copy. of which he then presented to the
Institution, gave some intaresting details of the water-shed of most
of the principal rivegs in Kngland, amongst the rest, of the Thames,
and was a most important doeument for all who were interested in
the drainage of the country.” The areas of the catchment drainage
of two hundred and four rivers aud their length were enumerated,
from which he had extracted the following particulars relating to a
few of the principal rivers :—

. Area in Length
Square Miles. in Miles,

Thames . .' . . 5,162 201}
Ouse (Yorkshire) .. . . . 4207 591
Trent . . . . . . 353 1671
Severn. . .t o... .. 4,437 178
Nem . . ‘.. . '« . 1055 99
Great Ouse (Cambiidgeshire). . 2,894 156}
Mersey . . . 1,706 63

e . . . . . . 105 35
Witham . . ¢ . . . 1,052 89
Medway .- . . v . 997 69
Humber . %0 0 . . 1,229 37
Wye (Herefordshire) .' . . 1,655 148

It would be extremely. useful if this inquiry could be extended,
80 as to include the catckment basin of the minor rivers.

The Valley of the Upper Thames did not appear, from the
description, to differ materially from the formation of the valleys of
other rivers, except from ‘its magnitude. It consisted of a series
of large and flat areas, at places throttled by the hills, and by the
undulations of the coumtry closing and narrowing the valleys.
It was at those places; he believed, where the gorges occurred,
that the greatest improvements miﬁlht be made, and to which the
attention of Engineers should be directed, to draw off the floods.
But the Paper, though interesting in a geological point of view,
as showing Enginéers’ the sources whence water was derived,
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ave no suggestions as to the mode of treating the Valley of the
ﬁ‘hames, 80 as to improve its drainage.

Mr. GRAVATT said, he should not have been induced to make
any remark, had it not been stated, that the present condition of
the Thames Navigation and Drainage rather implied a low state
of Engineering skill in such matters. He had had to do with
Navigations, Mills and Drainage for many years; amongst others
with the Calder and Hébble navigation, and he was old enough to
have actually constructed a Canal, called the Longport navigation.
The Calder and Hebble works were orig’maﬁ’y laid out by
Smeaton for a 3-feet navigation ; and, as an instance of Smea-
ton’s foresight, when the depth had to be increased to 5 feet,
there was only one lock-cill that had to be altered, and that lock,
Mr. Gravatt found, had been built by another Engineer, to avoid
a local opposition. The real difficulties were not at all of an
engineering character, but they arose from the supposed differ-
ence of interests, between Navigation Proprietors, Drainage Com-
missioners, and Millowners. here these parties agreed, the
Engineering difficulties almost vanished. As one instance out of
many, already known to several Engineers, he mentioned that
when the proprietors of the Calder and Hebble Navigation
bought the gilﬁs, there was no further difficulty. The Navigation
proprietors, who had been before subject to continual lawsuits,
comlpleted their works, at a moderate expense, and the rents of the
Mills actually increased. The power of half ruining a navigation,
or of flooding large tracts of land, for the sake of a few hundred-
weights of eels, was a legal power possessed by many persons;
but the difficulties that arose from such a source could not seriously
be called engineering difficulties. He thought sufficient had been
said to show, that the present state of the Upper Thames was not
to be attributed to any fault of Engineers, or their works.

Mr. FrepERICK KING said, as a resident, for upwards of forty
years, upon the banks of the Upper Thames, he had witnessed the
most prosperous trade in the navigation, the many abuses practised
upon the stream for the monopoly and misuse of the waters, and
subsequently its decline aud falr.o For more than twenty-five years
he had endeavoured to suggest remedies for the evils existing in this,
the most fertile valley, and perhaps the most abused in England. He
had been engaged as the valuer under several enclosures of meadow
districts, between Oxford and Lechlade, subsequently followed in
the same district by the late Mr. Woolley, one of the Enclosure
Commissioners, and since by Mr. Bryan Wood. All had en-
countered the same difficulties, that whilst cuttings and drains could
be made, no proper outfall could be obtained, for the system of
economising the water in former days was such, that the whole
valley was submerged, and the land a perfect swamp,—the habi-
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tation of wild-fowls. This was considered, though erroneously,
to be necessary by many, when the only means for the transport of
coal, corn, timber, slate, stone and heavy goods was by navigable
streams, and more recently by canals, and when water was almost
the only motive power for grinding corn, and working the rude
machinery of bygone days. He feared that the.way in which
Dr. Acland had taken up this subject was calculated still further
to complicate it, by not keeping it separate from that of the
disposition of the Sewage of Towns, a question which must have
its issue first in London, when the main drainage works were
completed.

The Paper was interesting, as it professed to show the source
whence the water was derived which had to be dealt with. He
believed that both in an agricultural and in a sanitary point of
view, nothing more was required than the perfect drainage of the
now water-logged valleys, so as to convert the swamps which now
disgraced them into fertile vales, by which the health of the in-
habitants of the numerous towns and villages situated on the
course of all navigable rivers would also be improved. The plan
formerly adopted, for securing the largest supply of water for
navigation purposes, was to place a lock, or weir, immediately
below a great outlet of land drai or of tributary streams
running into the main river, by which, when the locks, or weirs were
closed, mstead of filling the river, (itself sufficient for all the purposes
of navigation, if properly fed,) thousands of acres of rich land were
unnecessarily submerge({, or partially so. It was a fact that at the

resent time, not one boat passed annually down the U{)per Thames

m Lechlade to Oxford, and yet the water was still impounded.
Even in hay-time, in dry summers, the water was dammed up to a
depth of 3 inches to 6 inches amongst the hay, the herbage being
water-plants, instead of nutritious grasses fit for animal sustenance.
This occ;;r:d n}c:w, he believed twice a week, when the water was
impounded for the pu of sending down the unnecessary semi-
weekly ¢ flashes.’ the river weremgade a perfect canal, and the
land drainage was allowed to fall into the main stream immediately
below a lock, mill, or weir, as the case might be, instead of imme-
diately above it, this state of things would be remedied. Any
increase in the tail water, tending to diminish the motive power,
would be compensated by the head-water being raised in a
corresponding degree, by the admission of the land drainage into
the river at a higher level.

The observations in the Paper went to show that the great evil
in the level of the Upper Thames was occasioned by the narrow
gorge at Sandford, where the coralline, or coral rag;‘ overlapped
the Oxford clay. One of the consequences above Oxford of this
great natural obstruction was that the levels of Wolvercot Mill,
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King’s Weir, and Wytham Mill Streams, had all been raised,
within the time named, by the improper addition of new cills on the
old ones, by which many acres of land had been flooded nearly a
foot deep. This was only one of many similar abuses. Thus the
damming up of Shire Lake Ditch at the top of Godstow, and of
Swift’s lgm‘z at the bottom of Godstow Liberty, had ruined Port
Meadow, improved Binsey, and swamped Ozxford. The treatment
of all navigable valleys was a national question, affecting the pro-
duction of food for cattle, and consequently of food for the people,
and this could only be properly done by the application of Farl{ia-
mentary Powers, the preYimmanes of which in his opinion were, form-
ing each valley into an elective drainage district, or districts, giving
one-tenth of the proprietors of any area requiring a combined sys-
tem of drainage, power to apply to the Enclosure %ommissioners, to
constitute such lands into a separate elective drainage district, with
a saving clause as to the consent of existing Commissioners of
Sewers,gl'own Councils, Local Boards of Health, or Improvement
Commissioners. Upon receiving this Petition, the Commissioners
should appoint an ﬁspecbor to make local inquiry as to the
ﬂ'opriety of the boundaries of the areas pro to be drained, &c.

the event of the proprietors of one-tEir of the land comprised
within the area dissenting, within a given time, the Commissioners
should dismiss the Petition. He suggested that the area to be
dealt with was the alluvial strata of the whole valley, as laid
down on the Geological Maps of the Ordnance Survey.

The Rev. J. C. CLUTTERBUCK said, in reply upon the discus-
sion, that though he had had access to much information from
landowners, he found it impossible to ascertain the extent of
agricultural drainage, or to make any calculation of the drainage
area of each tributary stream. It must be remembered that the
whole area, 1,500 square miles, comprised every variety of soil,
involving most complicated geological conditions. Thus, the
water was thrown to the surface, in some districts, by the under-
lying lias clays, in others by the fuller’s-earth, in another by the
clay beds of the forest marble, and then from the extended surfaces
of the Oxford, Kimmeridge, and gault clays. He had described
the geological condition of districts drained by each tributary, and
must refer to the Paper for all the information he could give. The
accuracy of the gaugings had been questioned, the minimum flow
at Wolvercot bemg deemed too small. Certain gaugings at other
points were brought forward ; but to show that these latter could
not be relied on, it was only necessary to refer to the case of the
Churn, a very considerable tributary, which decreased in its
course from 320 cubic feet to 110 cubic feet per minute. It
bad also been stated that the Thames Head seldom yielded
any water to the river. Averages of rain-fall afforded no guide

-
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to the mimimum flow of rivers; whith could only be aseertained by
actual observation. Personally be had great eonfidence in the
gaugings at Wolvercot, as they were taken b{ 2 man of
experience and an accurate observer. Mr. Treacher, the late
surveyor of the Thames, bad informed him that, in 1855, the
perennial flow in the Thames was so much reduced, owing to the
rain-fall in the previous eighteen months only amounting to the
yearly average, that all the flood-gates at the Pangbourn Lock
were openied at one time, a fact without example in his long expe-
rience. With regard to the capacity of the river for the discharge
of flood-water, when the river at Clifton Hampden, between
Abingdon and Wallingford, ran- ‘flash’ high, the flood-gates at
the lock being shut, the velocity was 134 feet, and the discharge
51,000 cubic feet per minute. In January, 1863, when the flood
attained its height, on the flood-gates below being drawn, the
velocity was increased to 265 feet, and the discharge to 182,000
cubic feet per minute, though the area occupied by the flood was
only doubled. He believed that Mr. Bryan Wood’s system of
confining the flood by low banks would be generally adopted,
i‘x;aﬁxecuting the so-much, needed improvements of the Thames
ey. ‘
sz:h regard to the objections: to the experiments on evaporation,
experience would show, that the increase of winter evaporation from .
drained soils would tend td diminsh winter floods. . He believed that
the amount of evaporation ffom & surface of water, or the wet surface
of the soil, was over-estimated. - In corroboration he could refer to
the dew-ponds on the downs, which, when once filled, were never
without water : he: repeated his belief that the extension of agri-
cultural drai would: tend to.. decrease floods. As .to the
remark that in Dalton’s gauge Bo account was taken of the over-
flow from the surface of\tfe soil, on looking to the daily records of
that gauge, he observed that. when rain commenced, only 1 inch
out of lzinch was. fecorded, showing that the § inch went to
replace previous evaporation. If the rain continued, as in
January, 1863, the whole-of the next inch would percolate to the
lower receptacle, and there would, be no waste by overflow. As to
what had been said about the water supply to be obtained from
the chalk, it should: be. remembered that the London wells alone
had been alluded to,in:the Paper; and he believed that the
decrease in the level of: the water in many of the wells of the
breweries in London confirmed his view. At the same time
be. could: confidently affirm; that many towns deiending for their
supply of water from chalk. wells might draw too heavily upon the
quantity of water at command. = . .
Mr. HawrssAW, President: in thanking the Author for his use-
_ful commumication, ‘whigh- le. regrefted not to have heard read,
[1862-1863. N.s.] 2 B
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would only obeerve, that as far as he had considered the matter
bhe thought it probable, that extensive agricultural drainage might
have the effect of decreasing floods.

At this Meeting it was resolved unanimounsly :—

“That in consequence of the marriage of H.R.H. the Prince of
Wales having been fixed for Tuesday, the 10th of March, there
should not be any Meeting of the Institution on the evening of
that day.”

March 17, 1863.

JOHN HAWKSHAVW, President,
in the Chair.

The discussion upon the Paper No. 1,074, on “The Perennial
and Flood Waters of the UEper Thames,” by the Rev. J. C.
CLUTTERBUCK, occupied the whole evening to the exclusion of any
other subject.
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" March 24, 1863.

JOHN HAWKSHAW, President,
in the Chair.

No. 1,075.—* Description of the Lydgate and of the Buckhorn
Weston Railway Tunnels.” By James GRANT FRasEw,
M. Inst. C.E. '

IN introducing a Paper on so important a subject as Railway Tun-
nels, the Author feels considerable diffidence, on account of their
long existence, and the extensive knowledge already possessed by
Eng‘meers relative to their construction. Yet the paucity of re-
corded information of a practical character, in the Minutes of Pro-
ceedings of the Institution, or elsewhere, on this interesting branch
of Civil Engineering, would furnish an excuse, if one was required,
for hazarding a Paper on such well-known structures.

The late Mr. R. Stephenson, M.P., in his address as President,
delivered January 8th, 1856, stated,' that nearly 70 miles of tunnel-
ling had then been formed in Great Britain. It may not, there-
fore, be inaccurate to assume 80 miles as representing the length
of tunnels now daily traversed by railway trains in the United
Kingdom; and supposing that they have cost, on an average,
£45 per lineal yard, the capital expended in their construction

.will have amounted to the enormous sum of about six and a half

millions sterling. Up to the present time, communications re-
ferring to a length of only 3 miles of tunnels, constructed at a cost
of about one-quarter of a million, or one twenty-sixth of the total
expenditure, have been read at the Institution, so that it is manifest
this class of work has been inadequately chronicled. Each tunnel
bas its own peculiar history ; the variety of strata, the springs of
water, &c. aﬁf require different treatment, and have demanded a
greater amount of forethought, and probably occasioned more
anxiety to the Engineers, tﬁan any other description of work.
Kilsby, Box, Woodhead, and many other tunnels, remain as bold
illustrations of conquered difficulties, but their histories are still
untold. If particulars of all important Engineering works were,
either during their construction, or immedately after their com-
pletion, transmitted to the Institution, for the information of the
members, more effectual remedies might in many cases be prac-
tised, with advantage to public economy.

! Vide Minutes of Proceedings Inst. C.E., vol. xv,, p. }25. 9
2B
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In selecting instances for this Paper, the Author will confine
himself to descriptions of two tunnels that have been executed
under his immediate superintendence, upon lines of which Messrs.
Locke and Errington were the Engineers-in-chief.

The Oldbam branch of the London and North-Western Railway
commenced by a junction with the main line at the Greenfield
Station, and terminated at the Oldham Station of the Lancashire
and Yorkshire Railway. Its length was 3 miles 64 chains, and
it was constructed at a cost of £35,000 per mile, exclusive of
theifpurchase of land.

he Lydgate Tunnel on this branch was driven through the
coal measures. The accompanying longitudinal section (Plate 8,
Fig. 1), prepared from measurements taken during the progress
of the works, illustrates the geological details. Faults are common
in this formation ; sometimes severing it in the line of the dip, at
other times in the line of the bearing. Several of these distortions
were met with in this work. Plate 8, Fig. 2, exhibits the singular
manner in which one of these presented itself, one half of the
tunnel being in strong shale and rock in veins, whilst the other
half was in a mass of wet and loose shale. The lengths of the
different strata cut through were,—

Clay and loose shale . . . . . . 210 lineal yards.
Strongshale . . . . . . . . . 33 ”
Strong shale, interspersed with bands

ofrock . . . . . . . . . . 474 "
Rock, with veins of shale. . . . . 135 .
Rock . . . . . . . . . . . 130 »
Limestone. . . . . . . . . . 138 .
Fireclay . . . . . . . . . . 30 9
Coal . . ... .. .. .. b

”»

. Total length of the tuunel . . .1,332

Five shafts were required for completing the tunnel within the
time specified : their total depth amounted to 289%81ineal yards,
and the average ratc of sinking each was 11 yards per month.
Four were left for permanent ventilation, the space between them
being about 230 yards No. 1* had formerly been a colliery
shaft, and had not been used for many years. It was reopened
by the Contractor, and from it a cross-heading was driven into
the tunnel, the centre of which was 40 feet distant. Great
care had to be exercised in fixing the centres through the por-
tion lined from this headin 524 lineal yards), as part was on
a curve, and part on a straight line. Fortunately perfect accuracy
was secured. The proximity of the shafts checked much incon-
venience arising from foul air. Where it occurred, fans were

9
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fixed on the surface, and a volume of air was forced down, and
conveyed through pipes, fastened along the tunnel. A sufficient
supply was thus transmitted, to enable the miners to form a junction
between the headings. In the uneighbourhood of the old coal-
workings, which ran across the tunnel, a considerable amount of
choke-damp was met with. To overcome its effects, a bore-hole
was sunk from the surface, and was lined with an iron pipe, down
which fresh air was forced.

The sinking of the shafts was carried on in the usual manner, b
excavating through soft material, and drilling and blasting throug:
rock. After attaining the avera%e depth o? 60 feet, the material
was -raised by engine power. The four permanent shafts were
lined with 9-inch brickwork, or about 12 inches of masoury, except
where in rock. They were finished at the soffit of the tunnel with
ashlar curbs about 2 feet 3 inches deep. Where water penetrated,
iron shields, with a gutter round the edge, were suspended, and
the water was conveyed by a pipe, down the side of the tunnel, into
the regular chanuels. The shafts were carried up 12 feet above the
surface of the gronnd, and were completed with an ashlar coping.
They were circular in plan, their diameter being 9 feet in the
clear ; this size was, however, found to be insufficient to allow of
the skips ascending and descending simultaneously, which occa-
sionally caused a short delay. A slight increase in the diameter
would have prevented this. A steam engine of 9 H.P. was fixed
at shaft No. 1% and locomotive engines between shafts Nos. 1 and
2, and shafts Nos. 3 and 4, each locomotive working two shafts.

The following table gives the depths of the shafts and the rate
of sinking, which averaged 11 lineal yards per month : —

No. of leted n_“' tothe | pate per
Shaft. Commenced. Comp D?Lch Month,
Lineal Yards.| Lineal Yards,
1* | August, 1854 . | October, 1854 27} ..
1 Ditto . . . | November, 1854 53} 13
2 | Ditto . . . | February, 1855 80 13
3 Ditto . . . | February, 1855 753 123
4 Ditte . . . | January, 1855 53 5
Total . .| 289} 434

With the exception of the faces worked from each cutting, and
amounting to 141 lineal yards, through which a bottom heading
was driven, the tunnel was ‘mined ’uﬁy a top heading, 6} feet by
4} feet, being first made. The shafts furnished ten faces, and
1,191 lineal yards out of the total length, were worked from them,
each face averaging 1726 lineal yards per month. The open ends
gave four faces, and both equalleX 9 lineal yards per month. The
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mined from the different shafts are given in the following
table :—

Lengths Driven.
No. of Total. Ttme oocupled. Bate
East. l West.
Lineal Yards.| Lineal Yards. Lineal Yards. | . Lin. Yards.
0 138 | 107 245 ' 1854, Oct, to 1856, March | 15
1 157 126 283 w  Dec., . 19
2 100 @ 96 196 | 1855, March, . 16
3 95 | 108 203 . . 17
119 } 145 264 w  TFeb, . 19
Faces 95 I 46 141 » Oect, v 9
fTotl .| 1,882 .. .. 95

There was no peculiarity in the mode of excavating in this case,
rock and strong shale being blasted bzemeans of powder, and the
softer material, clay and loose shale, being displaced by the pick-
axe. When the top heading had been driven for the full distance
of each length, the crown was protected by poling boards and bars
of larch, which description of wood is almost universally adopted for
bars, on account of its strength, combined with its elasticity. After
the ground was secured, it was widened out to suit the shape of the
tunnel, and the same description of timbering was ocontinued to 9
feet, or 10 feet above the formation level ; the distance between the
bars being ually increased. The earth was removed in iron
skips, (capable of holding half a cubic yard each), which were
glaced on light ‘trollies, and were pushed along tramways laid

etween the work and the shafts They were there raised by
engine power, and tipped on the spoil-banks on the surface of the
ground. The contract E)rice for this, without distinction, was
4s. 6d. per cubic yard, including all the timbering.

Where expedition is an important element in &e construction of
tunnels, the common mode of sinking shafts and multiplying the
number of faces presents many advantages; and it is doubtful
whether mechanical contrivances will ever bear comparison with
manual labour, when it is Possible to get several points simul-
taneously under the miners’ operations. Another system, occa-
sionally followed, is driving a heading near the rail, or formation
level, and at intervals forming & ¢break-up.’ This becomes, in
fact, the shaft of the former method, and presents the working faces.
But it can be easily understood, that one opening for a number of
men and a quantity of materials is not so su | in rapidity, a8
the system of sinking shafts, each of which affords a free channel for
supplying all the requirements of the labourers. Again, no
can be made with this heading, until the cuttings, or their gu}lets, are
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run up to the faces of the tunnel, and there are frequently obstacles
to this being done, as the gradients do not always admit of the
drainage being preserved. A bottom heading likewise necessitates
a much longer exposure of the sides to the action of the atmosphere,
which, in clays and marls, loosens the ground, causing weight to
follow, and in rock opens the fissures. As a rule, in tunnel con-
struction the masons, or bricklayers, should commence lining the
ground prepared by the miners, as soon as possible after it is ready.

The &ngths mined, before lining with masonry, varied accord-
ing to the nature of the ground ; averafing in loose shale 3 lineal

through strong shale 5 yards, and through rock 8 yards, and
in some instances 10 yards. The prives paid to the miners varied
from £8 to £18 per lineal yard, according to the material ; nearly
one-half of the total length of the tunl:j amougying to £12 per
lineal yard, or less.

The centres consisted of skeleton ribs, &laoed about lrimy:ard
apart. At the leading end two sets were fixed close together for

ter security. This description of centering is very suitable for

is kind of work, on account of its lightness, its non-hability to be

injured by the masses of rock scattered about after blasting, and

the facility with which it can be readjusted to the true contour line

when distorted in the work. The price allowed for setting the
centres was 8s. per rib.

The masonry used in building the side walls was coursed
rubble, the beds of the stones being punched with a hammer.
The footings were not less than 18 inches below the formation
level, and the walls were carried 7 feet 3 inches above the level of
the rails; the tunnel being 24 feet 6 inches wide at that point.
The arch for about 632 lineal yards was turned with fitted rubble,
but from the scarcity of good bedded stone, 700 lineal yards of
arching had to be built with brickwork. The contract price
thro:;ﬁout for masonry was 20s. per cubic yard. The time the
ma:oltlls and labourers were allowed for building, with the cost, was
as follows : —

Side walls, 2 feet 6 inches thick, and 12 feet in length,
4 masons, 1§ shifts of 8 hours = 7 at 5s.6d. £1 18 6

9 labourers ” ” '=15% at8s.6d. 215 1}
Arch, 2 feet thick, and 12 feet in length,
4 masons, 3 shifts . =12
2 ditto, extra, for key, 1 shift = 2 14at5s.6d. 3 17 0
11 labourers, 3 shifts =33
8 ditto, for key, 1 shift = 3 36at3s.6d. 6 6 0
N £14 16 73

or about 4s. 9d. pm' cubic yard.
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The mortar was composed of barrow stone lime, mixed with coal
ashes, in the pro¥ortion of 2 to 1, ground by heavy iron rollers,
and used fresh. Its setting power was most sati ry. :

Where much weight showed itself, by the bars either sagging, or
springing, the crown bars were built n, and the spaces between,
called the ¢mid-feathers,” were filled with brickwork. The ordinary
practice is to draw the bars after the arch is keyed, and then to
pun in earth, filling the mid-feathers with masonry. One of the
most important features in tunnel building is the prevention of any
motion In the ground, as when it occurs there is always great
expense in overcoming it, and many failures may be traced to this
as an originating cause. In cases where water was met with over the
crown of the arch, the tunnel was covered with zinc, terminating
in a gutter to convey the water to some convenient point, where
a pipe was built through the masonry, for its discharge into the
prtrJFer drains.

here was considerable variation in the thickness of the
masonry. In shale, the strength of work was as shown in Plate 8,
Fig. 3; whilst in rock, the section Plate 8, Fig. 4, was adopted.
The following table gives the lengths of each thickness built:

Thickness.
Lengtt Em:;ork. M-;eoll_lry MTON
Side Walls. Arch, Lineal Yard. | Lineal Yard. asonry
Lineal yards. Ft. fa. Ft. in. Cublc yards. | Cubic yards. | Cubic yards.

0| 36 | 26 0 200-
30 29 2 6 82 18} 547

16 2 6 2 6 81 174 280

30 2 6 2 3 79§ 1 490
120 2 6 20 78 15 1,890
119 2 0 20 76 14 1,725
62 2 0 19 74 13§ 827
24 2 0 1 6 724 114 282
500 19 1 6 71 11} - 5,667
421 1 .6 1 6 70 10§ 4,526
1,832 .. .. e .. 16,434

’I(‘ll:e average quantity of masonry per lineal yard was 12} cubic

yards.

The total length of the tunnel was 1,332 lineal yards. The first
length was keyed in on the 27th October, 1854, and the last was
finished on the 21st March, 1856, a period of seventeen months, or
about 80 lineal yards per month, irrespective of the shaft-sinking.
The tunnel was on a straight line for 47} chains in length, and for
13 chains on a curve of 74 chains radius. The width of the
tunnel was 25 feet, and was so continued to 3 feet above the level
of the rails. The height to the soffit was 20 feet above the level
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of the rails, and the footings averaged 3 feet 6 inches below the
rails. For 7 feet on each side of the crown the radius of the arch
was 10 feet 6 inches, then for 9 feet the radius was 14 feet 8
inches, and for the succeeding length of 7 feet 7 inches, the radius
was 26 feet 6 inches. The drainage was carried down channels
formed of dry stone pitching along the face of the side walls.
The ballast was composed of broken stone, 2 inches diameter, for
1 foot in depth, covered with ashes to the level of the rails.

The contract price for the tunnel through rock was £26 per
lineal yard, a.nJ) through shale £35. 16s. per lineal yard, the
average price being £30 per lineal yard.

