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' GOVERNMENT OF MADRAS.

PUBLIC WORKS ‘DEPARTMENT.

Railway.

Read again the following paper :—
G.0., dated 27th June 1890, No. 930 R., Public Works,
" Read again the following paper :—
G.0., dated 2nd April 1890, No. 464 R., Public Works.
~ Read again the following paper :—
G.0., dated 13th March 1890, No. 859 R., Public Works.
Read again the following papers :—
G.0., dated 11th January 1890, No. 31 R., Public Works.
From the Consulting Engineer for Railways, dated Madras, Sth January 1899, No. 9.

From the Agent, South Indian Railway. to the Consulting Engineer for Railways,
dated Trichinopoly, ¢ 1d January 1890, Nof 5.

Referring to your letter, No. 861, cf the 19th September 1889, I beg to forward,
herewith, proposals regarding the Pennér bridge on the Villupuram-Guntakal Railway,
together with three drawings, and I shall be obliged by your communicating to me
early orders of Government thereon. '

—_—

A ENCLOSU@, |
VILLUPURAM-GUNTAKAL STATE RAILWAY.
Proposals for Bridging the Pennér viver near Pamidi.

The river Pennér takes its rise in the Mysore territory within abouf twenty-five miles of
angalore and from its source to the propose

* About 24 miles south of Guntakal. Crossing * ofjthe