The Buckhorn Weston Tunnel on the Salisbury and Yeovil
Railway was constructed through Kimmeridge clay, intersected
with veins of loose rubbly rock, as shown in the geological section.
(Plate 8, Fig. 5.) These veins acted as conduits for a large quan-
tity of water, which flowed into the tunnel, for nearly one-half its
length. The vein that principally affected the work is marked
¢ loose rock and water’ in the section. The main difficulty to be
overcome was the evil effects arising from this volume of water,
amounting to about 90 gallons per minute, which being confined
to the crown, instead of a general ¢shedding,” was a source of
exgense as well as of delay. It was eventually remedied by driving
a heading, 5 feet by 5 feet, for 200 yards in length, above the
tunnel, and about 10 yards beyond it. A pipe 12 inches in
diameter was laid in tKis; the remainder being filled up with
loose stone. The water was thus intercepted, and carried away
from the work. This heading is shown in the longitudinal
section (Plate 8, Fig. 5). :

It was originally intended, in executing this tunnel, only to sink
two shafts, and to form a bottom heading for waggons from the
cutting at the west end, the gradient falling in that direction, so
that gmmge could have been obtained. This heading was
driven for 200 lineal yards, when the action of the atmosphere
caused the sides to bu%;so much that double timbering had to
be resorted to. As this failed to check the swelling, the Plan
was abandoned, and a smaller heading was substituted. The
wa?ons were consequently prevented llgom entering the tuunel,
and three additional shafts, making five in all, to be surk.
As they were not intended to be permanent, the sides only were
. timbered, but in a very strong manner, on account of the treacher-
ous nature of the ground. These shafts were 8 feet square in the
clear, and their cost amounted to £1.10s. per lineal yard of
tunnel. The earth was raised by horse gins, kept in constant
operation. The average price for mining and tipping was 4s. 6d.
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per cubic Zard.' The lengths mined from the different shafts are

given in the succeeding table : -
Lengths driven.
No. of . Rate per
Total. Time Occupled.
St e West. - Moath.
Linea! Yards. | Lineal Yards.| Lineal Yards. Lin. Yards.
1 63 45 108 1858, Oct., to 1860, Jan. 7%
2 64 88 152 " " » Feb, 9
2 29 29 58 1859, July, to ,, Jan. 104
8 89 106 195 1858, Bﬁf .0 ,, Feb, 12
4 70 62 132 1859, July, to ,, , 164
Break-up .. .o 73 ”» ”» ” » loi
Face . . 21 » Oct, to 1858, Dec. 104
Total . 739 I K

The mining was conducted in a similar manner to that of the
Lydgate Tunnel, a top heading being first driven from each shaft.

e shafts furnished ten faces, and lineal yards were worked
from them, averaging 56 lineal yards per month. The ¢ break-up’
and face gave three additional faces, and 94 lineal yards were
mined from them, equal to 10} lineal yards per month. This,
under the circumstances, is a favourable return. The lengths
mined, before lining with masonry, ranged from 3} lineal yards in
heavy ground, to 5 lineal yards in favourable strata. The average
cost of mining per lineal yard was £30, exclusive of the shafts.

The bars were of larch of large scantling, the crown bars being
18 inches diameter, and fixed about 18 inches apart (Plate 8, Fig. 6).
The centres were strongly braced, each rib containing 35 cubic
feet of timber, and 285 lg’s. of wrought iron in bolts and straps.
The centres were fixed about 1} ya.rg apart, and the cost of setting
came to 6s. per lineal yard of tunnel.

As side re was anticipated at the commencement of the
work, the first ten len, weresbuilt with an invert, which con-
tained 4 cubic yards of brickwork per lineal yard (Plate 8, Fig. 7).
Further experience, however, and a more accurate knowledge of
the material, justified the abandonment of the invert. The
sure at the crown of the tunnel, occasioned by the water, re
it necessary to construct a length of 390 lineal yards, with seven
rings of brickwork, or 2 feet 8 inches in thickness. The remajn-
ing length of 350 lineal yards was favourable, the water-line
having dipped gradually, as is shown in the longitudinal section.
Through this distance the section, Plate 8, Fig. 6, was adogwfl
The tunnel was built throughout of brickwork; upwards of six
millions of bricks being used. The neighbourhood was totally un-
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provided with sbarp sand, and as a substitute, burnt clay, fine sand,
(the material of the locality) and broken bricks, were ground to-
gether, and mixed with Bridgewater hydraulic lime, in the propor-
tion of 2 to 1. 'The result was J)erfect{y successful. Great caution
was exercised in packing behind the brickwork, to prevent subse-
quent settlement of the surrounding ground. Many of the bars
were left in, and the spaces between were filled solid with brick-
work. Throughout the heavy ground three bars in each length
were on an average bricked in.

After the completion of the work, a large quantity of water
continued to percolate, which was conveyed by pipes into the
regular channels. The discharge of water was gauged at the
completion of the works, when it was not found to bave abated,
since the time of its being tapped upwards of eighteen months
previouslf. )

The following table gives the lengths of each thickness built:

Thickness | Earthwork, Masonry, Total
Length. of
- Work. Llnerlcfud. umff rYnN.

Lineal yards. Ft in Cubic yards. | Cublc yards. | Cublc yards.

4 35 110 2725 109

414 2 8 95 24°38 1,008

iwith invert.

835§ 2 8 85 20-56 6,903

1784 2 3 80 18-22 8,250

178} 2 0 ™ 14-88 2,657

7374 | .. . . 18,927

The av quantity of earthwork per lineal yard was 80 cubic
yards, and of brickwork 20 cubic yar(i).: The total length of the
tunnel was 739 lineal yards. The first length was keyed in on
6th October, 1858, and the last on the 17th February, 1860,
gm:iﬁ sixteen months for completing this work. The width of the
tunnel was 24 feet 6 inches at the level of the rails, widened out to
25 feet at 3 feet above. The height was 20 feet above the rails.
The crown of the arch in this case was more pointed than in the
Lydgate Tunnel, the »adius being 9 feet 3 inches for 5 feet on
each side of the centre; then a radius of 14 feet 3 inches for
7 feet 6 inches, and for the remaining length of 11 feet 9 inches
the radius was 21 feet 9 inches.

The total éost of this tunnel was £53,000, or £72 per lineal
yard, of which detailed particulars of every item are subjoined :—
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| 4 Cost per Cost per
Description. Total Cost. Unenl“ - mm'd Cubic yard ~
£. L s d| s d
Mining and tipping . . . .| 13,800 {18 0 0 4 6
Headiugs and shafts . 38,070 4 50 .
Timber . . . . . . . 8.400 415 0 .
{)rondand st;el e s s e e 2,250 1;» g 0 "4} |
owder and grease . . . . 1,040 0 0
Horsework e e e e 4,800 516 0 . !
Bricks, coal,andsand . . .| 13,650 | 1810 0| 18 6 '
Limeandgand . . . . . 1,732 270 2 4
Bricklaying . . . . . . 6,008 8 00 8 0 ,
Setting centres . . . . . 225 0 6 0 0 3%
Temporary roads and buildings . 1,095 110 0 .
Mansgement and plant . . . 2,650 83 10 O |35 percent.
Faces and drain . . . . . 400 010 0 .
Totalcost. . . .| 53,115 l 7118 0

In conclusion, it is satisfactory to be able to state that in neither
of these tunnels has any failure been perceptible. The Author
trusts that this description may be the means of eliciting from other
Members of the Institution further information on this subject.

ING

The Paéper is illustrated by three Drawings, giving longitudinal - w
sections of the strata passed through, as well as cross sections of
tl}leedtunnels at different points, from which Plate 8 has been com-

piled.

[Mr. FrAsEr
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Mr. FrasEr thought the following summary of the cost of rail-
way tunnels, constructed under the direction of Messrs. Locke and
gr;i:?nn, might be found to possess some interest, not only as a

of actual experience, but also as indicating, to some extent,
the relative expense of piercing different strata :—

Name of Tunnel. " Name of Rallway. Length. Strata., R

: Yard,

Lin.Yds. £,

Guildford . . | London and'South-Western. | 965 [ Chalk . .| 80
8t. Catherine’s . Ditto . . . . .| 191 |8Sand. . .| 40
Petersfield . . | Portsmouth . . . . 484  Chalk . .| 380
Salisbury . . | London and South-Westemn. | 440 | Chalk . .| 30

. . . . Red marl and

Honiton . . . Ditto . . .7. . [1,850 green sand 50
Lydgate . . . | London and North-Western. (1,332 | Coal measures| 30
Buckhorn Weston | Salisbury and Yoovil. . .| 7389 Clay . . .| 72

Mr. C. B. LANE gave a description of a tunnel executed by him
in the years 1843 and 1844, as resident assistant to the late’
Mr. Brunel, on the Bristol and Gloucester Railway, Fig. 1, p. 382.
The tunnel was situated at Stapleton, about 3 miles from Bristol, and
was carried through the shales of the coal measures, locally called
‘duns’ The ground, from the fact of an old tunnel (shown by
dotted lines on the cross section) having been carried through the
same place, and also from some old coal workings, was in a very
shaky condition. The tunnel was constructed for a double broad-
gauge line, its east side being occupied by the old tunnel, which
was about 9 feet wide and 12 feet high, throu%n which the traffic
on the Coal Pit Heath Railway, leading from Bristol to Wester-
leigh, was originally carried. The work was commenced in 1843
during a dry summer, and there being no appearance at first of
the pressure that afterwards exhibited itself, the arch work was
carried on with only four rings of brickwork in mortar. When the
autumnal rains set in, the ground began to press heavily, so much’
so that the whole line of the tunnel could be traced along the sur-
face ; and it pressed all the more heavily from the fact, that the
%'reatest depth over the arch was not more than 40 feet. On the

Uth November, 1843, a length of the tunnel fell in, and it was
found necessary to proceed with the centering as rapidly as pos-
sible, to prevent the whole of the work, so far as then constructed,
from falling ; and before completion, upwards of 200 liveal yards
of the arch had to be taken out and rebuilt. After this accident
the dimensions of the brickwork were considerably increased, and
Roman cement was employed. The late Mr. Robert Stephenson
the highest authority the profession had had on practical questions, -
—had said, that more was to be learned from failures, than from
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sucoesses, and it was on that account that Mr. Lane ventured to bring
forward the facts relating to this tunnel, asa warning to Engineers
not to incur unneceesary risks in tunnels. During Ene progress of
the work, some little embarrassment was caused by the necessity
of keeping the small tunnel open for traffic; but no interruption
occurred until the accident of which he bad spoken, and that
casualty was happily unattended with loss of human life. He had
at first used such centres as were employed in the Buckhorn Wes-
ton Tunnel (Plate 8, Fig. 6); but he thought it scarcely possible
to devise a more inconvenient centre for a tunnel : subsequently
skeleton ribs were used of the kind shown in Fig. 1. There were

SISENE . _Kiadis s
g L Do
W TP T SR e

Stapieton Tunnel, Bristol and Gloucester Raliway.

great objections to the use of timber centres in a tunmel, and he
prefe wrought-iron centres, like those used in the construc-
tion of the Metropolitan Railway, which must be !n'onounced most
valuable contrivances. The total length of the Stapleton Tunnel
was 514 yards. It was 26 feet wide at the level of the rails, 28
feet at the springing, and 24 feet high. The side walls were
built of sound-fitted rubble work, of Pennant sandstone ; and the
arch of brickwork was laid in lias. lime mortar up to the time of
the accident, after which Roman cement was chiefly employed.
At the conclusion of the work the arch steod thus :—
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Brickwork in Cement i—
6ringsthick . . . . . 122 lin. yards.
5 5 » - . . . . 280 ,,
Brickwork in Mortar :—
6rings thick . . . . . 10, ,
5 5 5 . . . . . 43 ,
4 9 ” . . . . ° ' 47 ” ”
Coursed rubble in mortar, 2 feet thick 7. 4
514 yards.

The work was executed in one hundred and thirty lengths, the
greatest being 16 feet, the least 6 feet, and the average about
12 feet. Where there was much lateral pressure an invert was

ut in.
P The total quantity of oak bars and props broken, or otherwise
destroyed, in timbering the excavations was 6,715 feet, or 13 feet
per lineal yard of tunnel. The quantity of poling boards unavoid-
ably left in amounted to aboutq50 superficial feet per lineal yard
of tunnel. The greatest number of bars used in one length was
thirty-four, and the greatest number broken in one length twenty-
three. From eight le only was all the timber saved. Tge
average for the %abour or- brickwork in cement (the three rings
next the soffit being laid header and stretcher) was 1 bricklayer
and 13} labourer to 1'8 cubic yard of brickwork; for the ma-
sonry, 1 mason and 1 labourer gave 2% cubic yards on the average
per day. The price allowed for centre setting, including the
g;oﬁles, was 10 shillings per rib. Bristol bricks were delivered for
shillings per thousand, and Keynsham lime for about fourpence
a busbel. 'FE:. Roman cement was gauged with ashes in the
proportion of 2 to 1, and gave an average, includin%‘hall waste, of
about 2 cwt. 3 qra. per cubic yard of brickwork. e oak bars
cost eightpence per lineal foot, and elm poling boards 16 shillings
per 100 square feet. The contract price for ordinary excavation
in the tunnel was 3s. 6d. per cubic yard, and for rock 7s. The
brickwork in mortar was 2geshillings, and in cement 30 shillings,
the rubble masonry in mortar 15 shillings per cubic yard, and
ashlar 2 shillings per cubic foot. Mr. John Pritchard was the
contractor. '

Mr. HAwksHAW, President, trusted that because the Paper did
not elicit much discussion, it would not be considered the less valu-
able. The fact was, a plain and accurate description of important
works was perhaps the most useful kind of communication that could
be laid before the Institution. The discussions were doubtless
very interesting, but the most valuable permanent records for the
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¢ Minutes of Proceedings’ were drawings and descriptions of
works of magnitude, and the detailed experience of those who
had superintended them. He therefore felt personally obli

to Mr. Fraser—and he was sure the Institution joined in that
feeling—for the Paper he bad laid before them. It related to a
class of work which often presented great difficulties ; and he
was quite sure if carefully-prepared accounts were brought for-
ward, of all those modes and processes which Engineers had
recourse to in comstructing the tunnels in this country, it would
afford, especially to the younger members of the profession, most
important and valuable information.
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No. 1,089.— Public Works in Pernambuco, in the Empire of
Brazil” By WiLLiam MicrAEL PEnistoN, M. Inst. C.E.

THE object of this Paper is to describe a few of the Public Works
of one of the most extensive, productive, and yet the least known
empires of the world. There are difficulties, however, to be met with
at the outset, in the want of statistical information, the absence of
correct mape, and the uncertainty as to what are called standards
of measure in Brazil. Pernambuco is one of the principal, but by
no means the largest, of the twenty provinces of which the empire
consists. It has an area about equal to England, whilst its popula-
tion is estimated not to exceed one million. It is so directly
in the course of sailing-vessels bound to Australia, the Cape of
Good Hope, and Cape Horn, that most of them sight the coast of
Pernambuco on their way out. The Royal Mail steamers for
Brazil and the Rio Plata leave monthly from Southampton, and
make two stoppages for, coal, at Lisbon and at St. Vincent’s, on
the voyage out. At the latter place there is a detention of two,
three, or even four days, arising from the great demand at this
mid-ocean depdt, and the want of adequate arrangements. The
distance from England is a little above 4,000 miles. The mail
steamers make the out in nineteen days; and on each of
the three trips the Xuthor has taken, leaving Southampton on the
afternoon of the 9th, the arrival at Pernambuco has never varied
an hour from 8 A.M. on the 28th of the same month.

The appearance of the town of Pernambuco from the sea is not *
imposing ; being built on a low, sandy, flat, only a few feet above
the level of the ocean. This flat is surrounded, at a distance of from
3 miles to 5 miles, by an amphitheatre of hills, the rising ground on
the north side being extremely beautiful, and on it was built the
original capital of the Province Olinda, so named from the exclama-
tion of admiration uttered by the first discoverers of South America,
“ O]l linda bellissima I’ most beautiful place. The commercial
- capital was soon after removed to its present position, on account
of the natural harbour formed there by a Reef, or in Portuguese,
Recife, which is the true name of the capital, although Europeans
generally speak of the town as Pernambuco, which properly only
applies to the province. This reef runs for hundreds of lcaﬁues
parallel to, and at only a short distance from, the coast. A little
further south it is reported to be of coral; but in the immediate

[1862-63. n.8.] . 2 ¢
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neighbourhood of Recife it is composed of soft, calcareous, and
silicious sandstone, the sand of which is similar to that found on the
adjoining beach, intermixed with shells of existing species. The reef
is Enere a%out 100 feet wide and 3 feet above high water ; it is strati-
fied, and dips to the east, on which side it has a long, flat slope ; but
on the side next the harbour it is nearly vertical. The width of
the channel increases considerably, between the town and the open-
ing in the reef which forms the entrance to the harbour from the
Atlantic Ocean ; and at the widest part, just inside the entrance,
a shoal, or bar, is formed, which has, until very lately, prevented
any vessel entering which drew more than 16 feet of water. The
Government are now, however, extending the quay walls of the
Marine Arsenal towards the entrance of the harbour, thus equal-
ising the channel area ; and by the use of a dredger on the shoal,
(which is of no great width), there has been already excavated
a channel which admits vessels of 18 feet draft. This channel
does not present, as yet, any indication of a tendency to refill

In consequence of the absence of quays with sufficient depth of
water for vessels to come alougside, gll cargoes have to be shipped
and discharged b{ means of lighters, the owners of which enjoy a
practical monopoly. The usuafchar for lighterage is one milreis
per ton, to be paid by the ship, ange one more by the receiver of
the goods, or 4s. 6d. per ton in all. Occasionally this charge has
amounted to ten milreis, or 22s. 6d. per ton, although the distance
to the shore does not exceed half a mile.

The number of foreign vessels entering the harbour annually is
about three hundred and fifty, averaging 250 tons each. e
coasting trade is carried on Princip«ﬁ]y by the Pernambucana
Steam Boat Company, which enjoys a grant from the Government,
covering all the working expenses, but has not yet been able to
pay a dividend. There is a fair trade carried on by Barcassas, or
sailing barges, of from 15 tons to 25 tons, which run up the mouths
of the smaller rivers, to receive and discharge their cargoes. The
¢ Jangada,’ or Raft, (of which a model is exhibited,) although not
available for the carriage of cargo, is used to a great extent for
fishing, and as a passage-boat, for hundreds of miles along the
coast. The same craft, without its sails and shelter, is used at all
ferries in the rivers of the interior.

There is properly no river navigation in Pernambuco; but the
Sio Francisco, which rises among the hills, in the rich mining district
at the back of Rio de Janeiro, flows northward from Minas Geraes
till it enters the Province at its south-west angle. It there pre-
cipitates itself over the Falls of Paulo Affonso, a depth of nearly
200 feet, whence it takes its course through a rocky rapid channel
for nearly 200 miles to the sea. Above the Falls of Paulo
Affonso, the Sao Francisco is navigable to the Falls of Pira Péra,
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a distance of from 600 miles to 800 miles, and it is to this, as a
feeder, that the railways from Recife and Bahia are both directed.
Nothing can exceed the richness of the soil in the valleys in the
interior, which are principally devoted to the growth of sugar.
This in general is very E:;orly cultivated, and the manufacture is
worse conducted, only from 50 to 75 per cent. of the saccharine
being extracted from the cane. The produce is sent on horses’
backs from 70 to 100 miles to the port. Inthe height of the sugar
season, eight thousand horses so laden usually arrive daily; the
quantity annually exported from Recife varying from 60,000 to
70,000 tons.  Cotton is occasionally found growing wild; and is
cultivated only in the far interior. It is also sent to the port on
horses’ backs from distances varying from 200 to 500 miles; the
annual export being from 20,000 to 25,000 bags of 170 lbs. each.
Hides, rum, dye and fancy woods, with cotton and sugar, form
the principal exports; but tobacco, coffee, rice, Indian corn,
mandioca, and beans are cultivated largely for home consumption.
The principal imports are manufactured cotton goods, hardware,
dried fish from Newfoundland, and dried beef from Buenos Ayres
and from Rio Grande do Sul. The duty chargeable on imported
goods varies from 2 to 60 per cent., averaging say 30 per cent. ;
while the duties on exports are only about 8 per cent. All articles
required for the construction, or the working of a railway are
allowed to free. But the number of forms to be gone throu%h
involves de{:; and annoyances, which will be much lessened by
adopting the courtesies of the country.
he of the currency of Brazil is the real, one thousand of
which are a milreis, equal to 2s. 3d. English. Large amounts are
reckoned by contos, or one thousand milreis, equal to £112. 10s.
The milreis has been stated to be equal to 2. 3d. English; but it
is subject to constant fluctuations, according to the rate of exchange,
27d. being taken as par. In 1858 and 1859 it was so much below
par, that the salaries of Englishmen, estimated by the milreis at
par, required an addition of 8 per cent. Whilst on some occasions
In times past business has been done at 24d., advices by the last
mail show that it had risen to 30d., an exceptional case, it is pre-
sumed, for a paper currency. Wages are usually reckoned by parts
of the milreis, called by the native workmen patacas, the milreis
being equal to 3 patacas. Thus men are spoken of, as well as
wages, as being from 3, 3}, 4, 41 or 5 patacas—the usual limits-of
range, or from 2s. 3d. to 3s. 7d. The Government rate of inte-
rest is 7 per cent. The banks give 8, but 10 and 12 per cent. are
easily procurable on very good security ; and 1} per cent. per
month 18 by no means an unusual interest for the senhors to pay
for money advanced on the security of the crops. :

The ordinary measure of weight is the aroba, equzal tc2, 32 Ibs.
v c
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English, or 70 to the ton. The cubical measure for dry goods is
the alqueire. This varies considerably at different places, nearly
every town having its own standard. At Recife, the capital of the
province, the standard alqueire measures 2:93 cubic feet; whilst
at Villa do Cabo, within 20 miles, the standard measures only
2-18 cubic feet. The national standard of length, the braga, or
fathom, was defined, in 1852, to be the ggl;5th part of a league of
eighteen leagues to the degree, without. specifying where the de-
gree was to be taken. By the law of 1857, 1t is fixed that the braca
is to be equal to 22 decimetres, or 7-218 feet ; and the league is
sometimes estimated at 3,000 bragas and sometimes at 2,400
oragas, The palmo, or hand, is one-tenth of the braga. Besides
these two national measures, the French metre is frequently used.
Most small dimensions are given in polegados, or inches, and here
a further difficulty arises, owing to the difference between the
Portuguese and the English inch, both of which are used, the
Portuguese being to the Eoglish as 1-000 to 1-082.

If 1t were not for the occasional outbreaks of yellow fever, the
climate of Pernambuco would be most enjoyable ; but so sudden
and sweeping are the attacks of that malady, that panics are fre-

uently created, and the dread of it operates, long after it has

isappeared, to prevent the full enjoyment of the climate. It is,
however, rare that fatal cases occur with men of good constitution,
of cleanly and regular habits, and who take frequent and active
exercise. People of sedentary habits, sailors, navvies, mechanics,
and all who give way to a dirty, loose mode of living, are its usual
victims ; but it is & curious fact, that at a time when nearly every
vessel in the harbour of Recife was losing numbers of its sailors by
fever, vessels alongside with creosoted sleepers on board never lost
one. Ocoasional outbreaks of cholera have been very fatal amongst
the slave population, whilst small-pox has made great ravages with
the natives ; but these complaints are confined almost exclusively to
those classes. The healthiness of Pernambuco may be gathered
from this, that although all seek to avoid the city of Recife as
less healthy than the country, yet in the city with a population of
120,000 persons, until lately without a single closet, or any drainage
whatever, and with a daily consumption of water of only § gallon
per person, the rate of mortality is only 1§ per cent. per annum.

The variations in temperature are considerably less, and the
regularity at any hour much greater, than in this country. For
the five, or six summer months, the temperature does not vary
more than 4° above, or below 82° at 9 A.m. in the shade, nor 4
above, or below 78° at the same time for the winter months. The
mean maximum temperature in the shade for the year 1861 was
84:4°, and the mean minimum in the shade for the same year
68:8°. December was the hottest month, viz. 90° in the shade.

—
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July was the coldest month 85-75° in the shade. During the
night, the average lowest temgxennure was 64'5° in September, and
the average highest was 71-75°in April. The highest temperature
in the shade was 92° in June, and in the sun it was 148° in
November. :

The total fall of rainin . . 1860 was 67:20 inches.
v . 1861 ,, 12875 .
For the first six monthsin . . 1862 ,, 5364

The wettest monthin . . . 1860 ,, June.
2 2 1861 9 Jaﬂuary.
” ”» 1862 3 March.

The extreme recorded rain-fall was 7-25 inches in twenty-four
hours, of which upwards of 4 inches fell in six hours ; this was in
January 1861. ’Fhe highest floods in the valleys crossed by the
Recife and Sao Francisco Railway vary from 15 feet to 25 feet ;
but they rise very rapidly, as frequently the river is in its usual
quiescent state in the evening, and in the morning is a raging
torrent.

The coast of Pernambuco is peculiarly free from storms; the
winds being as regular as they are proverbially uncertain in this
country. The prevailing winds are from the east, veering a little
to the south when the sun is in the northern hemisphere, and a
little to the north of east when the sun is in the southern hemi-
sphere. Towards evening a land-wind springs up, which falls
again in the morning; and for the hour, or two after the land-
breeze has fallen, and before the sea-breeze sets in, the heat
is more sensible than at auny other hour of the day. The regularity
of the wind on the coast of Persambuco has directed the Author’s
attention to it as a motive power, there being no water-power to
compete with it, and the cost of fuel being a serious objection to
the use of the steam-engine.

The geological character of the province is chiefly of the
Plutonic type, the base beiug almost invariably granitic, or meta-
morphic. The most prominent hills are of granite at their sum-
mits ; but the smaller hills are generally of decomposed schist
or gneiss, the decomposed 'mate!'ilﬁe still retaining the appearance
of the rock, though perfectly soft. In some ibstances the section
represents an intermixture of boulders and coarse water-worn
gravel, entirely decomposed and quite soft, working like the oolitic
sands. There are several indications of trap rock, from St. Antéao
in the south-west to Ilha, near Recife; and the island of Sao
Afleixo, near Serenbaem, on the eastern coast, is of the same class
of rock.

The waterworks for the supply of Recife consist of a natural
reservoir among the hills, about 33 feet above and 9 miles from
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Recife, to whicn the water is conveyed by a main 12 inches dia-
meter, and is distributed by thirteen stand-pipes and fountains
in different parts of the town, and sold at the rate of about a
halfpenny per cubic foot. The ships in the harbour and the
villages in the suburbe are supplied by lighters and canoes at the
same rate. The works have been very ably executed, under the
direction of Mr. Bowman, an English%ngineer long resident in
Recife. They cost less than the estimate, and yield about 15 per
cent. per annum to the proprietors.

The gas-works of Pernambuco are of so late a date, that they
have not yet been completed, as regards the accommodation to be
rendered to the suburbs and the adjoining villages. They bave been
very well carried out by Mesers. Bellbouse, of Manchester, under
the direction of Messrs. Law and Blount, Civil Engineers. There
are now 1,100 public lights, and 2,800 private lights, supplied by
about 30 miles of main and service pipes, from two gas-holders,
100 feet diameter and 18 feet deep, with a gas-making apparatus,
consistin% of sixty retorts, hydraulic mains, two vertical condensers,
two dry-line purifiers, a scrubber, exbausters, steam-engine and
boilér, station-meter, governor, &c.

Up to a recent date there was no drainage, or sewerage, what-
ever in the town of Recife. The Government bas now granted a
concession to M. Cambronne, who undertakes to put a water-closet
into every house, so constructed that all liquid matter is to pass
.into a system of pipe-drains, and all solid matter into a closed
barrel, which is to be removed once a week to an establishment
outside the town, where the contents are to be converted into a
dry manure. A regular rate has been fixed at which the closets
are to be sup;ulied, and a fixed annual sum is to be paid by each
householder, for the service of emptying the barrels.

The streets of the city proper, where the traffic is heavy, are
pitched, or very roughly paved, with stones of any size, or shape,
consisting mainly o? granite taken out of vessels in ballast from
Europe. The streets being extremely narrow, the traffic is usually
worked over them by long, low trucks, from 6 feet to 8 feet in
length, about 2 feet in height, and 2 feet 6 inches wide, hauled by
a single bullock. These trucks suit the goods which form the
principal traffic very well, as this consists of sugar in b‘:ﬁa of about
13 cwt. The side streets and the thoroughfares in the suburbs
are sand tracks in summer, and frequently watercourses in winter ;
but this is being altered, under the direction of Mr. W. Martinean

M. Inst. C.E.), the Government Engineer. OQutside the town

ere are four principal roads, about 20 to 25 miles in length each
from the capital, leading south towards Rio Formoso, south-west
to Victoria, or Sao Antdo, west to Paé 1’Alho, and north to
Iguarassu. The total length of road passable during the greater
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of the year for wheeled carri throughout the province is
E%!:ut 130 m'gles. Of this about o:eg-?xth only is metalled. It is
considered that, in clay districts, metalling alone is available to
make a passable road ; but in districts where the soil is favourable
and the drain isgood,a fair road may be made by a proper
admixture of :liey and sand, provided it has a sufficient rise in the
centre. This mixture soon gets beaten hard, and endures a good
deal of bad weather before it gives way. : :

In some districts the roads made by the Government are prac-
tically useless, from the want of bri acroes the rivers ; in others
timber bridges have been built. ese usually have brick abut-
ments, and piers of timber piles ¢ wriggled ’ in, the use of the pile-
engine being almost unknown. On the piles so driven, cap-sills
are fixed, and two, three, or four longitudinals, according to the
width, which is ordinarily 15 feet, are laid throughout from abut-
ment to abutment. On these, cross timbers from 6 inches to
8 inches square are laid side by side, and these form the road on
which the wheels run. The want of sufficient bearing in the piles,
and the rapid decay of timber in that climate, makes these bridges
a constant source of trouble and expense. Therefore for the bridges
on the new roads now being made iron has been adopted. The
Sao Joao bridge, on the Pag d’Alho road, consisting of four spans
of 60 feet each, 1s a fair example of the class of structure now being
introduced by the Government Engineer. Besides these public
road bridges, there is a new iron bridge in the town of Recife,
erected from the designs of Mr. Edwin Clark (M. Inst. C.E.), of
which Messrs. Horace Green and Co. were the contractors,

In districts adjoining the capital, and in bad clay, or for heavy
traffic, the road is metalled with broken granite, mostly brought
from Europe as ships’ ballast, to a width ofr from 12 feet to 15 feet
and about 9 inches in thickness, wide spaces being formed on each
side for horse traffic, as the horses are never shod.

The cost of these roads has been, in times past, almost fabulous,
exceeding that of European railways. But according to the latest
contracts, the cost has been under £3,000 a mile, including the
bridges, but exclusive of the metalling, which latter a short time
back amounted to upwards of one pound sterling per cubic yard,
when broken andspread in place. It may be noted that these roads
were generally made from a sketch map, the distances being
plotted approximately by the time occupied in walking from one
place to another. 'I‘he preparation of the survey followed the
completion of the work.

ext in order to the public roads come the bullock tracks, made
and repaired by some proprietors through their own estates, where
carts can travel during the summer months; but these are little
used, and indeed are scarcely available, for public traffic.
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The main traffic of the country is at present carried on by pack
horses, on tracks barely wide enough for two horses to pass each
other, and pursuing a course 8o devious as to lead one to speculate
what could have been their origin ; certainly not to take the most
level course, for they fre?uently mount the highest hills, apparently
only for the purpose of descending them again. In winter, the
constant working of the horses’ feet, each following in the leader’s
track, works these roads into a series of ridges and furrows, which
run with the greatest regularity across the track ; and it is not at
all unusual for the horsemen’s feet, or the horses’ girths, to be
touching the tops of the ridges between the furrows, or trenches, in
which the horses walk. The pack horses as a rule are not larger
than English ponies, or cob horses, carrying from 250 lbs. to
300 lbs., a distance of from 20 to 25 miles per day, at a charge of
from 6s. 6d. to 11s. 3d. Neither the horses nor the drivers are at
present available for any draught work ; and for railway purposes
it has been found necessary to introduce English horses and
En{ish drivers. The system of feeding is not conducive to bard

ork, being ordinarily grass of the country, called ¢capim,” with
molasses and water.! .

On the estates adjoining the Government roads, and for the
work of the Engenhos themselves, bullock earts are used for trans-
Eort. These consist of a pair of cheese wheels, 4 feet diameter,

eyed on to a wooden axle. The bed of the cart is framed on to
the wooden pole, and seated on the axle, by means of two wooden
bearings, or plumber blocks. To the pole are generally attached
three pair of oxen, whose daily duty is about 10 miles, the average
load not exceeding 15 cwt. "L'he charge per day for a pair of
bullocks varies from 9s. to 18s. 6d.

To render this state of affairs more apparent, imagine, if pos-
sible, the following parallel case. Suppose England to be part
of an empire extending from the Straits of Gibraltar to the North
Cape in the Arctic Ocean, which is exactly the extent of the sea-
board of the Brazilian empire. That London, as the capital, had
one road, partly formed, but not metalled, to Staines; a second
road partially metalled to Reading; a third formed, but with
bridges incomplete, to Watford; and a fourth just completed to
Barnet. That none of these roads could take more than lightly-
laden carts, and that all beyond and betwecen was wild country,
with horse tracks alone; sucﬁ was the condition of Pernambuco be-
fore the railway was commenced. But in justice to Brazil it is neces-
sary to carry the case a little further, and suppose, as is the fact,
that this vast empire only obtained its constitution in 1825, and

1 This only applies to the district within a hundred miles from the sea-coast ;
in the interior horses regularly working are fed chiefly on *milho’ (Indian corn)
during the dry seasun.—W. M. P.
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as only firmly established as an empire in 1831, on the accession
of the nt Emperor, and the surprise will be not that there are
no detailed records, or statistical accounts, of public works, but that
there are any public works at all to compare with those existing in
the old-established countries of Europe.!

The absence of river navigation, the inefficiency and great cost
of public rvads, and the horrible character of the common roads of
the country, led very naturally to the consideration of a railway,
which was brought forward by the Messrs.-de Mornay, English
Engineers engaged in Brazil, who, whilst executing some im-
provements in sugar machinery, became acquainted with the
urgent wants of the district. eir project was to carry a line
through the entire length of the province, from Recife, the capital,
to the Falls of Paulo Affonso, on the Rio Sao Francisco. This
being well recommended to the Government, received its sanction,
and a concession was granted for the whole line, with a guarantee
of 5 per cent. from the Imperial Government and 2 per cent. from
the lyr‘i)vincial Government, upon.the estimated cost of completing
the first portion of the line, from Recife to the River Una, a dis-
tance of about 75 miles. Besides the guaranteed interest, it was
conceded, that there should be no other line within 20 miles ; that
Government land should be supplied free of cost, and the right of
working, or letting the minerals for 20 miles on each side; that
there should be powers of deviation for a mile on each side; that
native labourers on the works should be exempt from impressment
in the National Guard; and that all materials required from
Europe should be admitted free of duty.

The original estimate was for a line on the North American
system at £540,100. By the advice of the late Mr. R. Stephen-

. son, M.P. (Past President Inst. C.E.), the late Mr. Borthwick
(M. Inst. C.E.), went out to examine the line. He recommended
considerable alterations and revised the estimate, which was in-
creased to £875,123. Further improvements were afterwards
introduced, and the capital was increased to £1,200,000, to which
amount the guarantee on the part of the Government was extended ;
but even this has not sufficed to complete the line, and the Brazilian
Government have now agreed to a er extension of the capital,
to cover the amount actually expended on the works.

The inspection and control of the Government have been confined
to examining and reporting on the character and mode of execu-
tion of the works. 'F;xis duty has been performed by Engineers-

! At Rio de Janeiro there are some very good roads, one of which is equal to
the best macadamized roads in England, and is upwards of 100 miles in length,
extending from the terminus of the Maué Railway, near Rio de Janeiro, to Juiz
de Fora in the Province of Minas Geraes.—W. M. P.
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Fiscal, gnerally Brazilians resident in Recife, assisted occasionally
by the Engineer to the Province, Mr. Martineau, and subject to
periodical inspection by the Consulting Engineer to the Il‘x:lperial
Government, Mr. C. B. Lane (M. Inst. CE.). It would be
unreasonable to expect, that public works, like railways, could be
carried on without giving rise to differences of opinion between
Engineers re ting interests sometimes at variance; yet it is
a bare act of justice to state, that the Government Engineers have
performed their duty with a fairness worthy of the liberal Govern-

ment they represent.

The c{mm:teroftheooun traversed by the first portion of
the Recife and Sao Francisco Railway, from Recife to the River
Una, presents a great uniformity in its physical features. It con-
sists of a succession of narrow valleys, with hills from 100 feet to
150 feet in height, the sides being very thickly wooded, composed
almost without exception of rock of a granitic character, varying
from a state of perfect decomposition to its natural hardness, the
proportion of und to hard rock being at least 10 to 1. It
was decided, by the Concession, that the curves should not be
sharper than 20 chains radius, or the gradients steeper than 1 in
80, nor longer, at that inclination, than 2 miles. e character.
of the country may be gathered from this, that in no case has the
specified ient approached the limited length, and in two cases
only has 1t exceeded 1 mile in length. ,

tunnel only has been required, and that under 500 feet in
length. A short tunmel like this for a single line, through easy
ground, and with very inexpensive, unornamental fronts, would
require no particular description, were it not that its position
rendered it desirable to effect a communication through it, for the
eonlv‘?anoe of materials to the upper portion of the works. When,
therefore, the small trial heading had shown that the ground was
favourable, as the materials for %he permanent tunnel were not at
hand, and there was plenty of timber on the ground adjoining, it
was decided to enlarge the heading sufficiently to take an engine
through, minus the chimney. This was effected without difficulty,
and a constant stream of materials passed through, durin%meal
times, without interfering with the work. With the like objects,
of keeping up the supply of materials and of not delaying the
tunnel, the mode of execution was varied to the following extent ;
as soon as the end lengths had been completed in the usual manner,
a surplus stock of materials was sent through so as to last for a few
days; the road was then broken up, the invert was built through-
out, and the road was re-laid; r which the tunnel and the
supply of materials went on without interfering one with another.
The size of the large heading was 9 feet 6 inches wide at the
bottom, 8 feet wide at the top, and 10 feet high. The invert and
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arch of the tunnel were of brickwork, with side walls of rubble
masonry, and the cost was 13s. 6d. per yard for labour only.

The earthworks of the heaviest 20 miles bave amounted to
about 800,000 cubic yards, or 40,000 cubic yards per mile ; which
is about double the other parts of the line. The highest embank-
ment and the deepest cutting have been about 40 feet. The
dimensions usually adopted are, for cuttir?a a width at the for-
mation level of 20 feet, which in:}]udee a 2:1. eetIdrail;kon each siﬁ:e,
the slopes varying according to the groun n rock cuttings the
width ige:eda& to 10 fe:tg, with agirr‘;in down the centre. The
width of the embankments at the formation level is 16 feet, with
slopes of about 11 to 1. The formation surface is trimmed 6 inches
lower on the outside than in the centre, and is kept 18 inches above
the level of the highest known floods. This gives, usually, a pre-
ponderance to the quantities in the embankments, as most of the
valleys are subject to floods. The balance of quantities has been
further disturbed by its having frequently been found preferable to
make up the shallow banks in part from side cutting, rather than
from a long ¢lead,” and then to complete them to the full dimensions,
after the rails were laid. It is necessary to bear this in mind, or the
section, however carefully taken, will not represent the quantities
actﬁllytobeexﬁcuted. b all of the length of

ere are eight princi Ti of irom, in the le o
about 75 miles;.lg Tgey vsi’:yl in lilg;l’t from 15 feet to 25 fene%,t and
are of the following spans:—No. 1 has five 60 feet spans, No. 2 six
60 feet spans, No. 3 three 60 feet spans, No. 4 two 60 feet spans,
No. 5 one 80 feet span and one 50 feet span, No. 6 one 80 feet
span, No. 7 two 60 feet spans, and No. 8 two 90 feet spans.

The smaller streams are carried under the railway by open cul-
verts where practicable, small iron girders being used to carry the
railway across them, when their spans ex 4 feet. here
this mode has not been possible, the usual form of brick culvert has
been adopted. .

The fencing found to answer best is a ditch and bank, the
latter being planted at the proper season with the native thorn.
This fencing serves its purpose very well; but the real difficulty
is to keep people from trespassing a.lon%x::he line, which not oul
the people of the country, but those in subordinate authority, thin
theﬁhave a perfect right to do, .

The Fermanent way, for the first and second divisions, consists of
a double-headed rail, weighing 80 lbs. per yard, with creosoted
larch cross-sleepers laid at intervals of 3 feet, on the average. The
rail is fixed in cast-iron chairs, weighing 243} lbs. each, the joint
chair being 39 Ibs. weight. Each chair 1s fixed to the sleeper by
two spikes Iths of an inch diameter. The rails were at first laid
without fish plates, but these have since been added, and the weight
of the rails, on the remaining portion of the line, has been reduced
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to 72 1bs. to the yard. About 10 miles of the permanent way have
been laid, as an experiment, with Greaves’ ‘pot’ sleepers. The
have answered very well generally, but in a wet bottom, or on higz
embankments, the line, so constructed, does not remain in such a
d condition as when cross-sleepers are used. An experiment
18 being tried with sleepers of native timber, of which there are
in the woods adjoining the line nearly a dozen different kinds,
that are understood to be sufficiently durable for the purpose.
These are Sapucaia de Peilio, Paé d’Arco, Aroeira, Coracio de
Negro, Maria ¥’reta, Sedro, Amarella, Pa6 Ferro, Emberiba, Murici,
and Visgeira. The price at which these can be delivered is one-third
that of creosoted sleepers. The only question is whether such cau-
tion can be}egercised in the il‘el}ection of thl:a timber as shall insure
its being of the right sort. The this advan that when
the chag' is once lggll spiked to {hmbecomes a lt:ft(:;r of t
difficulty, in fact almost an impossibility, to draw the spikes. There
have been instances of failure in the creosoted sleepers sent out
from England, but they have stood much better than the compressed
keys, which have had to be entirely replaced. There are several
kinds of native timber available for this purpose. Those now being
used are made of wood called ¢Oiticica,’ or of ‘Sicupira.” They
are steeped in creosote for about three months, there being at
resent no means of putting them under pressure. The ballast
or the whole of the first division, or 20 miles of the line, is
com exclusively of sand. For about 9 miles of this distance
the line passes through a series of small sand hills. On the second
division the ballast is composed partly of decomposed granite,
‘topped’ with the sand from the first division ; but the upper part
of this division, and the whole of the third and fourth divisions, are
ballasted with a coarse sand found on the adjoining river banks.
The stations and line arrangements are of the simplest de-
scription. The station at Recife is at present a temporary one, on
the understanding that the line, which now terminates at the suburb
of Cinco Pontas, will be advanced to a more central situation in the
city. The intermediate stations each consist of & booking-office 12
feet square, and a passengers’ waiting-room of the same size, with a
porch between them. These stations, twelve in number, are Ero-
vided with sidings only; but there are three larger stations where
goods sheds are provided, and two have running sheds for the
engines. There is not the slightest attempt at ornament in any
of the buildings, which have been executed in the simplest way, .
with the best materials, and with a view to the extension of the
acc’f‘ll:lm;)dation as the traffic increases.
e locomotive engines, carriages, and of the goods wag-
gons were manufacturgd in Englanag ; the en];?:tes by Messrs. Robert
tephenson and Co., the passenger carriages by Meesrs. Wright
& Co., and the goods waggons by Messrs. Brown, Marshall, and Co.
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The engines have done, and are doing, their work in that first-rate
style for which Mesars. Robert Stephenson and Co. are celebrated.

e ger carriages are from the designs of Mr. Edward
de Mornay, the original Concessionaire of the line, whose ideas
have been ably carried out by Messrs. Wright & Co. They have
succeeded in building a carriage reputed to be one of the best for
tropical climates. It bas one peculiarity, however; the projection
of the double roof gives a wmf) width of 12 feet, and necessitates a
middle track, or s between the rails, of 7 feet 6 inches, instead
of the ordinary wimf 6 feet. The goods waggons generally have
been made in Brazil, and for this purpose, as well as for the ordi-
nary uses of the line, the Company established workshops at Bar-
balho, near the upper end of the first division.

It was origi proposed that the engine-shed and repair-
ing shops should be built on waterside property, adjoining the
harbour of Recife; but about the time they were to have been
commenced, there occurred an outbreak of yellow fever, which
carried off several of the English foremen and mechanics, and
frightened away so many others, that it was decided to establish
the locomotive depit at Barbalho, about twenty miles up the line,
-as this had the reputation of being a much healthier place.
The general arrangement of the workshops and men’s quar-
ters is that of a ﬁ:l]ow square, but only such portions were
executed as were required from time to time. one side,
abutting on the line, are the shops and running shed ;—on the
second side are the married men’s cottages ; at the back are the
single men’s quarters; — and on the further side, on a mound
overlooking the whole, is the locomotive sl;perintendent’s house and
offices. The workshops cover a space of 180 feet by 160 feet,
and consist of one central space of 30 feet with a traversing frame
running through the centre of the shops, by which engines, or
carriages, u%e bt in from the line, and be placed in either
of the side stalls, which are all 20 feet wide. The roof, of which
the tie-beam is 15 feet from the rails, is supported internally by

illars of native timber, and externally by brick piers 3 feet by 24
eet at the sides, and the end finished under each principal with
arches. The spaces on each side of the traversing frame are again
divided: into four nearly equal areas. One of these serves as a
general fitting and repairing shop for engines; and opposite this,
on the other side of the traverse, are the forges, lathes, iron planing
machine, &c., whilst the space devoted to waggon building and car-
riage repairs is situated opposite to the saw benches, wood planing
and morticing machines. In a detached building adjoinin% the
running shed, is a small foundry, capable of producing all the
ordinary small castings of iron, or brass, usually required for
rolling stock and repairs. The following is the list of a tools
fixed in the different shops :—25 H.P. engine and boiler; wheel
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turning lathe ; lathe with 17-inch centres; ditto with 8-inch cen-
tres ; screw cutting lathe with 10-inch centres ; screwing, slotting,

laning, and vertical drilling machines; 6 fan blasts for smiths’
Kearth%l anl(xiro 2 ditto for the t]:'ougdry; 6 smiths’ hearths; clﬁme ;
2 double-throw pumps ; with the necessary shafting, pulle
drums, &c. In p1;hep‘:vood machinery shop are the gfolll:)winés;
planing, tenonin%, morticing, rebating and drilling machines ; 3 cir-
cular saw benches, and a self-acting saw bench; vertical saw
sweep; turning lathe ; grindstone, circular oil stone, with shafting,
drums, pulleys, &c. is establishment has at present proved
amply sufficient for the purposes of the line.

he first concession K‘om the Brazilian Government was dated

June 1852 ; the last in December 1855. The actual work was
commenced in May 1856. The first division of about 20 miles
was opened in February 1858 ; the second on the 16th December
1860 ; the third and part of the fourth on the 26th May 1862 ;
and the whole of the first section to the River Una was finally
opened in November 1862. ,

The best evidence that the working arrangements have been
well carried out is, that during the five years the line has been in
operation there has not been an accident to a passenger. The
want of any railway experience on the part of the officials con-
nected with the traffic, who, excepting the traffic-manager, are all
natives, threw a much greater amount of duty and responsibility
on the locomotive superintendent and the engine-drivers than is
usual in this country. The line was opehed as a single way
without a station-master, or a native official who could give a
correct signal, so that the engine-drivers were obliged ta judge for
themselves; each acted every journey under written instructions
from the locomotive superintendent, in whom was vested the sole
authority to regulate the motions of the trains. The same plan
was ado(i)ted on parts of the line under construction, and has been
attended with perfect success, even when five engines have been
at work at the same time on a length of 20 miles of single line.

The maintenance of the permanent way has been carried on by
native labourers,—a gang of six of whom, under a Brazilian, or a
Portuguese ganger, takes charge of three-quarters of a league, or
nearly three English miles ; the whole being under the inspection
of IEnglish foremen, each of whom takes a district of about 20
miles.

The labour question is one of the most vital importance to the
future of Brazil; for upon it will depend not alone the conditions
on which Public Works can be executed, but however favourably
they may be carried out, their ultimate success is contingent on
the extension of trade and agriculture, which again are absolutely
dependent on the supply ofaﬁ: requisite amount of labour  Agri-
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cultural operations have heretofore been conducted exclusively by
slaves, as has also, mainly, the work of porters and lightermen
about the ships, and the harbour and warehouses of Recife, where
the absence of all mechanical appliances renders these operations of
more relative importance than in England. The laws, however,
against the further importation of slaves having been strictly en-
forced for some years past, the number has gradually decreased, and
as the concessions for the prosecution of public works now prohibit
the employment of slaves, that class ofp labour may be excluded
from further consideration in this Paper. Liberal concessions
have been granted, from time to time, ;{’ey the Brazilian Govern-
ment, for the promotion of colonisation, but with no commensurate
success ;—one or two unimportant German colonies being the only
result. Attempts have been made to introduce coolies, and lately
to import a large body of Germans for one of the public works of
Pernambuco, which has resulted in a most signal failure. No posi-
tive conclusions can be drawn from these endeavours, as it is well
understood that in the former instance failure arose from the
business beinﬁ transacted in too speculative a spirit, and jn the
latter from the want of the exercise of proper judgment in the
selection of the men. Portuguese, and men from the western
isles sup to have been colonists from Portugal, succeed very
well in Pernambuco. There- are a few instances of Frenchmen
and Piedmontese standing the climate better than Englishmen,—
but all that can be reasonably obtained would not more than
suffice for foremen and leading men for the public works of the
province, leaving the main labour to be performed by the natives.
Experience has proved that, both in the province of Pernambuco
and in the adjoining provinces, there is an ample supply of manual
labour for any public works, or extension of agricultural operations
at present probable. Although men are to be found in the
country, as they can easily maintain themselves, in their simple
way of living, without work, they must first be persuaded, not only
that it is to their advantage to work, but to leave their homes and
families and to walk 200 or 300 miles to obtain employnient.
Then the native Brazilians are naturally a proud race; and as here-
tofore work has only been done by slaves, the free man considers it
¢ infra dig.’ to be on terms of -equality with them in this respect.
Even when these difficulties have been overcome, the native Bra-
zilians must be treated with such consideration, that it requires
more tact, temper, and discretion, than are ordinarily to be found
in an English ganger, or foreman, to keep them on the work.
No consideration, whatever, pecuniary or otherwise, will prevent
them from returning home, when the season arrives for looking after
their little crops. ll%‘his however generally happens about the rainy
season, when their presence is less required on public works; and
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if treated kindly, and any hopes are held out of their being em-
loyed again, they will almost invariably return to the work. It is
ut right to say, that the consideration and courtesy the native
workmen expect to receive from an Englishman, they pay to one
another ; and it is ridiculous to hear them in argument, and occa-
sionally to find them in writing, addressing each other as ¢ Illus-
trissimo Senhor.” A gang of native labourers, on their first arrival
from the interior, is always accompanied by a ¢ Cabo,’ or keeper,
who receives double their pay, and without whom they will not
work. His duty is nominally to superintend the work, but in
reality he sits listlessly by, smoking a cigar, and however irregular
the workmen, the Cabo indignantly resents any interference, or
remonstrance. For a long time all attempts to alter this system
were vain; but the introduction of piece-work is gradually bring-
ing about a better order of things. The only work that the native
workmen is accustomed to is ditching, and the only tool is the hoe,
with which he digs and serapes the earth into a Kank at the side.
Specimens of this work may be found, in the boundary fences of
the Engenhos in the interior, that for line and uniformity of slope
could not be surpassed anywhere. This work costs on the
average about 6d. or 7d. per cubic yard. The ditch varies from
6 to 10 feet wide, and 4 to 5 feet deep. The first lesson is to
induce a native to give up the hoe, and take to the pick and
shovel. 'Their want of order and discipline prevents them from
working a barrow road proglerly, and they dread the operation of
tipping a wa.gqon; but a light hand-cart t{tey work very well, and
fill a set of ballast waggons in much less time than might be ex-
ted, but they will not continue their exertions. Four men will,
in light dirt, excavate and fill a set of five-yard waggons in twenty-
five, or thirty minutes, and on certain occasions they bave been
known to do it in twenty minutes. Their delight is then to run out
with the waggons and engine to discharge the load, when they will
jump about the waggons, and shout like madmen, or boys wild with
excitement. It is scarcely possible to conceive a ter contrast
tharf the present mode of .working offers to the only one formerly
adopted by the natives. An engine with twenty trucks carryin
100 cubic yards of dirt, or ballast, and eighty, or one hundreg
labourers will now run 2 or 3 miles and back again, in less time
than they would, formerly, if left to themselves, have loaded about
a barrow full of dirt on a distended ox-skin, and have drawn it by
two oxen from 200 to 300 yards. Tilling waggons, as above, costs
9d. to 103d. per cubic yard, exclusive of road-laying and repairs.
Men’s wages vary from 3s. to 3s. 9d. per day, the latter pay
being for picked men in all cases. 4
Although the difficulties are great in getting the native labourer
into order, temper and perseverance will overcome these with time ;
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- but with the native artisan the difficulties are greater still, as there
are even in the principal towns, scarcely sufficient mechanics for
the ordi work, so that they are even more independent than the
common lahourer, and are infinitely more conceited and wedded to
their own ways. It becomes, therefore, almost indispensable, that
works of art should be ezecuted by foreiﬁt‘lers, with such assist-
ance from the natives as can be obtaned. The native country car-
penter is not available, except with the assistance, and under the
immediate inspection, of Europeans. He has but one tool, the
incho, or hand adze, and with this he will, if left to himself, hew a

iece of timber, 14 inches by 8 inches, to get a scantling of 6 inches

y 43 inches, rather than use the saw. When he does use the saw,
he requires, even for common work, the aid of another man, who
catching hold of the point of the saw with his fingers, helps the
down cut. He can make a Brazilian roof, or rough door and
shutter, (there are no windows in the interior); but he is entirely
ignorant of staging, scaffolding, pile driving, or waggon building,
and not having the slightest idea of square, or line, all his work must
be set out. For such duty as the native carpenter can perform, he
is paid from 4s. 6d. to 5s. 9d. perday. The bricklayer is also the
mason, the plasterer, and the tiler, and of such men as are avail-
able for public works in the province, the same remark holds good
as for the carpenters. They bave not the remotest idea of bond,
line, or level, and not only has the work to be set out, but some-
times two English workmen, one at each quoin, can scarcely keep
the native workmen right between them. In consequence of the
action of the atmosphere on the native bricks, it is usual to plaster
all exposed work ; and of this, as well as of the plastering of the
interior of the houses, the native mason makes very tolerable work.
He is also very handy in placing the native tiles, and at both these
operations may be trusted by himself, with ordinary instruction and
supervision. Brickwork and masonry cost, for labour only, from
9s. to 14s. per cubic yard, according to the thickness and the
height. The wages vary from 4s. 3d. to 6s. 6d. per day. Native
smiths have turned out better than any other mechanics; their
wages vary from 5s. 6d. to 6a. 9d. per day. Fitters who can be
trusted with engine repairs are not to be found, and, at present,
have been difficult to be formed. All the waggon building, and
the repairs, both of waggons and carriages, are executed b
Europeans. Native painters are very scarce, and decidedly bad,
with wages varying from 4s. 6d. to 9s. per dafy.

From this description of the capabilities of the native workmen,
it will be readily understood, that foreigners must be imported for.
all the higher orders of work. It may be remarked, that Brazil
supplies an immense number of young gentlemen of good family,
and of good Brazilian education, who, in the absence of any other

[1862-1863. N.s.] 2o
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occupation, are anxious to get employment on public works; but
although all are convinced that they know everything necessary to
become ¢ administrators,’ or ¢superintendents,’ they are found, on
examination, to be wanting in all the essential requisites. As
numerous applications for employment were receirvee%, advertise-
ments were inserted in the newspapers, offering an engagement to
any applicant who could draw, level, survey, speak or write English,
keep accounts, or who had any previous experience on public
works. During six years, there were not six applicants who could
fairly comply with either of the terms of the requisition. As
a consequence, all the foremen and most of the interpreters are
English, as are also the engine-drivers, fitters, waggon-builders,
painters, miners, platelayers, founders, horse-drivers, watchmen,
and storekeepers. These are generally engaged for a term of
ears, at wages varying from £I2 to £20 a month, their

ing paid out; they are also supported whilst sick, and sent home
free if invalided.

As a rule, the native carpenter depends on his ¢incho’ for all
work ; but in and about the larger towns, sawyers are to be found,
whose tools and mode of work are most amusing. Instead of the
easy swing of the English sawyer, they jerk their little frame-saws
up and down, with a good rest at the top and the bottom of the
stroke. The result is very unsatisfactory ; as the work comes from
the saw rough, irregular, and winding, involving much labour before
it can be brought into shape. Their wages are very high, and
their habits uncertain, so that when there is a saw bench within
10 m‘iiles, their services on public works are not likely to be re-
quired.

The native Brazilian boys can swim and dive almost before they
can walk, and amongst the men are everywhere to be found divers
whose services may be made available in examining foundations
and works under water. The rapidity with which they recover an
small tool, bolt, or washer that has been dropped into the water is
astonishing.

Pernambuco produces, in common with most of the provinces of
Brazil, very superior timber, and of infinite variety ; but as twenty
trees may have to be cut down, and cleared away, before the one
wanted can be obtained, and as there is a complete absence of roads,
and of all ordinary means of transport, foreign timber is cheaper than
native, at the sea-ports, and at :Wplaees at any distance from the
forests. Again, the difficulty of transport leads to reduction in the
length, and diminution in the scantling of native timber. At the
same time the hardness of four-fifths of the native timber renders it
difficult to work ; whereas pitch pine, which is not subject to the
attacks of the white ant, may be got from the United States, in any
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length, or scantling at a less price, and may be wrought with much
greater facility. In the interior the use of native timber is com-
pulsory, and there it can be obtained of quality and of any
scantling ; but for particular qualities, such as large scantlings, or
great lengths, the price rises. The most serviceable and most rea-
sonable sizes are from 6 inches to 9 inches square, and from 25 feet
to 40 feet long. These may be delivered at from 1s. to 1a. 6d. per
foot, and if 10 inches, or 11 inches square, at from ls. 6d. to 2s.
per foot, whilst round timber, up to 10 inches diamneter, costs about
6d. per foot. Accompanyi is Paper are samples of upwards
g‘f one hundred kinds of titl:ﬁ)er, most oft"h::ich would belzvz:.iila?le

r tem urposes, but not more a score would do for
any perll):ar:g)f work. According to the best local authorities,
Magaranduba (red), and Sapucaia (light red), are both very good
woods, resisting the attacks of white ants, as well as the effects of
wind, or water; Barubit (purple, hard) also possesses the same
%Jualities. Sapucairano is lighter and not so good, but both it and

angabevia de viado resist the white ant.

The mode of felling and dressing timber for the market is
peculiar. In consequence of the difficulties of transport, the logs
of timber are seldom rendered of a greater le than from
25 feet to 30 feet. The greater part, indeed, of the timber that
is brought to the capital is considerably less, and is generally hewn
out of the round to a scantling of from 12 inches by 6 inches to
16 inches by 8 inches, except at one end, where a bit is left on to
which the rope is made fast, after being passed through a hole in
the end of the timber; the use of timber hitches, or timber dogs,
being quite unknown to the natives. Mr. Mansfield, one of the
most intelligent writers on Brazil, referring to the enormous field
open for mercantile speculation, proposes to construct rafts of
timber, forgetting that nine out of ten of the species of woods will
not float. The small quantities of durable timber now brought
down the rivers, from the interior, can only be sent when the
rivers are surcharged by the winter floods, and they are lashed to
the jangada, or raft wood, previously referred to, to render the
logs sufficiently buoyant. .

There are {)esides numbers of woods valuable for giyemg pur-
poses, and for furniture, The Padé & Arco, besides being a useful
timber for construction, forms one of the most attractive features
of the Brazilian forests. There arc several varieties, genera:lly
larger than the English elm, the place of leaves being supplied
by bright beautiful - blossoms, one kind being pink, another
yellow, and a third violet. There is another tree the peculiarity
of whose butt led the Author to send a sample to this country to
accompany this Paper. One of this kind was measured giving a
spread to the foot of 12 feet, and a height to the c;rcul;r trunk of

: D



404 PUBLIC WORKS IN PERNAMBUCO.

20 feet, whence it ran up with very little taper and straight for a
length of 70 feet without a branch, and then threw out its
branches, showing a beautiful head about 30 feet higher.

There are but few varieties of native stone, and these are so
difficult to obtain and to work, that Europe has heretofore supplied
Recife with what is required. Thus from Lisbon is sent nearly all
the ashlar dressings used in the public buildings, and in the gest-
finished private houses. The sandstone of the reef is not in general
suﬂicient?y durable for building purposes, even if it were not
served by the authorities for tie protection of the harbour. e
island of St. Aleixo, on the coast to the southward of Recife, pro-
duces trap rock, and this has occasionally been brought up by
small coasters to Recife. The same rock appears inland, adjoinin
the railway at Ilha, where a quarry has been opened and work
successfully. This stone was used for the tunnel fronts. Granite
is to be found everywhere, and of every degree of hardness: in
some few instances it has been found ible to make tolerable
coursed work of it. The absence of limestone proper has been
suﬁplied by the use of coral, obtained from the reef on the coast.
This is burnt for lime for building pur whilst shells from the
beach, or oyster shells,! are used as a flux in the foundries.

The native bricks are of the rudest description, and are used in
all stages, from the simply sun-dried to that of sound kiln-
burnt ; but so little pains are taken with the burning, that onl
about one-half those ordinarily sold are available for any worz
subject to much pressure, and even with the best the action of the
atmosphere renders it necessary to plaster the whole surface ex-
gosed. When this is not done, the bricks moulder away, like badly-

urnt bricks in England after a frost, leaving the mortar joints
standing as a bead. 'The bricks are made by placing a couple of
moulds, 12 inches by 6 inches by 2 inches, on the sanded floor of
the brick shed, into each of which is thrown a lump of clay, trodden
in by a boy. The surplus clay is then struck off, the mould re-
moved, and the brick ;rlowed to remain on the floor for a day, or
two, when it is placed in stack ready for burning. When the
railway works were commenced, an attempt was made to introduce
the ordinary system of English brick-making ; but although success-
ful in a few instances the result on the whole was not satisfactory.
A brick machine, by Messrs. Bradley and Craven, was subse-
quently sent out. It answered capitally, and turned out some first-
rate. bricks, upon which neither the weather, nor the atmosphere
has produced any effect. From the general character of the build-

m% and the country, paving bricks are greatly used in Brazil.
he Brazilian, or Portuguese, tile is almost invariably used for

! Oysters are found attached to the trees, on the river banks.
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covering roofs, and altheugh attempts have been made to intro-
duce corrugated iron and other materials for roofing, nothing is so

, where ventilation is so important, as the ordinary tile of
the oounh?'; and as a rule, those who live with a tile over their
heads dwell in a pleasanter atmosphere than the few who reside in
rooms with ceilings. The place of the ordinary rafters for English
roofing is supplied by what is called a ¢ caibro.’ This is a straight
stick of timber, forming the underwood of the native forest. These
sticks are generally straight, and run to a height of from 30 to 40
feet, from 3 inches to 4 inches diameter. The lath is supplied by
what is called the ‘ripas,’ which is reft off the outer part, or what
is really the sapwoor:i' one of the native trees, and is called
‘emberiba’ .

In addition to the building materials already alluded to, the
country produces, for some miles round Pernambuco, and amongst
the vaﬁ'e s and river beds, sand, which is available for ballast ; but
no gmvef is to be found in that part of the province traversed by
the railway.

The materials required to be imported into Brazil for the con-
struction and carrying on of public works are iron for rails, chairs,
bridges, rolling stock, and repairs; steel, coke, and coal; glass,
oil, turpentine, tallow, tools, doors, windows and general stores.

Reference has been made in the early part of this Paper to the
want of all statistics in the province, a.nX to the difficulty of obtain-
ing information. The Author thinks it right, therefore, to say he
i indebted for the data as to the harbour, roads, &c. about Recife,
to Mr. W. Martineau (M. Inst. C.E.), Government Engineer and
Director of the Public Works of the Province. Those relating to
the railway have been supplied by Mr. John Whitfield, the repre-
sentative in Brazil of the Engineer-in-chief, during his absence,
Mr. James Fforde, the Resident Engineer, and Mr. G. O. Mann,
the Locomotive Superintendent.

In Appendix A. will be found a list of the standard dimensions
of the Recife and Sao Francisco Railway, and of the principal
structures upon it, of many of which, as well as of the rolling stock,
drawings and photographs are exhibited.

Appendix B. contains a table of the wages of the different classes
of labourers and artizans.

Appendix C. gives the prices of materials, and of the cost of vari-
ous kinds of work and of transport; whilst a numerous collection of
samples of building materials and geological specimens is shown.

Appendix D. shows the actual cost, per mile per annum, of the
maintenance of the way and works of the Bem} e and Sao Fran-

cisco Railway, on an ave of four years,
Y e y [ApPENDIX
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APPENDIX (A.)

Some trouble has been taken to seoure uniformity of dimensions -throughout the
Baec"l,f::l u:d Sio Francisco Railway, and the following general results have been
am’ at i—

Ft. In.
Gaugeofline . . . . . . 5 8
Middle space 7 6
Cuttings (viz., formation width 16 ft. + 2. + 2t dmns) 20 0
Ditto in rock . C e e e 10 0
Emnmhankments, formahon width .. e e e e . 1600
Ditto, above thefloodlevel . . . . . . . . . 1 6
Bridges, minimum headway . . . . . . . . . 14 6
Ditto ditto width P 1]
Tunnel, minimum headway P
Ditto ditto width . . . . . . . . . .16 0
Station platforms,aboversils . . . . . . . . . 2 8
Ditto, clearance fromditto . . . . . . . . . . 2 9

CARRIAGES AND WAGGONS.
All the wheels and axles are uniform, the ing provided with buffers
and spring drawbar, and the tyres of the wheels being of Low Moor iron.

Ft. In
Diameter of wheels . . c e 3 6
Duunoeﬁumoemtoemtmofwteeh P I [}
Length of axles to centre of jonmala P G ¥ |
Length of journals . . e v v e e e . . 0 8
Diameter ofjournals . . . . . . . . . . . 0 8%
Height of bufftrs . . . . 8 4
Distance between the centres of the buﬁcrs . .. . . 4 6
Carriage, width of roof . . . . e .. 12 00
Ditto ditto body -
Ditto ditto  steps . e e e+« « . . 10 6
Turntable for engine md tendar C e e e e e . . 42 00
Ditto for carriages . . P

LOCOMOTIVE ENGINES,

. Io
Diametfer of oylinder . . . . . . . . . ., . 0 14
Length of stroke . O | 1
Diameter of coupled wheels e e ... 5 6
Ditto of leading ditto . 4 0
Distance between the coupled wheels 75
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APPENDIX (B.)

TABLE OF WAGES,

Native labour, before the railway works bem
" shortly after ditto
" when the works were in active
progress .
at preaent. and for the paat year
Nttlve, or Portuguese Gan, ei‘:e .
” » pars and clerks
” ” . .
» ” Woodamen .
” " Bricklayers and masons .
” ” Smiths o« s .
» »” Strikers s s s e e
" " Fitters . . . .
” ”» Turpers . . . .
Painters .
Fmghsh Seilors . . . .
» Foremen . ., .

Ehgliah workmen am usually engnged

T

”

O O OCOARLIVMmW © wegy,
3

- ——
W O RV BED D W lg.-’

bd

DD © PRNRADOW ® Wi

&

QW © VOOIROCOO ® oW

407

per day.

forthmee years, at a salary rising each

ing d home on the ex; irahon of their engagements, or if
mvnhded xt pe noJ'" P

‘Watchmen, stable-kee;

Bmlths,

ters, bricklayers, and masons
layers, and engine-drivers

. £12 to £14
. £14 to £16

APPENDIX (C.)
PRICES OF MATERIALS.

NATIVE.

£.

Txmber dehvered at t.he worksbopa on the} per cubio foot. 0

Gubme

Bough logs. for sleepers, not sawn. 9 feet}
long and 12 inches dlameber .

Bricks, hand-made

each.
100.

each.
. . . per1000.

Dxttomad\me-mde "

es
Lime . .

Building stone, exclusive of
Iron awtmgs at the fou.ndry. in Beonfe

Pitch pine, from the Umted Stafm
g:ldtlc yellow deals . . . »

oil,

ra
’l‘ttllowpe .
Turpentine
Waste. .

Dltto, e s e e e "
Td .‘n{mﬁmonly : : : . : ”»

FOREIGN.

. . . . . . . .

per alqueme

. . per cubio yard,
per cwt.

per cubic foot.

~MoORWoIN® © ©O

coNvmowmool

cwhmOSHoLs

POHCPOOD B OO = o

’

womowoonw

COHWOOOOO W 0w w R

”
”

Moo wwk © oo o it

b

G’Ib&OOb

and horse-drivers . £ 8 to £10 per month.

btk
COO OO W OO w

oLwN™

bl

-

COHMOS OO0 © O ©

coocwo™
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COST OF WORK.

£.8d £ o d

Esrthwork,dxtnhelu;d _r . percubioya:d.g g g to 8 011
”» geﬂ.mg ﬂllmgmggons . ”» " 011

» 1n foundations . « . " 0 011, 01 1}

" if run 50 yards . 01 14, 01 4

" mck excluaive of powder a.nd} 069 09 0
Bnckworkmhec abﬁ\:)hhel;tss i " 010 0, 011 O

in w m mceo to

" 2 foet 6 inches thick . . } " ounm o, 0136
Masonry in sbutments . ... " 090, 0100
" mwalll.zfeetthiok. e " 010 0 ,, 013 6

OOST OF TRANSPORT.

Four bullocks and man and boy, from the : . ’
workshops to the wood abozt 2 miles } per @rip. 0 11
Bullock-cart, with three pairs of oxem,

ton per
ing from 15 to 20 owt, per tun pery 5 5 ¢
about 10 miles perday . . 'gomg mile, }
g;ﬂc}‘o(l:lks for draught pu&rgoses lbs. perday. 0 9 0 to 012 O
-horses, carrying from 256 to)
&mlbsbe}m soft . . . 105“369"080
wing tim or 8o .« « . per cet. + 6
Loading, unloadmg, and shop expenses . " 0 4 6} total0 9 0
Building covered goods-waggon, complete o 2210 0
Suwing ltlim}xr for goods-waggon, pa.\nt- 115 0
ing, wheel ot
Labour in ma.hng barrows, eomplete . each, 069
Permanent way, cost of laying . . perlinealyard, 0 1 9 to 0 2 3
" lifting, b°f’"§' ""'81“"'} . 010, 018
Iaymgpombmdaoungs e e e .. 800 , 1 00

APPENDIX (D)

Cowur of the MAINTENANGE of the WaY and Worgs of the REcire and 840 Frax-
c18c0 RArLwAY, per mile, per annum, on an avcrage of Kour Years,

£ s d
rmanent way, ht’tm , packing, &c., per mile per aunum 158 10 1
Burl:lst.nnngeumhaeeo : gpt: .n,, pe" P » 151
Repairs of bndgea culverts, bunnel, &. . . " 0 710
" stations and appurtenances . . . " " 12 711

» signals and waterworks . . . . " " 0 0 3}

» gotes, funces, and ditches . . . ” " 519 3%

Salaries of engmeers. nnd mspectors. thh oﬁce

expenses . . " ” 8912 0

Total average cost per mile per annum . . £218 8 4

[Mr. PENISTON
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Mr. PENISTON said, he was glad to avail himself of the oppor-
tunity that was afforded him of collecting a few facts for the infor-
mation of the Institution. Although physically unable to take

in the discussion himself, furtunateYy those who had assisted
1n the collection of the facts were present, as were also the repre-
sentatives of several large establishments connected with works in
Brazil, who were well (lualiﬁed to take part in any discussion that
might arise. He should also be happy to supply any further par-
ticulars which it might be in his power to do.

Mr. E. DE MORNAY, as one of the Concessionaires of the Per-

nambuco (Recife and Sao Francisco) Railway, would avail himself
of this opportunity to state, although he had not then with him the
details of the survey, so as to enaile him to give the exact length
of the lines to which the estimates referred, that the line estimated
by Mr. Borthwick was divided into four sections, and that the
estimate of the concessionaires related to the first three sections
only. The concessionaires considered, a railway might be made
in Brazil upon the American principle, involving only a moderate
outlay, with immense advantage to that country ; and although it
bad not been carried out upon that principle, he wished to ex-
plain why they had advocated that view. In the first place a
return of 7 per cent. was, during construction, to be secured to the
shareholders ; and it was thought as that guarantee of interest
was made good at the expense of the shareholders’ capital, it would
be of great advantage that the line should be cheapli'l constructed,
and that the works should be completed within the shortest period
of time. Instead of that the line had been many years under
construction : and it was for those who were more able to do so
than himself, to caleulate how far the capital subscribed for the
railway ought to be expended in the payment of interest to the
shareholders. Under tgeose circumstances it was considered im-
f)ortant by }hehmad ot ionaires, that theh line l:l;ould be made at ]a
ow cost. It wa aplpenmd to him, that an expensive rail-
way in a coun likeg-az: would be a calamity rather than a
benefit ; and in his opinion the only lines that could return a fair
interest to the shareEolders, and conduce to an extension of the
railway system in Brazil, would be those which were constructed at
a moderate amount of expenditure.

Mr. C. B. LANE said, 5o many topics had been referred to in the
Paper, that it was difficult to upon them without previous
consideration. He would, however, in the first place allude
to the question of the employment of native timber. When
he first went to Brazil, about ten years ago, as the Government -
Engineer, he made a point of studying carefully the various
building materials of the country; and the conclusion he arrived
at, after two, or three years, was, that if railways were to be con-
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structed in that country, upon the alleged economical principle of
using the native timber, asp(;t was found, it would be bep:lter 121;: to
make them at all. Timber el‘lil})loyed in railway bridges and
in viaducts was destroyed so rapidly, in that inter-tropical climate,
that their maintenance and renewal would more than eat up the
receipts which should go to diminish the onus of the Government
tees. Although he fully agreed in the advantages of
reducing the first cost, yet economy was a relative term. ‘The first
railway 1n Brazil was opened in 1854. It was a short line, leading
from in the Bay of Rio de Janeiro, to the foot of the great
‘Serra’ of Petropolis. It passed for a considerable part of its
length over a low muddy swamp, full of mangroves—a most unin-
teresting spot, the ouly thing to enliven the scene being an occa-
sional alligator. Various water-courses were crossed, for which
timber was employed ; the best timber no doubt available, at that
time, baving geen selected for the purpose. About two years
after that line had been opened, be inspected the water-passages
and bridges : for after that short time it bad become to
rebuild them with other materials. He could not more graphic-
ally describe the condition of the timber, than by stating that in
one case upon giving a transom under the railway a moderate
kick, his foot was buried in it up to the instep. With the timber
in that condition, after two, or three years, it was manifestly better
not to make railways than to use such materials in their con-
struction. He did not doubt, that in Brazil there was a great
abundance of valuable timber: but as yet there were no certain
means of getting at that timber, or being sure of its quality and
properties when it was obtained. There was also abundance of
old, copper, and other valuable minerals in that country; but
e time not yet arrived when they could be made available.
It was the same with regard to the ti . It would be cheaper
to send from Brazil to Liverpool for a stick of timber, even though
it was first imported from America to Liverpool, than to cut one
in Brazil half a dozen miles from where it was required to be
used. ﬁl:rthetimberhehadseenilllBrazi]——thouhgoodao;
many o purposes—was inapplicable for railway sleepers ;
quick-growing woods being toopl:‘erishable, and the hard woods
too brittle. ere was a specimen of timber upon the table which
felt like a piece of porcelain, and yet after five years' immersion
in the waters of Rio Bay it was completely riddled by the teredo.
It was totally unfit for railway eleepers, being too britle. On an
inspection he made of the Pernambuco Railway, three years ago, he
found that the wear and tear of the imported creosoted sleepers on
the first section had not amounted to more than about 1 per cent.
during the two years that the line had then been open for traffic.
He could not state exactly the amount of depreciation of the



PUBLIC WORKS IN PERNAMBUCO. 411

sleepers of native wood laid on other sections of that line; but
from what he saw be had no doubt it would turn out to be equal to
that which was stated in a Paper by Mr. M‘Master' read before
the Institution a short time ago, to have occurred from using
native timber on the Madras Railway,—that was, to 33 per cent.
in the first year, or two. This in the matter of sleepers was a
very heavy item in the maintenance of a railway of small traffic.
On the Bahia Railway it was stipulated in the concession that only
native timber should be employed: but very soon after the works
were commenced, it was found 1mpossible to procure suitable native
timber for aleepers: upon which the Engineer, Mr. Vignoles (M. Inst.
C.E.), and the Company petitioned the Government to have that par-
ticular clause of the concession altered : and under his (Mr. Lane’s)
advice it was altered, and crecsoted North of Europe timber was
substituted. He had given that advice in the full belief, that there
was great difficulty in finding proper native timber, and also that
the creosoted timber offered as a substitute was a verly superior
material. In advocating his views relating to the employment of
other material than native timber in bridges and viaducts, he had
encountered much opposition from parties interested in the execu-
tion of some of the Y::mes of railway; but he had ultimately suc-
ceded in having the correctness of these views duly recognized,
and the rule now was, that all such railway structures should be
constructed of “stone, brick, or iron, singly or combined.”
Greaves’ “pot’ sleeper bad been introduced on about 10 miles of
the Pernambuco line. It was also used on the Mauas Railway,
and was being emﬁ»logeed by Mr. Brunlees (M. Inst. C.E.) on the
San Paulo line. He believed it would be found to answer well in
Brazil, India, and in other inter-tropical countries, with the present
amount of traffic; but he felt convinced that if the time ever came
when such beavy trains were run and at such high velocities as
prevailed in England, the iron ‘pot’ sleeper would have to be
relinquished, as it was too rigid for high velocities.

The labour question was no doubt a very important one. As
far as his own experience went, he thought, under the best cir-
cumstances, it would be found that the labour of Europeans in an
inter-tropical climate was very nearly that determined many years
ago by the well-known French philosopher and El‘ﬁﬂl&l’ officer
Coulomb, who in employing French Sappers and Miners in the
Island of Martinique, wi:ere the thermometer was seldom below
77°, and similar troops in France, stated the efficiency of their
* labour to be less than one balf in the tropical climate : and in the
inter-tropical portions of Brazil with which he was acquainted, the
thermometer was seldom below 77° during the day.

1 Vide ante, page 2341,
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With regard to the mason work, his own experience (which
was chiefly at Rio de Janeiro) differed from that of Mr. Peniston.
In employing Portuguese, as masons, the work was done extremely
well, and he had rarely seen men work a quoin more truly ; bat
they were slow as compared with English workmen, in England.
The worked stone brought from Lisbon, referred to by Mr. Penis-
ton, must he thought be only that for ornamental , because
the neighbourhood of Lisbon supplied beautiful le which was
not found in Brazil

Mr. James T. WooD remarked, that the engineering of
the subject had been o fully discussed in the P t he
would not further touch upon it. He would thercfore direct atten-
tion to & few circumstances, which five, or six years hence would be
more interesting than they were at the present moment :—that
was to the development of the traffic of a couatry where land was
of small value, and where labour was scarce—to trace what would
be the result in a few years of increased facilities of transit
throughout the oountru{. ne great result he thought would be, the
bringing of the population and the clm.n?ing of estates, to locali-
ties in the immediate vicinity of the railways, in consequence of
the proprietors of slave labour migrating, and clearing the lands
adjoming the line, in the same way as ie borders of navigable
rivers, in all parts of the world, had been selected for cultivation.
When he was in Brazil he took a journey of above 70 miles from
the coast. He there met a most intelligent man, the schoolmaster
of the district, who gave a history of the large number of farms
and estates that had been brought into cultivation, by cutting
down the trees in the neighbourhood of the line, and in anticipation
of the present terminal station. He thought that five, or six years
hence, if the statistics could be obmine(f they would be of great
interest, as showing the movement of the population towards the
localities where improved means of communication were provided.

Another point, which was a most material one, was that which
had reference to labour. As far as his experience went, a labourer
who could read and write was very scarce in the Province of Per- -
nambuco. During the period of slavery there, certain acts of
labour were performed solely by slaves, even down to the carrying
of a parcel ; and the main ‘distinction between the people was
thuse who were slaves, and those who were not, the latter being too
proud to do slave work. The railway was consequently deprived
of the useful class of men from which the porters in this country
was obtained. During the last twenty years that feeling had
been going out, and in the course of time 1t might be possible to
find intelligent men amongst the labouring classes of the country,
who could read and write, and whose services would be of the
greatest value to the country. It was his opinion, that the
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gradual extension.of the line, say at the rate of 20 miles a year,
might be executed. But it was of importance that the surveys
and the exact direction of the extension should be judiciously
and accurately prearranged, so as to give time and opportunity for
the adjoining land to be brought into cultivation, during the pro-
of the railway works. 'llfe also considered there was ample
eld for branch feeders to be made; but as the traffic on these
branches could not pay any company an adequate return for the
capital eernded, they should be made at the expense of the pro-
prietors whose estates would be benefited. He was happy to ll;ear
testimony to the excessive kindness and hospitality to Europeans,
which prevailed all over the country.

Mr. E. B. WEBB said, about three years ago, he had the honour
of reading a Paper before the Institution, “ On the Means of
Communication in the Empire of Brazil,”* and he referred, in that
Paper, particularly to the use of timber, and to the cost of labour
upon the works. Since that time professional engagements had
caused him to revisit South America. He had traversed the
greater part of the eastern coast of that continent, and had visited
all the railways which were in course of construction. The opi-
nions he expressed three years ago in reference to Brazilian public
works had been confirmed. He had an opportunity of inspect-
ing timber structures, which, when he left }g’orazil, in 1858, were
apparently in a sound condition, and be found them, last year, in
ruins. The specimen of timber laid on the table by Mr. Lane,
was a portion of a pile driven under his direction in the Bay of
Rio de Janeiro, in 1854. That piece of timber was removed
about the year 1858. It was a fair sample of the material in a
pier of some itude; and the destruction caused by the
‘ teredo’ was com iete. He had no hesitation in saying, that all
timber, taken in large quantities from the forests of Brazil, and
driven in the littoral waters of that country, would, in a short time,
be reduced to a similar condition.

With reference to sleepers of native timber, he was of opinion
that, on the ground of economy and convenience, their use was
most imprudent ; because scarcely any timber, that could be ob-
tained in sufficient quantity, size and condition, would endure the
wear and tear of the climate much longer than two years. The
loss and annoyance resulting from an early decay of slqefers, would
be felt by the Companies and not by the contractors. ' [n the Bra-
zilian forests there were countless varieties of timber, and speci-
mens might be produced by the hundred; but the difficulty of

selecting, collecting and transporting to the works a sufficient

supply of durable timber, could only be correctly estimated after

! Vide Minutes >f Proceedings Inst. C.E, vol. xix,, p. 240.
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an experience in the counﬂ itself. The forests of Brazil, unlike
pine forests, never presented a number of trees of the same descrip-
tion in one spot ; and serviceable timber was very limited. It was
frequently necessary to make a selection of one tree only in the
midst of several hundreds of no value whatever. In fact an Engi-
neer, standing in the magnificent primeval forests of Brazil, might
paraphrase the words of the Ancient Mariner, and exclaim—
“ Timber, timber everywhere,
And not a stick 0 use!”

When visiting the Brazilian railways last year, he was sorry to
find that native timber was being largely used as sleepers. He
saw, for instance, on the San Paulo RBI]W:X, large piles of native
timber sleepers. These sleepers were made up of many varieties
of timber, more or less durable ; they were of irregular scantling,
and being exposed to the sun and weather, they were splitting
freely. He believed that the greater part of those sleepers, after
being down for two years, would be found to be decayed; and
long before the lapse of two years the spikes would become
loosened, on account of the tendency of the timber to split. The
result of his experience, in the use of timber in Brazilian soil, made
him regard its employment as something like putting  ashes to
ashes.” He knew of no instance of any attempt to creosote the
native timber, which, when worth anything at all, was hard, and
had a tendency to split. On the same railway timber telegratﬁh
B)sts were being erected. Now he knew for a fact, that on the

om Pedro Segundo Railway (Rio de Janeiro) three several sets
of timber telegraph posts had been put up ; and the Company, after
having incurred very great expense and annoyance, were mow
erecting posts of iron, notwithstanding that their line
through some of the most magnificent forests on the face of the
globe. Considerable experience induced him to draw the general
conclusion, that the use of native timber sleepers in such
countries as Brazil, was very unadvisable, first on account of the
difficulty in selection, and secondly on account of the trouble
and expense in keeping the permanent way in a proper state of
repair. In such countries, for years to.come, high velocities would
not be required ; and with moderate speeds iron sleepers were safe
and economical, and they might be considered as indestructible.

Mr. F. W. SmeiwLps said, four, or five years ago he went to
Brazil to lay out works of some magnitude. At that time he in-
spected the works on the Pernambuco Railway, with the view of
applying the experience gained upon that line, to a railway at

hia, then about to be commenced. The conclusion he came to
was, that all works of art in Bragzil ‘would be more safely
estimated and more satisfactorily carried out, upon the supposi-
tion that the materials should be designed and be prepared in
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England, in sach a manner that they could be put together, with
the least trouble and labour, after their arrival in Brazil. He was
led to this conclusion, not only on account of the perishable nature
of the timber, and the generally inferior quality of the masonry,
but also because, in a hot climate, little reliance could be compara-
tively placed upon the labour of even the English workmen sent
out there, as their nervous system was generally debilitated by
the effects of the climate. It was therefore far safer, as a general
rule, to design works of art, in the simplest form, with English
materials and have them erected in the country, no matter in what
part it might be. He might add, that in the course of his explora-
tions, he examined some rude bridges which had been erected
about three years, and on breaking the surface of the timber,
which he could easily do with his foot, he found the interior of
the timber filled with white ants. This satisfied him that the use
of native timber was generally to be avoided in permanent works.
With regard to iron work, it appeared to him, that the use of cor-
iron, so much employed here for roofing, would in a
country like Brazil be a great mistake. The native tiles laid upon
the rs, with no ceiling underneath, formed the best kind of
roofing for that country, as, although it made a heavy roof, it was
not only the best protection against the heat of the sun, but it also
afforded the best means of ventilation. In a large railway viaduct,
which had been intrusted to him to design, and to arrange for the
execution of| cast-iron piles were required to be used, at a consider-
able depth in sea water. It was for some time a question, whether
the salt water and other elements would not have a very deterio-
rating effect upon the cast iron; but he had recently received a
report stating, that immediately upon the iron being put down into
the water, it became so thickly encrusted with marine shells, as to
form a complete protection against the action of the salt water, so
that there was every probability that these cast-iron piles would
endure for a long period. In using wrought iron, in situations
e;;posed to the atmosphere, in these climates, care must be taken
effectually to Jyrotect it, by thorough painting. Such a construc-
tion as a bridge, with wrought-iron girders, must be constantly
painted and carefully protected from the influences of the climate,
which possessed the peculiarity of an excessive degree of heat,
combined with much woisture, tﬁe corroding effects of which, upon
wrought-ironwork, were remarkably rapid. 4
Mr. J. WHITFIELD, in reply upon the discussion, for the Author,
said with regard to timber, there was a great variety of wood
in Brazil which would be useful and would endure for a long
time under any circumstances; other descriptions under the most
favourable circumstances would not endure for twelve months
There were some varieties of timber the outside of which was ex-
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ceedingli perishable, but the interior would last for a long time.
He had known instances of timber, which had been in use for fifty

ears, both in and out of water. That was proved to be the case
in some old buildings he had examined ; and he found that some
descriptions of timber would last sound for a long time. It was
quite true that wrouiht iron when put under sea water rapidly
became encrusted with marine shells, which protected it to a great
extent: but wrought iron when exposed to the atmosphere, near
the coast, if not kept well painted, was very quickly corroded and
destroyed. In the interior of the country, where the atmosphere
was drier, ironwork properly painted would last as long, if not
longer, than in.England. I{ was a great mistake to suppose that
the whole of Brazil was like that part of the country, near to the
sea-coast. The hygrometric state of the atmosphere had a powerful
effect upon materials near to the coast ; but it was different in the
iuterior, Some materials of construction might therefore be use-
fully emrloyed in one situation, which would perish rapidly in
another locality.
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No. 1,082.—¢ Structures i;n the Sea, without Cofferdams ; with a
Description of the Works of the new Albert Harbour at
Greenock.” By DANIEL MILLER.

Or late years a revolution has been going on in nearly all the
branches of engineering practice. The application of scientific
principles, the adoption o¥ new constructive materials, and the
development of modern wants, by the expansion of trade and com-
merce, have in some cases much altered the formerly received
modes of construction, and in others rendered necessary the intro-
duction of entirely novel methods.

Although harbour and dock engineering has participated in this
change, there is no doubt still scope for improvement, in the
scientific and economical construction of these works. And when
it is considered how much the prosperity of a great maritime and
commercial country depends upon the extent and efficiency of its
docksand barbours, few subjects are deserving of greater attention.

The more immediate object of this Paper is to treat of the
various methods of constructing the foundations of quay-walls,
piers, or breakwaters, for the formation of docks and harbours
n deep water; to describe works of this kind carried out on prin-
ciples different from those usually practised; and to point out the
further application of these principles to other works of a similar
nature.

The formation of these works has usually required the adoption
of very expensive means ; and an easy and economical mode of build-
ing such structures, so as to combine the various conditions neces-
sary to insure solidity and capability of resisting the mechanical
forces to which they are subjected, and also the destructive action
of exposure to the elements, the boring of marine worms, or the
corrosive action of salt water, has been %itherto a desideratum.

Several methods of founding works in deep water are at present
practised ; but there are objections to most of these systems, arising
either from their expensive nature, or from defects in the dura-

[1862-63. N.8.] 2 E
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bility of the structures. The plans which have chiefly prevailed
are—

Founding on piling carried up to about the level of low
water ;

Constructing within caissons or cofferdams; or,

Building under water by means of diving apparatus.

The first method has serious defects, both in deficiency of
strength and of durability, as the piling is often insufficient to
resist the lateral pressure from behind the wall, and the heads of
the piles being exposed to the alternate action of air and water
soon decay, when the weight of the wall above rapidly completes
the failure of the whole structure, Of course where there are
marine worms this mode i3 quite inapplicable. Instances of
the failure of such works will occur to many. Referring to
the River Clyde, for example, nearly all the older quay-walls of the
harbour of Glasgow were built on this principle, and have given
way from the decay of the piles, or have required very expensive
repairs to keep them up; and at Port Glasgow Docks, the walls,
which were arso built on that system, gave way from the lateral

ressure forcing them out, shortly after completion, greatly to the
injury of that port. .

The most usual mode adopted, where works of great solidity are
required, is to resort to cofferdams, and to pymp out the water from
the enclosed space, so that the foundations and the walls may be
constructed as on dry land. This is certain]y most effectual, but itis
at the same time generally expensive, and it is often not unattended
with danger. In many cases, tog, from the nature of the strata,
it is almost impossible to form an effective cofferdam. The con-
struction of cofferdams, moreover, frequently requires great en-
gineering skill, besides involving vast expense; and when it is
considered that they are only wanted for a temporary purpose,

t must be conceded that it is an ohjeet of great importance,
to devise some mode by which their use can be obviated, and solid
and durable works can be executed without their aid.

The system of building under water. by means of diving-bells
and diving-dresses has been practised to 3, considerable extent, and
the improved a{;nparatus now used gives, great facilities for this
kind of work ; but it is only applicable .under particular circum-
stances, and it is also costly, besides heing liable to cause delay
in the progress of the work. The Dover Breakwater, at present in
course of construction, is an example on a. large scale of this mode
of construction, but it is also an instance.of the vast sums which
maIv be expended on this system. .

n bridge building, a great innovatign has been made in the
construction of the piers without the ajd of cofferdams, and the
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French engineers have been, until lately, in advance in this mode
of constructing such works. The plan they pursue was introduced
by Vicat in 1813 ; it consists in forming enclposures of close piling,
or ‘caisses sans fonds,’ of the shape of the pier, up to about low-
water level, and filling in with hydraulic ooncrete, or béton, on
which the upper part of the piers is built in the usual manner.
Some important bridges in France, and many of those across the
Seine at and near Paris, such as the Carrousel, Jena, Austerlitz,
Alma, and Asnieres, have the piers formed in this way without
cofferdams. These works of the French Engineers, however,
being in some instances a combination of timber and concrete,
cannot be said to possess substantiality and durability, and a
change was necessary, in order to enable them to compete with
stone structares built in the usual manner. The modes recently
adopted in constructing the piers of the Westminster and the
Chegsea Bridges without cofferdams, have effected this, and these
works are instances of successful departure from stereotyped ruies,
and of the application of scientific principles in the practice of
bridge building. o

APPLIGATION OF CONCRETE.

In these modes of construction, béton or hydraulic concrete
has played an important part, and it also forms a leading feature
in the plans for marine warks afterwards to be described.

This valuable compound, though employed in Roman and
medizval times, was allowed to go out of use, and since then, it has
not, until recently, béen much recognised as a constructive
material by the En%ineefé of this country, who have, for marine pur-
poses, placed their faith chiefly in works of cyclopean masonry, con-
structed within cofferdams, or bailt under water by the diving-bell.
The French Engineers deserve the credit of having been, for a
longer period in modern times, alive to the value of béton, as
an important auxiiary, in hydraulic works.

For some time, however, its value has been more appreciated in
this country as a substitite for masonry, and it has been employed
in some impottant works. " Still, its use is chiefly confined to
forming a homogeneous and monolithic bearing stratum for foun-
dations, and not, properly speaking, as a constructive material,
to which latter purposé it is more especially the Author’s object
to direct attention. In particular, there are but few examples of
the application of liquid ‘¢oncrete, deposited and allowed to set in
the water, in the construction of submarine works.

There are three madés'in which concrete may be applied for
constructive purposes,—building it in mass, and allowing it to set
before water has access'to the work, as has been adoﬁed in the
construction of the walls of the Victoria Docks, by ;-,2Biddcr,

2 F
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and in those of the London Docks, by the late Mr. Rendel ; pre-
paring it first in blocks, and allowing it to harden before being used,
as empl(ﬁed by the late Mr. \Valker at the Dover Breakwater, and
by Mr. Hawkshaw for the new sea forts, for protecting the arsenals
of Plymouth and Portsmouth ; and depositing it in a liquid state,
and allowing it to set under water, as practised upon a gigantic
scale by M. Noél, in the construction of the large government
Graving Docks at Toulon. In the latter case hydraulic concrete
has been deposited in a liquid state, in the sea water, at a depth
of about 40 feet, forming a vast rectangular trough of béton about
100 feet wide, of the length of each dock respectively, and with
walls and bottom about 16 feet thick. = After the béton had set,
the water was pumped out from the interior, an inner lining of
masonry to form the altars, stairs, and floor was built, the caisson
But intoits place, and the concrete side of the trough at the entrance
aving been removed, the dock was complete.

The facilities for making béton or hydraulic concrete, which has
the invaluable property of setting under water, and of thus formi
an artificial rock or stone, are very great; as it may be forme
either from the naturally hydraulic limes, the artificially hydraulic
limes or cement, or from the rich or noen-hydraulic limes, rendered
hydraulic by the admixture of other substances, such as pozzuolana,
minion, or iron-mine dust. . e

The béton. made from the naturally hydraulic limes, which are
found exteu'sivel'y in this and other countries, is the most to be de-
pended upon. The blue lias in England; the limestone of Arden
(found near Glasgow) in Scotland, and. that of Theil in France,
are good specimens of their kind, possessing in an eminent degree
the property of setting under water. .Qf the Arden lime, the
Author and his tuer have had abundant experience, in the
dock works at Glasgow, Greenock, and- other places. As to the
blue lias, its extensive emplqyment in the docks at Liverpool,
London, and other important works throughout the kingdom, is
proof of its good properties. The hydraulic limes of France
have been still more severely -tested, ‘by: their application for the
formation of the large concrete blocks, used for the protection of
the seaward side of the French breakwaters. It may be ueeful to
mention, for comparison, the propurtions of some of the concretes
made from these various limes. The Arden lime concrete, employed
by Messrs. Bell and Miller for the foundations of the large Graving
Dock at Glasgow, was composed of one part of ground Arden
lime, one part of iron-mine ci:)st, one part of sand; and four and
a half parts of gravel and quarry chips.. -‘The lias concrete, used
at the recent extension of the London Docks by Mr. Rendel, con-
sisted of one part of blue lias %imo te -six parts of gravel and
sand. The proportions adopted for the blocks of the Molc at
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Marseilles, were two parts of broken stones to one of mortar, the
latter being composed of three parts of Theil lime to five of sand.

A knowTedge of the mode of composing artificial hydraulic limes
is of great importance, in situations where natural hydraulic limes
are not easily procurable. Smeaton was the first to point out, that
it was to the clay or silicate of alumina in the composition of the
hydraulic limes, that they were indebted for their peculiar pro-
perty. Subsequentl{ the able researches of Vicat showed, oy actual
experiment, how all the rich or non-hydraulic limes might be
rendered eminently hydraulic, by burning them with a certain

roportion of silicious clay. Indeed, to V%cat is due the credit of

aving reduced the knowledge of limes to a system, and of having
shown the practical application of concrete as an eminently con-
structive material. The excellent artificial cements now manu-
factured are most valuable to the Engineer ; and the concrete made
with Portland cement ean hardly be surpassed. That used at
the new Westminster Bridge, is harder and more compact than
the greater number of building stones, even where put down in the
bed of the Thames, and where it i3 exposed to the running
stream. Portland cement concrete is also extensively used for the
artificial blocks, weighing from 6 tons to 10 tons each, which form the
hearting of the breakwater at Dover and that at Alderney, the pro-
portions being one part of cement to ten parts of shingle.

Some substances, such as pozzuolana—a volcanic production
found chiefly in Italy—have, in consequence apparently of silicate
of alumina being predominant in their composition, the pro-
Ferty of giving Tny aulic qualities to the rich or non-hydraulic
imes. It is of these-that: the concrete is made, which has
long been used for marine works on the shores of the Mediterra-
nean; and, indeed, the ‘piers at some of the Italian ports have been
constracted almost entirely of bydraulic concrete. The Author
had lately an oppertunity of examining, at Genoa, the extension of
one of the moles of the harbour, the inner side of which has a
vertical wall. The latter was in process of being constructed under
water entirely of pogzuolana concrete simply thrown into the
sea, from baskets carried on men’s heads, & boarding confining it
to the shape of the wall." In a short period, it set quite hard, so
as to enable the u part of the wall, which is of stone, to be
built upon it. The outer side of the mole, which had been
previously made, was formed by stones deposited & pierre
perdue’  Though the depth-of the quay wall was not great, this
sliows the confidence which the Italian lingineers have in concrete
applied under water in a soft state. The piers of the new basin
construeted by the Austrian Government at Pola, in Istria, are
also formed, in a similar manner, of concrete confined between rows
of timber piling. -+~ - -
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But perhaps the most striking application on a large scale of
pozzuolana concrete, is in the ?eat mole which protects the port of
Algiers. To form the mole, blocks of béton of immense size, so as
to %e immoveable by the force of the sea, were employed. Some
of these were formed in situ, by pouring the concrete into large
timber cases without bottoms, sunk in the sea in the line of the
mole. Other blocks of a smaller size, though upwards of 30 tons
in weight, were made on shore, being moulded in strong wooden
boxes. After the béton had set, the boxes were removed, and the
blocks were launched into the sea to find. their dwn level. The
béton for the blocks in situ was composed of one part of rich lime
in paste, two parts of pozzuolaua and four parts of broken stone ;
that for the blocks made on shore, was formed of one part of lime
in paste, one part of pozzuolama, one’ part of sand, and three
parts of broken stone. These blocks-set sufficiently hard in
twenty-four hours, to resist the shocks of heavy seas, and the mole
now stands firmly, instead of being, as it was when formed of loose
blocks of stone in the time ‘of the Moors, nearly destroyed
every winter. ' U

"The French Engineers have shown great bolduess and skill in the
application of béton, as exemplified in the Pont.de I’Alma over the
Seine, the arches of which, as well as the piers, are formed of rubble
concrete ; in the new Graving Dock at H'oulon, before alluded to ;
and in the formation, or proteetion of breakwaters, by enormous
artificial blocks of béton, as carried out at Marseilles, Cherbourg,
La Ciotat, Cette, Vendres, Caseis, and Algiers. A short time ago,
when the Author inspected the mole, or breakwater which encloses
the Harbour of Marseilles, he found thc: huge rectangular con-
crete blocks, weighing upwards of 20 itons each, by which its
seaward side is protected on the ¢ pierre pérdue ’ principle, perfectly
entire and sharp in their outling, though' they had been exposed
for many years to the action of the ssa. “Any one standing upon
that mole, and witnessing in a gale the heavy seas breaking with
tremendous foree on these concrete musses und recoiling harmlessly,
could have no doubt as to the efficiency of ‘concrete as a con-
structive material. - RETLEE
. Hydraulic conerete, to be effective, requires care and attention
in its manipulation, and in the regulation of-the proper proportions
of its materials. ~Any failures must have arisen from inattention to
these, or similar points, as there is amplé experience to show that,
when properly made, every confidence ~may be placed in its
strength and durability. %ven where 'gtone is aﬂundant, this
material may be often employed with ecomomy and advantage;
but where stone cannot be obtained, the' importance of being able
to form an effective substitute, out of naterials of so little value,
and so widely distributed, can hardly be ovckrated.
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CONSTRUCTION OF DOCK AND QUAY-WALLS WITHOUT
COFFERDAMS,

Though so much has been effected in bridge building, little has
yet been done in founding and constructing quay walls, piers,
or breakwaters in deep water, of a solid and durable character,
without the aid of cofferdams, diving apparatus, or other means
equally expensive. The Author has, for a considerable period,
devoted his attention to this subject; but it is only recently
that he has had a favourable opportunity of putting his ideas into
practice upon a large scale. .

In sea water the Engineer has to encounter enemies which do
not exist in fresh water, or-at least only to a trifling extent. The
‘ teredo navalis’ and ether worms, quickly destroy timber, and the
corrosive action of.the sea water, and other peculiar properties,
have a prejudicial effect upon iron. In consequence of these
deteriorating influences, these materials have not hitherto been
much employed in sea works, where durability is essential. There
is no doubt, however, that they may be emrloyed with advantage,
if protected from the destructive action alluded to; and whatever
materials may be used, it is desirable that the surfaces exposed to
the sea should be of continuous stone work, or other material
capable of resisting its effects.

As Engineers-in-chief. for the Albert Harbour at Greenock, the
Aauthor, and his partrier: Mr. Bell, have had an opportunity of in-
troducing the mew .systém shere adopted for the construction of
sea-walls and quays. in déep water, without the aid of cofferdams,
by which a large saving,is effected, and works of great solidity
and durability have been secured.

The accommedatiob for the loading and discharging of the
shipping of Greenook:cemsists of three open tidal docks or har-
bours, the most recent having. been constructed by the late
Mr. Locke, M.P. Extensive 'schemes for wet docks have been
ﬁrgnposed at different times by several Engineers, particularly by

nie, Telford, and. Walker and Burges, but hitherto, no wet
docks have been constructed, as it has been considered that the
moderate range of the- tide~~from 8 feet to 10 feet—does not
render them indispensable, and the trade is found to be efficiently
worked by the present system. In the additional accommodation
in progress, the system of harbours is adhered to, though provision
is left for conversion.into wet docks, by the addition of locks and
gates, should this at seme future period be deemed advisable.

The new works (Plate 9, Fig. 1) are situated on the west side of
the town, and in ordex:not to interfere with valuable shore ground,
they have been projected almost entirely beyond the high-water
line into the sea... The depth-of water at the outer line being
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considerable, the amount of excavation required in the interior is
comparatively little. The outer sea pier, according to the plan
proposed by the Engineers, will enclose a large extent of shore as
welroas the Bay of Quick, and when carried out to the full extent,
will be upwards of 3,000 feet in length. . Within this area there
will be space for two harbours, each 1,000 feet in length, 15 feet
deep at low water, or 25 feet at high water, with entrances 100 feet
wide. There will also be ample room for the construction of graving
docks, for the storing of timber, and for the erection of sheds.
Connecting the two harbours is shown, in dotted lines, the position
for a lock 350 feet én length, by which one of the harbours can
be converted into a wet dock, with a depth of 25 feet, when
required ; and at the west end is shown the site for a graving dock,
such a work being also in contemplation. It is only intended,
however, in the meantime to exeeute about one-half of the sea
ier, and to form one harbour or tidal deck, the Albert Harbour,
eaving the prosecution of the other works till the growing trade
demands further accommodation. This from the present rapid
increase of shipping will be at no distant period.

The depth of water along the line on which a cofferdam must
have been constructed, had such been contemplated, is in many
rbwes nearly 30 feet at high water ; and taking into account the
ength, and that it must have been of strength sufficient to
resist the storms of winter, it could hardly bave cost less than
£50,000. Besides the great cost of a cofferdam, there was
another difficulty, as, owing to the line- of :the proposed new pier
being close to the edge of the deep-water channel, it would have
been necessary to project the cofferdam so far into the channel,
as to have formed a serious interruption. to the traffic. In con-

uence of these difficulties, and from considerations of economy,
it had beeu the intention of the Trustees to use timber for
. the outer piers of the harbour, and the Erngineers were instructed

to make their plans accordingly. It was the opinion, however, of
the Author amr his parpaer, that in a situation where the sea worm
is very destructive, the work ought not to- be -constructed of such
a lpenshable material, and that it was quite possible to build a
solid structure, so as to avoid the difficulties referred to, in an
economical manner. In order to effect this, they proposed to
construct the outer pier and quays forming the seaward side of the
dock, without cofferdams, so that the pier might itself serve as a
cofferdam for the interior operations in the harbour which would
afterwards be required. This seaward pier is 60 feet wide at
the top, having quays on both sides. .

The mode 1n which the work was designed was, to form the
walls under low water of a combination of -cast-iron guide-piles in
the front, with a continuous stone faging:. slid down over and

~
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enclosing these, and of concrete backing deposited in a soft state,
all of which could be easily accomplished from above the water
line. Timber bearing-piles were to be used in the body of
the walls where required, and the upper part of the walls from the
low-water line was to be carried up of masonry in the usual
manner. {(Plate 9, Figs. 2 to 7.)

This plan was felt to be so novel, particularly with regard to
the application of the concrete, that though the Trustees as a
body had the greatest confidence in the Engineers, they considered
it to be their duty before proceeding with the work, to fortify
themselves by having the opinion of another, Engineer. Ac-
cordingly, Mr. Thomas Page (M. Inst. C.E.) was consulted, who
fully satisfied them as to the efficiency of hydraulic concrete
applied in the manner propgsed, and otherwise confirmed the
soundness of the principles upon which the works were designed.
At his suggestion, granite from the Ross of Mull was substituted
for freestone, for the stone facing under the low-water line, as it
could be obtained in large blocks at a moderate Price; he also
recommended that the timber piling should be dispensed with,
but the nature of the bottom has hitherto not allowed this
to be carried out to any great' extent.

The first operation in the construction, when the water is not suffi-
ciently deep, 1s to dredge out two parallel trenches to 17 feet below
low water, for the founsnﬁons of the walls. A staging of timber

iles is afterwards erected in the line of the pier over the whole

readth, for carrying thé tramways, travelling cranes, and piling
engines. Cast-iron guide piles are then driven from the staging,
with great precision, 7 feet apart in the line of the fuce of each
quay-wall. These 'piles are driven till their heads are near the
low-water line, and they form guides for putting down the stone
facing.- They are connected at the top transversely by wrought-iron
tie-rods stretching through the pier, cottered into sockets and bind-
ing the heads together.” At first it was thought that there would
be some difficulty in driving the iron guide-piles with the required
exactitnde, but this was overcome by pile engines of peculiar con-
struction, devised by Mr. William York, one of the contractors.
(Plate 9, Figs. 8 and 9:) These travel on the rails of the scaffold-
ing, and are furnished with long arms projecting downwards,
strongly stayed by diagonals, and forming a trough, into which
the pile is placed, and from which it is driven by the pile engine
in the manner of an arrow from a cross-bow, bemg obliged to go
down perfectly straight. . '

The ground is very unequal, the hard substratum, or red ‘till,’ .
being]in some places 20-feot below the bottom of the wall, the
upper strata being -mud ‘and ‘soft sand. In such cases timber
piling, driven to the sams:level ‘as the iron piles, is used to form a
platform for sustaining the part of the wall above low water ; but
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where the ground is firm this is not required. When the proper
depth has been dredged out and the piling driven, a bed of hydraulic
concrete 3 feet thick, and 20 feet wide, is deposited in the trenches,
to form a base for the wall to spring from, and to give a 1
bearing surface. Into the ves formed by the flanges of the
iron piles, large granite slabs, from 18 inches to 2 feet thick are
slipped, the bottom one resting upon the concrete base, and on a
projecting web cast on the piles: not more than three stones fill
compartment between the piles 16 feet in height and 7 feet
in width. These stones slip into their places with the greatest
ease, and form the face of the wall under water. Behind this
facing hydraulic concrete is lowered under the water in large
boxes baving moveable bottoms, and is discharged in mass
to form the body of the wall. Teo confine this at the back before
it has set, loose rubble stones ere dﬂaue-ted and carried up
simultaneously with it. The hearting the pier, consisting of
hard “till’ stones, and gravel, is deposited afterwards, and the
whole carried up to the level of low water. -

The entire mass, piles and stone facing, concrete backing and
hearting, is allowed to consolidate for a sufficient time; after
which the heads of the iron piles and the'granite facing blocks are
capped at the level of low water by a granite blocking or string
course, and the upper portion of the walls is carried up in free-
stone ashlar, and rubble. The remainder.of the hearting between
the walls is then filled in, and the whele is finished with a granite
coping and causeway. The walls are 88 feet in height from the
foundations, 11} feet thick at the conerete base, and they diminish
to 5 feet thick at the top. g

Particular care is taken with regard to the hydraulic lime. It is
burnt at the quarries, but is brought from thence in the ¢shell” by
the railway in covered waggons, so as to preserve it from wet.
It is ground at the harbour works, for which purpose, and for
mixing the mortar, there have been erected four vertical double-
roller mills and two sieves, driven by an engine of 20 H.P.

In the part of the pier which has been already executed, the
stone facing under low water being made to slip into the groove
formed by the flanges of the iron piles, the outer flange is left
exposed to the action of the salt water, which no doubt will in-the
course of time exert an injurious effect upon the iron. (Plate 9, Fi
4 and 7.) To remedy this, it is intended in the remainder of the
work to reverse this plan, and to make the groaves in the stone facing,
into which the outer iron piling will fit. -(Plate 9, Figs. 2 and 5.)
The stone blocks will therefore overlap the iron piles, and form a con-
tinuous stone facing, so that no part of the iron will be exposed to the
action of the salt water. The grooves will be filled from the top with
cement, which will enclose the iron flange, and effectually preserve it.

When the whole extent of the seaward pier is completed, the




" THE ALBERT HARBOUR, GREENOCK. 427

interior operations for the harbour will be proceeded with. This
pier will serve as the principal cofferdam, and the entrance will be
closed by a short cofferdam about 100 feet in length, and then the
water wifl be pumped out from the enclosed space ; after which the
excavation, and the construction of the intertor walls surrounding
the harbour will be commenced. It is not intended to describe
these operations, as they do not possess much novelty.

The cost of the outer or sea piers, 1,200 feet in length and 60
feet wide, constructed in the manner described, will be £63,000.!

The concrete employed is formed of Arden hydraulic lime, iron-
mine dust, sand, gravel, and stone chips,—the lime and the mine
dust being well ground, under edge stone mills, before being mixed
with the other materials. The proportions are by measure :—one
part of ground lime, balf & part of mine dust, one part of sand, and.
threé parts of gravel and stone chips. Immediately after being
mixed, and when brought to a proper consistency with water, it is
conveyed to where it is to be used, is let down under water in the
discharging boxes, and in a short time sets very hard. The boxes
used are either of iron or. of wood, and contain one cubic yard each.
Those of iron are found to be preferable, as the buoyancy of the
wooden ones renders them somewhat unmanageable in a tideway,
after their contents have been discharged.

The works of the Albert Harbour are being executed under the
immediate superintendenee of-Mr. John Thomson, C.E., as resident
Engineer, the contracters being Mesars. W. and J. York.

his mode of eonstructing walls in deep water without coffer-
dams has proved very successful, and a sea-pier of great solidiff
and durability has been formed at a comparatively moderate
cost. . Coe

In @mMcting uay-wallé on the foregoing Frinciples, different
modes of forming the stone casing may be employed ; and particu-

* It has reccntly beem decided ko incregse the area: of the Albert Harbour, by
building the south quay 90 feet farther back than is shown on the plan (Plate 9,
Fig. 1), the necessary land having been acquired. In connection with the harbour
works, and to dispose of:the maturiala’ from the excavations, amouating to nearly
half a million cubic yards, it is intended fo form an lanade, or embankment,
100 feet wide,along the shore of ¥ort Mutilda. This will be faced on the scaward
side by a substantial wall, 6,000 feet in length, with landing-stairs opposite the
principal strects, and the wall will be sarmounted by an iron balustrade. The
cost of the several works will pe—. -

Albert Harbour and Albert Quday . . . . £150,000
Sea-wall and roadway of esplanade , . . . 20,000
Lad . . . ., . . . . . 50000
Crancs, rails, &c. .’ . . . . . . 10,000

-

o Total . . £230,000
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larly where stone of a softer nature than granite, such as limestone
or freestone, is used, a still more efficient outer casing may
be obtained. (Plate 9, Fig. 6.) In it, blocks of stone, baving
orifices or holes cut in them, are strung or put down over
the iron piles, so as completely to enclose them. These blocks
have also grooves or projections on their sides, in which are elid
? down intermediate slabe or blocks of stone, having corresponding
grooves or projections. A continuous facing of stone, having all
the stones ?oc ed into each other, is thus formed, and the iron
piling is effectually enclosed. It wason this principle that the facing
under low water was intended to have been formed at Greenock,
vious to its having been suggested to employ granite instead of
reestone.  Still further to protect the iron from the action of the
salt water, the holes round the piles would be filled up from above
with cement well-rammed down, so as to fill up all the joints, and
to unite the stone and iron together. This plan admits of the iron
piles being kept further apart than when single blocks connect the
gieles. Concrete backing may thén be filled in, and the structure
completed us rreviously described. Temporary sheet iﬁling or
boarding, i of loose stone, may be employed to keep the
concrete in its place until it has eet. ‘In many cases, blocks of
béton, which can be easily moulded into the shapes required, may
be advant:geously substituted for stone in the facing, as it has
been proved by experience that, when properly made, they possess
the requisite strength and durability.

The range of different pu to which this system of founding

arine structures is applicable is very extensive, and works such as
the formation, re-facing, or re-construction of quay-walls; the
formation of docks or tidal basins on sites covered by the sea;
embankment walls along the shores of seas or rivers ; the founda-
tions of lighthouses, beacons, or forts which may require to be made
in the sea; the construction of breakwaters enclosing harbours of
refuge ; may be effected with a speed, facility, and economy not
hitherto attainable.

The applicability of this system to the construction of break-
waters, and the necessity for some mode by which the cost of
these works may be lessened, seem to the Author so important,
as to deserve further remarks.

APPLICATION TO THE CONSTRUCTION OF BREAKWATERS AND
HARBOURS OF REFUGE.

Although various Royal Commissions and Parliamentary Com-
mittees have elicited much valvable information on this subject,
the main object of diminishing the enormous cost of these works,
and of providing a durable and substantial, and at the same time
cconomucal, barrier to the force of the sea, i as yet a desideratum.
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So important, indeed, has this become, that in 1860 a Select Com-
mittee of the House of Lords was appointed to inquire, how far it
might be practicable to adopt some plan, for the construction of
breakwaters and harbours of refuge, less costly than the system of
solid masonry then in use. Various plans were discussed, and
amongst them floating breakwaters; but the investigation failed
to establisb any effectual substitute for the present modes of con-
struction. Co

The plans about to be described will, in the Author’s opinion,
have a material effect in filling up this want. Before proceeding,
however, it will be necessary to refer, briefly, to the principal modes
of construction hitherto adopted, and to couvsider the peculiar
phenomena by which sueh struictures are affected.

The most common mode of forming breakwaters is the ¢ pierre
perdue,’ or ‘long slope ’ system. This is simply the deposit in the
sea of a vast amount of loose rubble stone, rising to about the
level of high water, allowing it to take its own level, and to be
acted upon by the sea, until its section assumes the permanent
form which this action gives it. The seaward side obeys the laws
of ordinary sea beaches, and forms itself into a long sloping shore,
involving the employment of en enormous amount of material be-
fore the mound reaches the height to give the required protection.
Such a system is only applicable where stone is abundant, and can
consequently be deposited at a cheap rate. Of this system, the
Plymouth, Cherbourg, and Holyhead breakwaters may be taken as
examples. (Plate 10, Figs. 1 and 2.)

In situations where stone is not abundant, the opposite principlé,
called the ‘vertical system,’ is adopted. In this mode the walls
are built upright from the bottom ; and as all the material below
low water 1s put in place by diving apparatus, and is of an ex-
pensive nature, the cost of a work executed in this way is very
great. The Dover Breakwater, in course of construction, is the
most prominent example. It is built up solid from the bottom of
the sea, the exterior facing being of ashlar granite blocks rebated,
- or checked into each other, and the hearting of rectangular
blocks of concrete, built in the same way as ashlar masonry up to
the level of high water, above which it is filled in with liquid
concrete. (Plate 10, Fig. 7.)

Besides these systems, which may be taken as the extremes, an
intermediate form of section, combining both to a certain extent, is
adopted. It consistsin carrying up a rubble mound to within a certain
depth below low water, and upon this, building the remainder of a
vertical construction. The Alderney Breakwater may be taken
as representing this system to a partial extent. (Plate 10,

Fi%. 10.) S
t has been a subject of discussion, as to whether the ¢ long slope,’
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or the ¢ vertical wall’ was the better section for breakwaters, and
asto the relative force of the sea exerted upon them. The obser-
vations which have been made on waves may be said to have settled
this point in favour of vertical walls, as it {ms been clearly shown
that waves in deep water are chiefly oscillatory in their character,
the fluid having little progressive motion in itself, and consequently
exerting but little force on objects opposed to it; but in shallow
water, waves assume an entirely different character, as they acquire
a progressive motion, becoming waves of translation, in which the
fluid is carried bodily forward in a horizontal direction, and in
consequence it strikes any body opposed to it with great percussive
force. Vertical walls, therefore, whick rise from the deep water,
being only subject to the oscillatory movement of the waves, are
least exposed to the destructive effects of storms. The evidence
taken before the Royal Commission in 1859 seemed to be con-
clusive on this point, and the opinions of the Commissioners, as
developed in their Remrt,, may be considered to have set this
subject at rest. But whatever difference of opinion there may still
be upon this matter, there can be no ?uesﬁon as to the vast saving
of material by vertical walls, arid of the great economy which
would result, provided a simPIe and eagy ‘mode of construction
could be adopted. The vertical systert' has, besides, the great
advantage of being aleieable in many chses as quays for vessels
lying alongside to load and discharge, Which may be turned to
valuable account both for commetcial ptirposes, and, in times of
war, for the rapid shipment, or'deBarkation of troops, stores, and
other material. s

The experience, however, -derived -ftom the formation of the
great breakwaters on the ¢ pierre perdue “or “long slope’ principle,
such as Plymouth, has been very valusble. The examination of
the sections which the materials assume, shows that the great
disturbing action of the sea, or conversion of the waves of oscil-
lation into those of tranelation, decs not éxtend to any considerable
depth; as it is found that the long sloping beach terminates
generally at from 12 feet to 15 feet below low water, after which
the inclination becomes much steeper, the materials assuming
nearly the form due merely to the natural angle of repose, as
if unacted upon by any force except that 'of gravity. The inclina-
tion on the seaward side within the tidal range, and to the depth
of 12 feet or 15 feet below low water, is generally five or six
horizontal to one vertical, but below that depth it is only from one
to one and a quarter horizontal to one'vertical. It is the long
slope which these breakwaters assime to a certain depth,
that causes the enormous absorptiom of waterial; but it
appears that a mound of rubble may be'deposited to within a
certain distance of low water which will nidt have this long slope,




THE ALBERT HARBOUR, GREENOCK. 431

and cousequently will only require a comparatively small quantity
of material. The consideration of these facts shows, that in the

nerality of cases, the vertical and ¢ pierre perdue’ systems may
ﬁ combined with advantage and economy, by first d);positing a
rubble mound to about 15 feet below low water, and from that
point carrying up the remainder of the breakwater by vertical walls.

A great improvement in the facility of constructing these break-
waters, when such an immense quantity of material has to be
deposited, was the introduction, by the late Mr. Rendel, of timber
staging carried on piles in advance of the work, and sustaining
lines of rails, by which the material can be brought down and
be deposited in the sea with a rapidity before unattainable. The
consumption of timber is, no deubt, very great, as much has to be
left imbedded in the work, and there is considerable destruction
besides; but this is amply compensated by other advantages. By
this system, an average of about a million tons of stone a year
have been deposited at FHolyhead, and a similar plan is pursued at
Portland.

Massive staging is also employed at the vertical breakwater at
Dover, for faclitating the building operations. Indeed, staging
may now be considered essential in the generality of cases for the
economical construction of sueb works.

The breakwaters of the French Engineers are generally formed
¢ a pierre perdue, but ypon a different method from that pursued
in this country. Thus, .at the Plymouth Breakwater, only large
blocks of rubble stone were deposited, the small being thrown
aside, and at Holyhead and Portland, the large and the small

" rubble were deposited prowiscuously ; while the French Engineers
usually employ the small rubble for the core, aud reserve the
larger bl for the outer coating. Furthermore, they protect
the seaward side by blocks of béton, -thrown in to take their own
position, and of such a sjza, (generally from 20 tons to 30 tous), as
effectually to resist displacement by the ntmost force of the waves.
These blocks assume a slope as steep as one to one under the
water line, so that the.mass.of material in a breakwater thus
constructed, is considerably.less than where smaller materials are
employed for the seaward,face, The moles of La Joliette and
Napoleon which enclase the harbour of Marseilles, are excellent
examples of this mode of gonstryetion.  (Plate 10, Fig. 3.)

Having thus glanced at the general principles which affect
breakwaters, and described the modes of construction usually
adopted, the conclusion to be arrived at appears to be, that the
vertical system is that which best resists, or rather averts, the
destructive action of the sea, and requires the smallest amount of
material. However, both systems, the ¢ long slope,” and the
¢ vertical,’ as at present carried eut, are very expensive, the
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former from the quantity of material which is required, the
latter from the costliness of the material and the mode of con-
struction. The one system may be characterized as involving the
maximum in quantity, and the minimum in cost of material ; the
other, on the contrary, the minimum in quantity and the maximum
in cost of material. The object sought to be attained by the
system about to be described, is to effect & minimum, as far
as possible, both in the quantity and in the cost of the material.

According to circumstances, breakwaters on this system wonld
be constructed either wholly vertical, extending from the bottom,
or partially vertical springing from a rubble mound. For the sake
of comparison, the mode proposed . by:;the Author (Plate 9,
Figs. 10, 11, and 12,) is designed to suit the conditions usually
prevailing ; say a range of tide of 15 feet, and a depth at low water
of G fathoms, being about the same as at the Plymouth Breakwater,
and as at Ha.rtlepool, Filey Bay, and the entrance of the Tyne,
where the most 1mportant harbours of refuge have been recom-
mended by the Ro nf%ommissioners. Thesection (Plate 10, Fig. 6,)
represents a breakwater with a parapet, but this is not indis-
pensable to the main object of a breakwater, and is only required
n cen;iain cases, as %lfre ﬂ}l]e inner midp is b:odbe used forhcotlllll-
mercial pur ere the parapet can i8 with, the
top of tl}:: bmmr may be cl; pe?le by large blm béton, or
stone, of such a weight as not to ﬂe-displaoed by the heaviest seas.
(Plate 10, Fig. 5.) C

The principal feature of the new plan is a .framework of iron,
formed of piles, or standards, and ties; which serves as the staging
for all the comstructive operations, and afterwards becomes an
essential portion of the structure, by binding together a strong
casing of stone or other sufficiently durable material, which encloses
and forms the facing of the breakwater, allowing the interior to be
filled up with loose rubble, or other cheap materials, which may be
cemented into & solid mass by means of Jiquid ‘béton or concrete.
1t will be preferable for breakwaters to make the standards of
wrought-iron, and in the generality of cases it will not be necessary
to drive them into the ground, but simplydo set them in place.

The mode of proceeding is to erect the iron staging in advance
of the work, which may be done, either -by driving, screwing, or
§uiding the piles, or standards, from a macgine Phced on the plat-
orm, and travelling along as it This machine will
have long guides firmly stayed amf set aceurately in position, into
which the iron piles will be placed, and then driven in a siwilar
manner to that pursued at Greemock. .When two piles are erected
in place, they are connected rangversdly. by iron ties, and by the
wm{:orary platform at the top for bearing the rails, and the piling
machine 18 then moved on to drive the next set, and so on. Fol-
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lowing this operation come the wagons depositing the material to
form the rubble mound, which collectiniround the lower part of
the standards, firmly fix them in their places, and give stability to
the staging. When the mound has risen to the required height,
say 18 feet below low water, the cranes from the staging above
commence lowering the casing blocks for the facework. These
are made to enclose the iron standards, and are formed so as to
be arched or locked into each other, and thus to resist any pres-
sure arising from the backing. They can be made to break bond,
or to slide down without breaking bond, as may be cunsidered de-
sirable; but the former plan permits the standards to be kept
at a greater distance apart, and the blocks to be of less dimen-
sions, and at the same time, of greater strength.

Simultaneously with the building of the casing, the hearting
of the work, rough rubble, or other suitable material, is to be
deposited from the wagons on the staging, filling in from the
centre, while backing of béton, or hydraulic concrete, will be
lowered down in large boxes, and discharged behind the stone
casing, consolidating and cementing together the rubble hearting,
as it 18 filled in and falls down.

It will be observed, that the whole of the facing is rendered
continuous; and by all the blocks being arched, or grooved into
each other, it is impossible that anf' individual block can get out
of place. This is a danger greatly to be feared in structures of
this kind built in the ordinary way, as the action of the compression
of the airin the joints of the. masonry, by the pressure of the waves,
and the after-expansion when the waves retire, is sometimes so
great as to blow out the stones, thereby endangering the whole
structure,

By this system the Author believes great soliditz and strenﬁth
may be obtained, as the whole structure is bound firmly together
b{ the iron framework; while the manner in which the stones
of the facing are locked into each other, and in which the concrete
will penetrate and solidify in a short time the whole mass, will
realize as nearly as ible the idea, which should be the object
of attainment in sucE structures, of a monolith, or solid rock in
the bed of the ocean.

The cost of such a structure, under ordinary circumstances, and
of dimensions suitable for Hartlepool, Filey Bay, or the entrance
of the Tyne, may be taken at £190 per lineal yard without a
parapet, and at £200 per lineal yard including a parapet wall,
according to the following estimate, in which the same prices are
taken as were assumed by Mr. John Murray (M. Inst. C.E.) in
a previous discussion at the Institution.'

'S

' ;’tde Minutes of Proceedings Inst. O.E, vol. xviii.,, p. 10%.
[1862-63. n.s.] 2F
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Estimate of the quantity of material in a bay of 15 feet of a break-
water, with 36 feet depth at low water and 15 feet range of tide.

£ s d

150 cubic yards rubble in outer coating of moand . at 4s.6d. 383 15 O
550 cubic yards rubble in body of mound (deducting

one-fifth for interstices) . . . . at 3s.6d. 96 5 0

2,970 cubic feet béton blocks in facing under low water at 1s. 84. 247 10 0

2,250 cubio feet ashlar facing above water . . st le.6d 16815 0
547 cubic yards rubble hearting (deduoting one-fifth

for interstices) . . . . . . at 8s.6d. 9514 6

70 cubic yards concrete backing . . . . &t 10s, 85 0 0

83 square yards causeway . . . . . at 10s 1610 0

119 cwt. wrought-iron standards (100 lba. per foot) . at 80s. 17810 0
22 cwt. wrought-iron transverse ties (3 inches dia-

meter) . . . . . N . at 80s, 88 00

§ owt. wrought-iron longitudinal ties . . . ot 80 710 0

Parapet.

907 cubic feet ashlar facing . . . . at la6d. 68 0 6

9 square yards causeway . . . . . at 10s. 410 0

80 cubic yards concrete . . . . . at 10s. 15 0 0

£1,000 0 0

£1,000 =~ 5 = £200, the cost por lineal yard of breakwater with parapet wall ;
and making deduction for parapet aud udditiow for capping blocks, £180 per
lineal yard would be the cost without parapet wall,

The blocks forming the casing uader water may be either of
stone or of béton. {th the former cannot be conveniently
procured, the latter may be used with ‘advantage, particularly as
it can be 8o easily moulded inte the reequired s and almost
of any size, The power of such blocks to resist the action of the
sea for an indefinite period is now fully confirmed. These may
at least be generally ado for the inner walls of breakwaters.
Indeed concrete blocks, built in the ordinary way, have been
already used by Messrs. Walker and- Burges at Alderney for
the inner facing. «

The great economy of this system of constructing breakwaters
would arise from the smallness in quaatity and the cheapness of
the bulk of the material. The quantity of material in this break-
water compared with that in the Plymonth Breakwater on the long
slope principle, in the same depth of water will be about as one to
four, and the disparity of cost is not less striking, the Plymouth
Breakwater having cost nearly £900 per-lineal yard.

In comparing with any other mode of construction, the iron
framework may be allowed to go for nothing, as staging of some
kind must be used for the y and economical construection of
any kind of breakwater. is framework of iron standards will
not cost more than timber staging, and, indeed, far less than in
cases where an immense quantity of staging requires to be used
for the deposit of the enormous mass of material of long slope
breakwaters, such as at Holyhead ; while it will be far more secure,
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in consequence of its inherent strength, the heavy nature of the
material, and the small surface presented to the action of the
waves. The buoyancy of timber ing i8 an element which
causes its own destruction, as is exemplified at Holyhead, where it
is admitted that for every piece of timber another piece is required
to make up for the lmad X

Another important advan is the t speed with which it
may be constl;uocted, from :iege mass ofgtrl:‘ ml;et:rial being of a
nature easily deposited, and from the facility with which operations
may be catried on upon a long stretch of the work at one time.
In situations where tEg materials for the construction of ordinary
breakwaters cannot be obtained, the advantages of tois system
would be still more striking. Dover may be taken as an example,
there being no stone in the neighbourhood suitable for depositing
‘a pierre perdue,” or building vertically in the usual modes of
construction. By the m proposed the harder chalk from the
cliffs, and shingle, could be for the hearting, as in a struc-
ture so firmly bound together these materials concreted with
béton would serve the purpose quite as well as any other. In
forming the rubble mound, the example of the French Engineers
might i"oe followed with advantage, by forming the core of smaller
and inferior materials, and for this the chalk and shingle would
be quite suitable. This would be protected by a thiek layer of
rubble, and on the seaward side by a layer of concrete blocks,
of such a size as would net be disturbed by the sea. The vertical
superstructure would be constructed: of chalk, or sandstone rubble,
eoncreted by béton for thie heartipg. A breakwater upon this
construction (Plate 10, Fig. 8,) the Author estimates could be built
at Dover for £290 per lineal yard. The present breakwater for
the same depth of 45 feet at-low water is contracted for at £1,245
per lineal yard, so that there would be the enormous saving of up-
wards of one million-and a half sterling permile. The difference
the cost of construction, vast as it is by this system, is not the whole
saving, as the time occupted i8 an mmportant element, affecting
the final coet of such a work, the interest on the outlay being
lost until the harbour becomes available. There can be no doubt
of the solidity and durability of the Dover Breakwater, but con--
sidering its enormous cost,and the distance into the future before
its completion will render.'it available for commercial or for war
purposes, the wisdom of proseouting it upon the present mode
of construction may be well called m question. Upon the con-
struction proposed, the breakwater could be completed and be
available as a Harbour of Befuge for the maval and commercial
fleets of the country in less than five years, at a cost of little over
£1,000,000. Co e

Breakwaters and piefs have been frequently mage o; timber

F



436 STRUCTURES AN THE'SEA, .

framing and casing, confinisg-a mase dof rubble. Extensive piers
on this principle are in existence at Boulogne, Calais, Dunkirk,
and. other ports; but it is evident that such a system, from the
timber being exposed and the consequent want of durability, and
from their liability to sudden:destruction when once the casing
ﬁives way, must prove very expensive in the end. This system

as been revived, though upen. mexe ecientific principles, by
Mr. Abernethy (M. Inst. C.E.) and Mr. Michael Scott (M. Inst
C.E.).! In these plans a structure, composed of a casing of timben,
is formed of timber frames, standagds,.or piles and planking, and
this casing is afterwards filled. with rubble. But as the casing
cannot be expected to posseas much. durability, it is proposed
subsequently to enclose this structure .by solid walls of masonry
or composite blocks, for which the first structure will afford a
convenient and substantial platform, . for - bearing the rails and
cranes pecessary for executing this part of the work. There are
two distinct operations necessaryy,therefore, to complete the work
upon this mode in a permanent sanner ; first, the formation of the
inner structure with 1ts timber opsing; @nd,.second, the formation
of the outer structure, for the purpose. of making a casing of a
durable character, The ecomomy of making breakwaters of a
durable construction on these modes has.not. heen fully made out,
chiefly arising from the gteatquantity.of timber required, and the
necessity of employing two.distinet casings, one of which must
m s“perﬂuﬂus. . I PR

The system which the Autbor bas propesed, will he thinks secure
all the objects which appear-to ‘haueli)efp aimed at by these plans,
but with greater simplienty.and. economy. .~ .. .

It is not. essential that the standards|employed in the system
Rro%zrsed by the Author, should be of irn,. as they may be of
timber, but enclosed, as has been already described in the case of
iron standards, in a casing of blgcks of stene or of béton. The
Author, however, would not recommend this, except for small piers,
or breakwaters where great econgmy is necessary.

AprLIcATION To THE FouNDATIONS OF MARINE FORTIFICA-
o JTIONS L

The general application of steam to ships of war, the improve-
wents in artillery, by which the range and weight of projectiles
have lgeen vastly extended, and the systém of coating ships with
defensive armour, have entirely ¢hangded:the relations of works of
defence on shore to those of offende ‘ftem - sea, and rendered the
supervision of the system of fortifications which defend the naval
atsenals and seaports, a quespion of vital moment, The present

! Vids Minutes of Procoedings Inek.’ O. 1., %6l &viifi; p. 72; vol. xix., p. 6443
and vol. xxi., p. 322. C weeo de dagle o0 0 .
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defences have been found to' be :quite inadequate to cope with
the new forces which cam be :brought against them, and in par-
ticular, a necessity has been felt for the construction of advanced
works, which shall keep the enemy without the range of
bombarding the places they are intended to protect, or at least
subject them to severe punishment while attempting it. In some
cases, these can only be constructed in the sea, and in others, this
is the most effective situation for them. It is in this way that
Cronstadt is protected, and it forms an important part of the
general scheme of the new works for the defences of Plymouth and
Portsmouth. There are many .considerations that will render
sea-forts of great value, which’need not be entered upon in this place.
Suffice it to say, that it is% probable the use of such advanced
works will be much extended, and many situations could be
pointed out where forts' could ' be more advantageously placed in
the sea than on the land, for- the -protection of seaport towns.
The difficulty, however, 1 the way of executing such works, is the
expense and delay in constructing ‘the foundations. The Author
Sxpense at Y pruchng ;

is of opinion, that the principles already described for worke of
a different nature, would admit'in this case also of successful appli-
cation for the works undé¥ low-waterlevel. 'The casing might be of
granite, or the greater part' of large concrete blocks, capped near
the low-water line, whieré” esposed to shot, by a massive blocking
course of granite. The'tmannér in which the filling in-of concrete
in the interior would set in a solid mass, and in which the whole
structure would be bourd‘together by the iron standards and tie-
rods, would, the Author ‘apprehends, form as efficient a fo_ur.ldation
for the purpose as could well be devised, while the rapidity and
economy with which such-a work could be put down, woald cer-
tainly be advantageous. ! - .

In developing the forégoing system for comstructing the sub-
marine works of breakwaters, pters, quay walls, lighthouses, fortifi-
cations, and other similaf ¢tructures. it must not be understood
that it is advocated as beihg applicable in all cases, as the mode of
construction of any engineering work must be determined F‘reatl_y
by local circumstances. Buf the Author considers that it will admit
of general application, and that the following advantages may
be fairly claimed for it :-— )

Great economy, combined with strength and durability ;

Facility and rapidity; of execution ; .

Adaptability to.situations .where the present modes are in-
applicable. e e

It is to be expected thit there will be considerable doubt and
diversity of opinion regarding the various operations involved ; such
as the accuracy with which the guide-piles or standards can be
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driven, the facility with which the stone facing can be put in place,
or the depositing and setting of the concrete in open sea-water;
but it must be recollected that all these have been tested and found
successful in works upon a large scale at Greenock.

The various examples which have been given, to show the dif-
ferent applications of this system, must be merely understood as
intended to illustrate the subject generally, as, of course, the de-
tails will admit of variation, according to the views of different
Engineers.

The Paper is illustrated by a series of Diagrams, from which
Plates 9 and 10 have been compiled.

[Mr, MILLER
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Mr. MiLLER stated, in reply to questions, that the contract
for the pier at Greenock, complete in every respect, 1,200 feet in
length and 60 feet in width, had been taken for a sum of £63,000,
being at the average rate of £157. 10s. per lineal yard. As yet
only about 300 feet in length of the pier had béen completed. No
di culwawver bad been found in getting the concrete to set,
and to me thoroughly oonsolidatef,e even under water 15 feet
or 20 feet deep at low water; and although occasionally there
were strong northerly winds and heavy seas in that part of the
Clyde, yet the concrete was as solid as rock, and so hard that iron
bars would not enter it. Much depended, of course, upon the
quality of the materials used in forming the concrete, and upon the
mode of preparation. The Paper would be found to contain de-
tailed information on this branch of the subject.

Mr. Josepd MITCHELL remarked, that the water at Greenock
was generally very quiet. From his experience he apprehended
that, with rough water, there would be difficulty in getting the
concrete to set firm. In some cases he had found that the lime
and the sand were washed out by the water, and only the large
gravel remained. That appeared to him as likely to arise in de-
positing concrete in boxes, in the way which had been described.

Mr. GreGoORY, V.P., observed, that there could be no doubt as
to the siructural advantages of concrete, if it was allowed to set,
and if the materials of which it was composed were not washed
away. But concrete generally required a casing to protect it:
and while he gave full credit to the Author for the ingenuity of
the construction of the casing, which carried out the same idea as
that which had been adopted in the piers of Westminster Bridge,
he feared that, where exposed to a heavy sea, it would
found that there was not sufficient bond between the casing and
the body of the work. It was well known that water would often
penetrate through the joints of masonry, and whatever might .be
the precision o§ the work, he apprehended there would be a risk
of the'water finding its way behind the casing, and along the line
of the bolts, which appeared to be the onl{lmeans by which the
casing was held to the body of the work. He thought that when
such a structure was exposed to a heavy sea, damage might from
this cause occur to the casing, and incidy;ntalli' to the whole mass.
When using concrete as the hearting for a wall, he had frequently
adopted counterforts and bond courses running back from the
casing walls, 80 as to unite them with the mass of the work. It
was possible that while in rivers, or estuaries, where there was no
great run of sea, the system described might, under certam cir-
cumstances, be adopted with advauntage, it was necessary to pause
before using it for walls which required to be well bouded, when they
might be exposed to the action of the sea in harbours or breakwaters.
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Mr. J. F. BATEMAN thought the; Amthor did not mean it to
be supposed that the outer casing was in itself. completely water-
tight, so as to form a close .coffer-dam,: He bad no doubt that
concrete, when properly made, would set -as hard as the old red
sandstone conglomerate; but there was the risk of the water
sucking out the lime before it had become set, and leaving only
the gravel behind. In the strueture under discussion, there
was certainly a want of bond, as had been already pointed out ;
and he feared that, in & heavy sea, the whole of the veneer-
like facing would be stripped off, leaying the rubble backing and
the concrete hearting entirely exposed. 'That, however, would not
be of much consequence, if sufficient. time had elapsed to enable
the hearting to become consolidated, and if the primary difficulty,
of preventing the water from sucking ous the.lime and depriving the
concrete of its cementing property, were overcome. If the concrete
was of good quality, then the plan- described would, no doubt, if
successful, ensure a very economical kind of work, and in that view it
was deserving of consideration. At the same time he thought more
experience was required to enable its intrinsic merits to be fairly
judged of. 1t would be necessavy, in order to give every chance
of success, that the concreta shonld be..eompesed of exeellent
hydraulic lime,and sharp stones, with little or,ne sand, so as to
sess no particles which could easily ba remaved, and that the whole
of the work should be well bonded tagether, ~Although Portland
cement, undoubtedly, made the best eoncpate,- where rapid setting
was required, a good concrete conld be obtained without the use of
cement. For instance, he had.frequently employed the Halkin
Mountain lime, and the eoncrete in which i was used set as hard
as rock. The character of the concrete depeaded upon the quality
of the lime, and the pro apportionment .of the lime to the
broken stone or shingle. men.hmc was uged the ¢oncrete would
not set so quickly as with Portland cement: :

Mr. F. J. BraMWELL said, it appeaned to -be assumed that
cast-iron was an improper material.ta be:used in the sea. He
should like to know, whether that bad been satisfactorily tested
in English waters, and alse whether the.applicability of that ma-
terial did not depend, very much, upon the quality of the cast-
iron; in other words, whether different nbswts had: obtained
from using grey or white iron. . . oo o0 -

Mr. BeArDMORE fully agreed. with, the comeluding observation of
the Paper, that everything must bave ita-own special application.
With regard to the adapability of /thia+form. .of -construction to
bremk'{vaters, he remarked that the term itself: implied a structure
requiring such prodigious strength, that it,was n carefully
to consider the circuwstances under whieh that form of coustrac-
tion was to be adopted. . Ile had eccasipn fa.inspoeet the works at
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the Albert Harbour somewhat critically, and he thought that,
regard being had to the local conditions, the plan was well chosen.
In the Clyde at Greenock there was but little sea exposure, a
heavy sea being in fact very rare. The worst evil that had to be
contended with was a rather strong current; but when the first
piece of work was finished, a cover was afforded against the cur-
rent, as far as any washing effect was concerned. The foundation
of the pier, generally speaking, was in the very strong °till* usual
in that part of Scotland, and was as good a foundation as could be
desired ; it was situated also advantageously for the excavation of a
trench suitable for the reception of the basement bed of concrete.
From his examination of the process of manufacture, he considered
that both the hydraulic lime and the wanufactured concrete were very
good. The plan he had found to succeed best in the manufacture
of concrete was, first to make & mortar of lime and sand, and then
to mix and incorporate this mortar with the coarser material. With
ordi Thames ballast, for instance, a far superior concrete was
made, by first sifting out the sand and blending it into mortar,
and afterwards mixing with the remaining coarse material, than by
making the concrete at once; by incorporation of the original
gravel with the same proportion of lime. The former operation
greatly improved the comcrete, and economized the use of lime, or
cement, especially if the ballast and sand were washed before they
were used. He had examined- the concrete at Greenock at dead-
low water, where the surface of lime was being washed by the tide,
and it appeared to be petfectly hard and sound. Even with an
iron bar, he could not detect anything like softness; in fact, in
that situation he doubted ‘whether there would be any wash at all,
so as to affect good hydraulic corcrete deposited in large masses.
This part of the work: was well below the ‘level of dead-low
water, where the - water- was eomparatively quiescent, and was
subject only to the motién within itself. The rise and fall of
the tide in the Clyde was very small, and there was scarcely a
variation of 2 feet in four or five hours. In some cases, the ex-
tent of tide created the mebessity for a high vertical wall, so that
great strain was thrown upon the work, as at Liverpool, where the
difference between the neaps and springs was as much as the whole
rise of the tide at Greenoc{: e

If be might give his opinion fairly upon this work—which he
presumed was the object of the discussions at the Institution—he
certainly looked with suspicion on the want of bond. On this point
he would strongly -adviteithe Author to be ceutious. In the con-
struction of a work like: Westminster Bridge, there were two faces
tied together, and -intimately consected by eross tics; in fact the
piers formed a wall with :two facdsy bat 'in-the pier at Greenock
there was a mass:pf. material 40 foet in width that might settle
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between the two walls, and the power that would be exerted on
the ties by a small settlement would be very great. Therefore,
not only was the strength of the ties important, but also the
strength of the grooved iren piles, as they became in fact girders
for sustaining the weight of the materials forming the bearting,
and for conveying the pressure to the thim facing stones, The
solidity of the structure in reality depended on the cast-iron piles,
which should be very strong, and on the wrought-iron ties, which
should be more numerous than might be deemed strictly

by mere theoretical considerations. With regard to the deteriora-
tion of iron in sea-water, his own eXﬁerience did not lead him to
anticipate much danger. No doubt, wherever there was sul-
phuretted hydrogen in the water, there- would be a tendency to
the decomposition of iron; but such cases were rare, and it was
more frequently found, that the iron was completely Protaeded by
incrustation, particularly when entirely under water. Iron exposed
to the tidal wash, and alternately wet and dry, was under another
condition, and where it was above half-tides it would waste to
some extent, unless it was well protected. The chief difficulty
in this plan of construction was, that the work was not open to
inspection as it progressed. In the- old-fashioned system of
laying course after course, either. by a. diver, or from a bell,
perfect bond was attained, and everything was seen. There
certainly .was the apprehension, that the comcrete might not
set thoroughly solid ; but he sup: that in this case the concrete
was tried at different depths. -It would, however, be necessary to
make up for the want of seeing what was geing on under water,
by ﬁiving great extra breadth and strength to the structure.

e thought there was little chance of any settlement in the
portion of the work he had seen. A length of between 300 feet
and 400 feet was finished, and it looked .good, sound work ; if
there had been any disposition to setthe there would have been
some signs of it then. It was a proper application of the plan for
the situation, but he should hesitata to it generally. It was
to be hoped that there would be an improvement in the mode of
carrying out similar large structures, as. at nt a great heap
of spoil had to be run out, unless vertical walls could be adopted ;
but that must be regulated entirely by the situation, and by the
judgment of the Engineer in charge of:the works. If the pro-
posed plan were generally followed, he would recommend a greater
number of ties, so as to afford a substitute for bond ; because the
plan meant the abandonment of bond,in the old-fashioned sense
of that term. : v

He had used, somewhat extensively, Kentish rag-stone, and
also brickwork, as a veneer, with a backing of concrete, formed of
ballast and Portland cement, in the propertion of about six to one.
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He had recently oceasion to pull down a wall, built in that
manner, about nine years previously, but he found that the work
was too strong to be broken up, so that he let the rough concrete
remain as the lower part of the wall, and trimmed off a face,
and then underpinned several feet in depth with brick piers, with
concrete forced in behind. In regard to the use of concrete in

foundations, it ought never to be forgotten, that the heavier
and larger the mass put in, the greater was its power of con-
solidation and chance of absolute and permanent setting into hard
rock. When good hydraulic concrete was used, in large masses,
the general mixture with, and surrounding of, water was a great
aid to the soundness of the work.

Mr. F. W, SHEILDS said, he had known a mass of concrete 9
feet square, when taken up, after having been deposited six or seven
months, to be quite soft, although made with the best lime. It
hardened, however, almost imnmediately on exposure to the air.
He thought Portland eement was much erable ta Roman
cement, and should be used wherever a first-rate concrete was
required. He had found ordimary masons’ chippings an excellent
material for concrete, and superior to gravel alone. When the
could be growred in * sufficient quantity, and were mixed wit
gravel and with a due proportion of Portland cement, a very
reliable material was obtained. He bad put in the foundations
of the tall water-towers at the Crystal Palace in that way with
the best results. He quite agreed that the want of bond was a
very doubtful feature in .the walls oconstructed’ upon -the plan
described in the Paper. - -

Mr. CoceBurN CORTIS eaid, the principal thing to be regarded,
with reference to the more extended a&plication of the mode of
structure advocated .in the Paper, was the situation in which the
works were to be placed, more particularly if proposed to be
applied to harbours of refoge. The most importamt peint in the
construction of harbours of refuge was the ‘lead’ of sea, and,
especially where concrete was concerned, the rise and fall of the
tide. }fe thought it would be sufficient to say, that the works
under consideration, and which were proposed as a model for .
others of a la character, were situated in a place completely
land-locked, and between 40 miles and 50 miles from Ailsa Craig,
so that the ‘lead’ of the sea was inconsiderable, not exceedin:
34 miles. The rise and fall of .spring tides was only 12 feet, anc
the difference between.spring and neap tides only 8 feet. This
showed, to those couversant with the subject, that this form of
structure, looking to the want of bond and other partienlars pre-
viously noticed, could:not be- applied in exposed situations, such,
for instance, as at Alderuey. - :

Mr. W. A. Brooxs saig; with: regard 4o the form of breakwaters,
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the Author had expressed the opinion, that the vertical wall was the
best, for resisting the destructive action of the sea, and that it took
the least amount of materials. This opinion was entertained by
many persons, and uppeared to be based on the belief, that a deep-
sea wave had only an oscillatory movement. He thought that was
an erroneous supposition ; because it was known that, in a gale of
wind, there was a pressure of from 801lbs. to 401bs. per square
foot, blowing for hours in one direction, and therefore the waves must
have a ive motion. It was found, also, that when the
wind shi}"':ﬂ(:fm one quarter of the compass to another, the sea
went down directly. If there were only an oscillatory motion of the
waves in deep seas, there would be mo o¢casion for ships to lay to
for fear of being ¢ pooped.’ .

The piers of the deep-water harbour at Kingstown were con-
structed with long slopes of 5 to 1, and the cost of the granite
used there did not exceed: eighteenpence per ton. Those ac-
quainted with quarrying knew, that with a ‘lead’ of only 2
miles or 3 miles, any rock might be quatried and put into the sea
at a shilling per ton. No doubt when the wall could be executed
at that cost, waters, or piers; with dong slopes were the best,
both as regarded strength and economy. - "Many millions of money
might have been saved to the country, if'the Engineers of the last
twenty years had followed the excellent rulés laid down by Smeaton,
Telford, and Rennie. In the veeent harbour works, it was proposed
to build them with vertical walls ;"'but ‘there was no work, except
the Admiralty pier at Dover, it which ‘that principle was really
adhered to. At Alderney the pier was & compound of the worst
forms. The substructure aided the progvessive motion of the
waves, while the vertical wall gave them a back sweep, which must
in time destroy the rubble foundation and'carry away the stones.
Nothing coulti' save the superstructare, ‘or vertical wall, but an
inmense addition to the foreshote, eventually making the Alderney
Pier a long-slope work. It was stated that the stones on the
rockwork slope were converted into boulérs, rounded from being
tossed up against the facework of thé masonry by the action of the
waves. That showed a bad-system of:construction. A great
mistake had been committed, in treating eertain small harbours in
Ireland, as being formed of piers with long slopes, whereas they were
not more than 24 to 1,0r 3 to 1. “If all had been 5to 1 or 6to 1,
no objection could have been raised to' long slopes. The late
Sir W. Cubitt had stated, in'one ‘of his Reports, that he deemed
Kingstown Harbour to be the best end cheapest work of the kind
in the British dominions, in -proportion’ to its size and extent.
That opinfon certainly did not favour thie system of construction
that was now adopted for public harbour'works. He had heard
with regret, that no refuge harbour'works for'the north-east coast
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of the kingdom would be assisted hy the Government until the
blic h:r%ours, now in course of construction, were finished.
E‘undreds of lives would, therefore, continue to be lost, before
anything was done, in places where those works were so greatly
needed. :

Mr. J. JENNINGS thought, as the method of construction then
under comsideration appeared to be greatly dependent upon the
iron ties, that the question of their durability was of the utmost
importance, as well as the extent to which ron bond might be
advauta%:eously made use of in concrete work, and, whether in the
form of hooping, or of rods. \When he had cut into work where
iron had been used in concrete, he had found the iron decayed to
a considerable extent; but, at the same time, a hard metallic
compound bad been formed. round the iron, which might lead to
the supposition, that it would not decay throughout its whole
thickness. With regard to the manufacture of concrete, recent
experiments tended to show, that if made with a much smaller
quantity of water than was, ususlly employed and sufficiently

unned, as hard and compact a substance as limestone would be
ormed in a short period. This, of course, was a point to be
determined by experience. :It was said that & labourer eould only
Kuroduce two or three yards of .concrete on that principle in a-day ;

t although such aun amount. of labour would cause an increase
in the cost, yet this would be compensated for, hy the better
quality of the matgrial.. . He had used Roman cement for concrete
twenty years ago, and:the result of his experience was, that
concrete formed with. that cement was very satisfactory and stood
perfectly. The setting of the concrete was as perfect as could be
desired, although the fide. came over it within a quarter of an
hour after it was deposited. :

Mr. Jors WRIGHT said, in, reference to the use of concrete, in
large masses, when depogited woder water, that some years ago he

built a wall which was 5 feet or 6 feet under water at low
tide. That wall had a facing of brickwork 18 inches. thick, and
the backing was entirgly.composad of Portland-cement concrete.
The turn of the tide was.excgedingly. quick and strong, and it
washed over the concreta shortly afier it was laid. The concrete
he referred to was madg. of eight parts of Thames ballast mixed
with one part of Portlapnd cement, and it was deposited in.the
water immediately aften it was made. It was not mixed by ma-
chinery. Three or foyr years afterwards, when it was requisite to
take down a considerahle,portion of thas wall, he had an opportunity
of testing the quality of the concrete. It was then found to be as
hard as solid rack,. s tha, the remaval of the wall was & most dif-
ficult operation, and,.an, emarmous quantity of gunpowden was
consumed in, blasting: ity... Therefore .be. was. sure that well-
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made concrete was a very suitable material for works of construe~
tion, whether under water or not. Where there was not a great
depth of water, he had found it an excellent plan, as soon as a face
could be established against the water, to force in the concrete at
the back, and keep pushing the face on, In this way, the concrete
at the back did not come in contact with the water, and the sur-
rounding water was not even coloured. When the water was
charged with silt, mud or dirt would be deposited upon the con-
crete, 80 that the next layer would have a tendency to slide upon
it, and would not bind with the mass below, unless the surface was
cleaned. As a further illustration of the efficiency of concrete in
large masses, Mr. Wright referred to the sea-walls he had built at
Brighton. Some parts of those walls were 70 feet in height, and
had already stood between twenty and thirty years, without at
present giving any indications that they would not endure many
{eam longer. The composition of the concrete in that case was
ime and sand, in the proportion of three to one, made into mortar
in the usual way, and one barrow load of that mortar was mixed
with a barrow load of beach shingle in the pug-mill, after which
the concrete was immediately pressed into the cases. As the
result of his own experience, he felt convinced that concrete was
generally made too dry. -He believed that it should be used when
in a fluid state, so that every particle might settle perfectly and
then set, and that the sooner it was depesited, after being made,
the better would be the result. .

The Paper opened a wide field for discussion, as to building
under great depths of water. On this subject he should endeavour
more fully to express his views upon another occasion.

Mr. J. BRUNLEES called attention to a design, made by him two
years ago, at the request of Captain Vetch, R.K. (Assoc. Inst. C.E.),
for a breakwater and pier at Point de Galle. 1t would be seen
that that design was almost identical with the system of construc-
tion now under consideration.

Mr. PARrkEs had found great difficulty in ascertaining whether
concrete, deposited under water, had properly set. Although it
might appear hard, when tried with iron rods, yet, in some cases,
if pieces were brought up out of the water, they were discovered to
be soft and ‘crumbly.’ He did not mean it to be inferred that
he had any doubt that concrete deposited under water might, in
the majority of inetances, turn.out very well, for he had formed
foundations in this way entirely to his satisfaction. But he did not
think that, at present, the theoretical knowledge of the action of
hydraulic limes and cements under water was perfect. It was
known, practically, that certain limes and cements would set in
water, but not under all circumstances. What were the conditions
necessary to insure success did not scem to be fully known. In
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any particular case, therefore, involving new conditions, there was
a possibility of some essential precaution being omitted, and after
the concrete had been deposited, it would be uncertain whether
it was good, or mot. It therefore seemed to him, that more than
ordinary care was required before such a system as that practised
at Greenock could be generally adopted. That such precautions
could be taken as would erisure success, he had not the least doubt :
but these would differ in each particular case.

With regard to the section of the pier at Greenock, an objection
had been raised, as to the want of bond between the granite face
and the concrete. It was in his opinion a fault, that there should
be two distinct walls instead of only one to support the superstruc-
ture, one for the face and another z)r the backing, but he did not
think that the two could be bonded together—that a concrete
backing could be bonded with a granite facing. The concrete
would either swell or shrink, and in either case the virtue of the
bond would obviously be destroyed. The most natural course
to have adopted would have been, instead of making the
face-work an integral part of the wall, and allowing the super-
structure to bear partially it, to have made it a mere
shell, so as to protect the surface, and to allow the whole super-
structure to rest upon the concrete. If the concrete set well,
it would be quite as good as second or third class masonry; if not
good, then it ought not to be there at all. It was contrary to first
principles, that the superstructure should rest upon two substances
so different in-their composition as perfectly dressed granite and
concrete. The piers of ‘the new Westminster Bridge had been
cited as a precedent for this principle of construction ; but in that
case there was an entirely-digerent feature introduced, as the whole
interior of the superstructure of the pier rested upon bearing piles,
the concrete merely filling in the spaces between the piles. He
* believed it was of the original design to use bearing-{)ﬂ&s at

Greenock, but that this was afterwards abandoned, and although
they were shown on one section (Plate 9, Fig. 3), he understood
the work had been executed according to the design shown on the
other section, so that the outer edges of the pier rested upon the
- casing, formed of granite slabs, and the interior upon the concrete.
No doubt the Author would be able to explain, why he had
adopted a facing of gravite of, he believed, feet thick, rather
than a shell, which might have been made of cast-iron plates; or
even wooden sheet piles would have been sufficient for the purpose,
which was only a temperary one, if the concrete were really good.

Mr. MILLER, in reply, said many opinions had been expressed
as to the béton, and instances were cited of its setting hard, like
solid rock, and requiring blasting afterwards to remove it, while
in other cases failure had resulted.” He was astonished that so
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much misapprehension should still exist as to this material. He
could only account for it by supposing, that the compounds in
prevalent use for common purposes, and also called concretes,
were confounded with the béton, or hydraulic concrete, as ap-
plicable to marine construction, and he attributed the failures to
the bad materials of which the concrete was composed. The
many occasions in which concrete had been successfully em-
ployed in works of this description were sufficient to establish its
value. Of course, in the preparation of béton, certain precautions
must be observed. The materials must be properly selected,
thoroughly manipulated, and duly proportioned to the work for
which the béton was required. If those conditions were attended
to, he considered that béton, whether made from the naturally
hydraulic limes, or from artificial cements, such as Portland, or
even the rich limes rendered hydraulic by the mixture of other
substances, such as pozzuolana, would, as certainly as there
was such a principle as chemical combination, be successful,
and would set like solid rock ; and that any cases of failure must
have arisen from the want of attention to these principles. Mauny
examples might be adduced of the deposit of hydraulic concrete
in sea-water with perfect success; but it was unnecessary to go
beyond the Greenock Sea Pier. The béton used in that work
was made from materials obtained within a few miles of the spot,
and it had set bard in a short time. It bad been doubted whether
the whole mass was consolidated throughout; but the answer to
that was, thatit had been often tested, by means of iron rods, which
even shortly after it was put down would not pierce it. It had
also been examined by divers, who, when it happened that too
much was deposited in one place, preventing the granite blocks
from being properly bedded, found great difficulty in picking it
away. The best test, however, of the uniform setting of the con-
crete was to be found in the stability of the walla. It was only
natural to expect, if there had been any irregularity in the setting
of the béton, that the walls would have shown symptoms of settle-
ment : but nothing of that kind had been noticed. With regard
to the observations, as to the danger of depositing concrete in
exposed situations, where it was apprehended the action of the
waves might, to a certain extent, wash out the lime, leaving only
the gravel and stones, he remarked that this would not take place
unless the concrete was put down in thin layers, and in that state
wasallowed to be acted upon by the waves. It should not, however,
be employed in that manner, butin large masses, and continuously ;
and though it was possible that some of the lime might be washed
out from the surface, yet this would be replaced by the mass of béton
that followed, so that the homogeneousncss of the whole mass
would not be injured. In illustration, he exhibited a specimen of
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the concrete, taken from the most exposed part of the Greenock
Pier, which had been laid in a soft state, and was afterwards
washed by the waves. In point of setting firm, nothing more could
be desired. That concrete had been put down in a wet state, and
was e:Kosed to the action of the waves during the whole of the
unusually stormy and severe winter of 1862-63, when several ships
were driven from their moorings, in the vicinity of the harbour
works, and the large steam dredger was wrecked on the new pier.
This specimen showed that the danger to be apprehended from
the washing out of the lime was not so great as had been supposed.

It had been remarked, that the system of casing adopted at
Greenock did not give safficient bond to the rest of the work. He

uite agreed that, in many cases, it might be beneficial to adopt
the system of bonding, and in fact it was upon that plan that the
pier at Greenock was originally intended to have been built.
However, the particular style of casing to be adopted would
depend upon local circurnstances, and upon the individual opinions
of different Engineers. It was also said that, in any case, the
facing could only be looked upon as a veneer, without proper con-
nection with the rest of the work. He could not admit that ; be-
cause it was efficiently held in position by the iron ties. Besides,
he considered that if the concrete set thoroughly, as it would not
fail to do if properly made, both it and the casing must together
form a solid wall, as ‘muech as an ashlar facing did with a backing
of rubble masonry in ordinary walls. As to the probable decay of
the tie-rods, the great durability of iron when so imbedded was
well known. But, whether or not, the tie-rods had only to serve a
temporary purpose, inasmuch as when the concrete became con-
solidated they would not be required.

A great deal might no doubt be said for and against any new
system of construction ; but the best evidence of the plan advocated
~ in the Paper was to be found'in the success of the works already
completed, and of that'success it was open to any one who chose
personally to satisfy himself, by paying a visit to Greenock. With
regard to the application of the principle to the construction of
breakwaters, he considered it had been sufficiently tested to justify
the further extension of the plan; and it must be recollected that
the Greenock sea pier was essentially a breakwater. In the con-
struction of similar works in more exposed situations, it would only
be necessary to make them stronger in proportion, and to take
precautions’ according to the circumstances. There might be
danger to the concrete from the action of the waves in & stormy
sea; but he proposed to build the work in sections, with cross
walls, or casings, at given distances, so that the facing and the
béton work would be earried on together, and in that way the
concrete would ouly ‘be ‘exposed to the wash from the surface,

[1862-63. N.s.] 2¢
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which he had shown was not very serious. Breakwaters had been
constructed of timber frames filled with loose rubble stones, and
these had withstood, successfully, the assaults of the waves A
structure of wrought iron with a stone casing, even though filled in
with only loose rubble, would be much stronger than this; but
when in addition the interior mass would be concreted like solid
rock, he submitted that such a structure would combine all the
conditions required for attaining the greatest stability and durability
in the construction of breakwaters.

In pursuance of the notice on the card of the Meetings, it was
proposed, and resolved unanimously :—

¢ That in order to insure a fuller attendance of Members than
could be obtained on Easter Tuesday, the Meeting be adjourned
until Tuesday evening, the 14th of April.”
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April 14, 1863.

JOHN ROBINSON M‘CLEAN, Vice-President,
in the Chair.

The following Candidates were balloted for and duly elected :—
WiLuiay Dext Dent, M.A., JoserH FoGERTY, JOHN LEWIS,
GEoRGE WigHTWICK RENDEL, and THOMAS CHARLES TOWNSEND,
as Members; HENRY WiLLIAM FERDINAND BorLckow, HENRY
BoLpEN, OWEN BoweN, CHARLES WILLIAM ROBERT CHAPMAN,
JoHN Davis, CHARLES GOTT, CHARLES TOWNSHEND HARGRAVE,
CHARLES LOWINGER, RICHARD CHRISTOPHER RAPIER, and ALFRED
RuMBALL, as Associates.

No. 1,090.— Description of the Line and Works of the Scinde
Railway.”! By JorN BruntoNn, M. Inst. C.E, F.G.S.

So far back as the year 1842 Sir Charles Napier, the conqueror of
Scinde, acknowledged and publicly urged the vast importance of the
valley of the Indus, as the route for military as well as for commercial
communication with the Punjaub and the North-West Provinces of
India. He never ceased to press upon the Government the neces-
sity of establishing new modes of conveyance, and pointed out
Kurrachee, then but a small fishing town, as the port to which the
traffic would infallibly tend.  Acting on this conviction, and as a
first step towards carrying out these enlightened views and im-
proving the port of Kurrachee, Sir Charles Napier designed and
commenced the long mole across the tidal marsh, which separates
the town of Kurrachee from Keamaree. This mole still bears his
name ; and at the point to which it had been carried when he left
Scinde, and from which he embarked on that occasion, a small
obelisk is erected recording these facts.

Nor has Sir Charles Napier been the only eminent man who has
pointed out the natural advantages of the valley of the Indus, as
the route of communication with the Punjaub and the North-West
Provinces of India. Amongst the many who have recorded their
opinions on the subject may be mentioned Lord Dalhousie, Sir

enry Pottinger, Sir John Lawrence, Sir Justin Shiel, General
Jacob, and Sir Bartle Frere.

]

! The discuseion upon this Paper extended over portions of two evenings, but an
abstract of the whole is given consecutively. 92a¢2
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In the year 1849 the Government recognised the necessity of
introducing into India the improvements in communication which
were offered by railways; and the two great lines,—the East
Indian and the Great Indian Peninsula,—were inaugurated, with
a view to open up the districts having the two great ports of India,
Calcutta and Bombay, as the outlets for their produce. The suc-
cess which attended the ntee system, as affording facilities for
raising the capital for Indian railways, was at once evident, and
the importance of extending it to other districts was acknowledged.

Attention was immediately drawn to the Indus Valley route,
having Kurrachee as its sea terminus; and a concession having
been granted to Mr. W. P. Andrew in 1855, a company was
forme«fr called the Scinde Railway Conll{mny, but embracing under
its management not only the Scinde ailwa!‘;aproper, or the line
from Kurrachee to Hydrabad upon the Indus, but the Punjaub
line, from Moultan to Lahore and Unritsir, and a flotilla of steam
boats on the river, with a view to complete the through communi-
cation. (Plate 10.) Three distinct capitals were originally raised,
under the following titles:—1, The Scinde Railway; 2, The
Indus Steam Flotilla; and 8, The Punjaub Railway. The
accounts of these sections are kept perfectly distinct, while eco-
nomy and harmonious working are secured, by the concentration
of the management in the hands of one board of directors. Within
the last three months, another section of this great scheme has been
intrusted by Government to the Scinde Railway Company. It is
called the ﬁelhi Railway, being an extension of the line from Um-
ritsir to Delhi, where it will form a junction with the northern ter-
minus of the East Indian Railway. The lengths of these sections
are resKectively ;—Scinde Railway, from Kurrachee to Kotree, on
the Indus, 108 miles; Indus Steam Flotilla, Kotree to Moultan,
570;' Punjaub Railway, Moultan to Lahore, 222, Lahore to Um-
ritsir, 32 =254 ; Delhi Railway, Umritsir to Delhi, 300. Total,
1,232 miles.

It is to the construction of the first section of the line, between
Kurrachee and Kotree, (Plate 12,) that this communication is
specially devoted ; and it is hoped that the facts thus recorded may
be useful, not only to the Engineers whose profcssional labours
may lie in India, but also to those Contractors who may find it their
interest to undertake the execution of the great works which the
extension of the railway system throughout India will infallibly
render necessary. Although this section of the entire system is
the shortest, it constitutes, as has been graphically observed, ¢the
neck of the funnel’ Over it must pass, not only the whole of

1 This distance being measured upon the river is, on account of the windings,
fally 100 miles more than the direct line by land.—J. B.
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the existing traffic, but as the other sections are completed, the
developed commerce of this vast territory, hitherto locked up, will

ur in upon it, taxing its capabilities as a means of communica-
tion, and, doubtless, realising the sanguine anticipations of its pro-
moters. '

Kurrachee, the western terminus of the railway, is situate in
lat. 24° 47’ 21” and long. 66° 58" 15", and is not only the natural
port of Scinde, but also of the Punjaub and of Central Asia. The
El;n, (Plate 11,) shows its form. Like many other land-locked

bours, it has the disadvantage of a bar at its mouth; but,
nevertheless, the depth of water upon the bar at ordinary tides is
sufficient to admit e£1i drawing 17 feet to 18 feet, and at spring
tides, ships drawing ;15 feet have passed in with safety. \K’r n
once within Manora Point the depth of water is much greater,
as is shown by the soundings ‘upon the plan. The fast-increasing
traffic of the port, and the large size generally of the vessels
trading there, g:manded that some measures should be taken to
increase the depth of the water over the bar, thus rendering the
entrance to the harbour available at all seasons ; and that, by the
erection of wharves and other appliances d by modern
science, greater accommodation should be afforded. ith this
view her Majesty’s Government, in 1856, applied to the late
Mr. James er, F.R.S. (Past-President Inst. C.E.), for a
Report upon the subject ; and in 1858 he submitted plans, sections,
and estimates for various sug, improvements. These recom-
mendations were accepted by the Government, and immediate steps
were taken for ing tl{em out. The a?-oyne shown at A,
(Plate 11,) is nomanced for about one-half its proposed Iengh,
and the result already is an increased depth of water on the bar.
There is no doubt that when the works in progress are completed,
Kurrachee Harbour will take a high as a safe and com-
modious port.
_ The d})opulation of the town of Kurrachee is about 60,000, and
is rapidly ncreasing. The number of vessels entering and clearing
outwards is shown in the following Table :—

Arrivald, Departures. Total.

No. Tons, No. Tons. No. Tons.

Year.

185455 | 1,086 56,605 | 1,108| 58,194 | 2,189 | 114,889
1858-59 | 1,589 | 131,311 || 1,654 | 138,176 || 3,243 | 269,487
1859-60 | 1,656 | 148,096 || 1,577 | 142,647 | 8,233 | 290,743

The principal articles of export consist of oil seeds, and grain
of all sorts, wool, cotton, hides, indigo, munjeet, drugs and dyes,
raw silk, fruit, and saltpetre. The import trade comprises cotton
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piece goods, woollen goods, malt liquors, railway materials, metals,
wines and spirits, tea, coffee, timber, f)ipe staves and casks, regi-
mental necessaries, spices, fruit, oilman’s stores, and wearing
apparel.

;ﬁle following Table shows the increase of the import and export

trade :—

Year. Tmports. Exports. Total.
£, 2, £,
184344 121,150 1,010 122,160
1844-45 217,700 9,300 227,000
1845-46 812,900 40,500 353,400
1846-47 293,400 49,300 342,700

184748 287,872 154,780 442,602
1848-49 844,715 107,133 451,848
1849-50 419,352 114,378 538,730
1850-51 425,831 196,461 622,292
1851-52 489,220 244,122 738,342
1852-58 535,690 876,837 912,027
1858-54 . .
1854-55 604,000 629,000 | 1,233,000
1855-56 628,913 604,440 |1,

1856-57 685,665 734,522 | 1,420,187
1857-58 | 1,081,101 | 1,078,128 | 2,159,229
1858-59 | 1,540,605 | 1,044,272 | 2,584,877
1859-60 | 1,712,751 947,885 | 2,660,086°

Within the last two years, a large number of European and native
mercantile firms have established themselves in Kurrachee, and
have erected extensive warehouses, in order to meet the rapidly
increasing trade of the port. Her Majesty’s Government has found
it necessary to erect a new and more commodious Custom-house ;
and the harbour improvements now in progress include not only
the deepening of tEe water on the bar, %mt greatly extended
wharf and qua{ accommodation, The Scinde Railway will com-
municate directly with these wharves and landing places, and a great
improvement in the system of loading and gischarging cargoes
has already been introduced, and is dai y making rapid strides.

Hitherto all commercial communication with the upper districts
has been carried on by native boats on the Indus, or g cafilahs of
camels. No roads worthy of the name exist. Until the opening
of the Scinde Railway these river boats were accustomed to stop
at Khettie, a river station at one of the mouths of the Ind_US,
(Plate 10,), and there discharge their cargoes into native sea-going
craft, which conveyed the greater part to the port of Bombay,

! There are no exact returns of the sea trade for 1853-54.

? This return is for eleven months only, .

» The trade of 1862-63 has amounted to £3,500,000 in the nine months, and is
estimated at £5,000,000 for the whole year.
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only a comparatively small portion reaching Kurrachee. The
import trade had to struggle with the same impediments, increased
by the slow progress made in ‘tracking’ the boats up the Indus,
against an average current of 3 miles, or 3} miles per hour, and a
portage at Sukkur of 1} mile. During the prevalence of the
south-west monsoon, lasting from May to September inclusive,
even this wretched and dilatory system was suspended, paralysing
commerce and creating an indescribable amount of expense, in-
convenience, and irregularity. The formation of the Scinde
Railway, and the improvement of the port of Kurrachee, have met
all these obstacles, and will open up & magnificent field for com-
mercial enterprise, introducing civilisation, with all its attendant
benefits, to a district inhabited by millions of human beings hitherto
shut out from its influences.

On the 29th of April, 1858, the works of the Scinde Railway
were commenced by Sir Bartle Frere, K.C.B,, then the highly-
respected Commissioner of Scinde, who wheeled the first barrow-
load of earth into an embankment in the neighbourhood of Kurra-
chee. The contract for the execution of the whole of the works was
originally let to Messrs. James and Edwin Bray ; but in June, 1859,
the line was taken over by the Company, and the works then
remaining to be completed were executed departmentally by the
Engineers, Inspectors, and other officers of the ompatllay. ithout
entering into a statement of the causes of Mesers. Bray’s relin-
quishing the works, which at present form a subject of legal refer-
ence, it will suffice to say, that when the Company’s Engineers took
possession of them, they had to encounter difficulties which were not
due entirely to the peculiarities of the country. There was a great
dearth of tge ordinary railway plant: irregularity in the payment
of the native labourers of all classes had driven many away,
and had caused an unnatural and serious rise in the rate of
wages. To meet this position of affairs, and to secure the econo-
mical execution of the works, a fair tariff of wages, at a reduc-
tion of fully 25 per cent. upon those which were paid by Messrs.
Bray, was published by the Company’s Engineers, and daily pay-
ments were nteei. This had the effect of drawing a consi-
derable number of labourers to the undertaking.

The Province of Scinde contains but a sparse population, which
is principally located on the low-lying alluvial land on the banks of
the river, where the rich earth yields ample returns with a mini-
mum amount of labour. The Scindee, born and bred on these
plains, is naturally indolent and devoid of muscular power; at the
same time he is not deficient in talent, easily acquiring a know-
ledge of account-keeping and writing. The natives of the neigh-
bouring state of Cutch are a much superior race. Cutch sends
carpenters, masons, smiths, and skilled handicraftsmen to the whole
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of the northern portion of the Bombay Presidency ; and from thence
came a large majority of the skilled workmen employed on the
Scinde Railway. From the hill tribes of Beloochistan and AfF
ghanistan were obtained a hardy race of labourers; men of great
stature and personal strength, but wholly ignomnt of the use of
other tools than the powrah, (a large kind of hoe,) and a basket in
which to carry the loosened earth. Half-wild and unaccustomed
to the restraints of a more civilised state, these men required much
tact, and at the same time a strong arm, to keep them in order.
To secure and maintain discipline amongst such a body of men, it
was found advisable to organise a regular railway police force, con-
sisting of about 80 men. Police stations were erected at intervals
along the line. To facilitate the administration of justice the
Government appointed a special magistrate, whose duty it was to
move up and down the line, and to hear any cases which might be
brought before him. To these wise precautions may be attributed
the fact, that few outrages of a serious character occurred, the
majority of cases being petty thefis and attempts at im'r)eition.
This facility for obtaining justice, and the rapidity with which

nishment followed crime, were highly appremated both by the

uropeans and the natives.

In districts like Scinde, where the population is seanty, and it
becomes necessary to depend upon distant provinces for the supply
of labour, it is obviously wise policy to offer every inducement, not
only to secure, but to maintain such a supply. A higher rate of
wages than ordinary may, in the first instance, draw together large
bodies of men, but other arrangements are absolutely essential for
establishing contentment and permanence, Hardy as these
Beloochees and hill tribes were, and unaccustomed to anything

proaching luxury, th aﬁreawed' highly such attentions to
'geir feeding, sheer, an? health, as poliuyghng less than humanity
When it is borne in mind, that the course of the line

of railway lay at a considerable distance from existing towns, or
villages, onl pa'mglthrongh the small village of Jemedar-ke-
Landi, and leaving the important towns of Tatta and Jerruck at
distances of 10 miles and 17 miles ively,—it will be seen,
that a difficulty arose in obtaining food for the large masses of
men congregated at the various heavy portions of the works.
This was met by the Company licensing a number of bunians, or
native provision merchants, to establish themselves at various
points alo the line ; their scales of charges being regulated by a
nerrick, or list of prices, settled by the nearest kardhar, under the
orders of the railway magistrate. To supply the workmen with
wholesome water for drinking was equally ‘imperative. When
this precaution was not observed, the men were under the necessity
of using such water as was most easily accessible, and as it was
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generally of very bad quality, the results were cholera and fever of
a bad type. A regular system of water carts and bullocks was
first organised, and as the railwaf m{)rog'rased, water trains were
dispatched from the Mulleer, the Indus, and the Bahrun, to meet
the daily requirements of the men. It was remarked, that a supply
of wholesome water was always followed by the disappearance of
the diseases above-mentioned, and more particularly of fever. To
protect the men from another source of fever, mat huts were
erected, which sheltered them from the heavy dews, and rendered
them more comfortable and contentéd. To afford medical aid in
cases of sickness, or of accident, permanent hospitals were erected
at Kurrachee and Kotree, under the charge of the civil surgeons of
these stations; and in addition, two temporary hospital buildings
were erected at Joong Shaie and Doraji Gore, under the charge of
a resident apothecary. These arrangements were very successful
in preserving the health of the emnﬁoyés of the Company, both
European and native, and in cases of accident, they were doubtless
the means of preserving many lives.

The natives work ip gangs, under a self-elected muccadum, or
ganger, whose orders they cheerfullg obey, and to whom each man
fays a stipulated small per-centage from each rupee earned by him.

t is through the muccadum, or ganger, that all agreements are
made for work, and it is he who receives the amount of the earnings
for division. There exist also, in Scinde and in the neighbouring
States, native landholders who, by inheritance, are chiefs of large
districts of country, and are recognised by Government as possess-
ing a sort of feudal right therein. They are heads of clans, and
as there is no longer any necessity for summoning their vassals for
defence, or for otizr less lawful objects, they find it their interest
to use their power for the purpose of supplying labourers to any
large public work, receiving a small remuneration in the shape of
head money. In the year 1856, while acting as Commissioner in
Scinde, during the temporary abeence of Sir B. Frere, General
Jacob, recognising the demoralising influences which attended the
system of compulsory labour, proclaimed all labour in Scinde to be

ree. 'This edict is highly prized, though sometimes taken advan-
tage of and .abused, by the Y:bouri classes.

The departmental execution of the works gave the Engineers
and other officers engaged, favourable opportunities of becoming
acquainted with the capabilities of the various classes of natives,
as well as of ascertaining the cost of each description of work.
When work of any kind was executed by day labour, it was found
that its economical execution entirely depended upon the energy
and honesty of the muoccadum, or native overseer ; but these good
qualities were so rare, that it became necessary to resort to the



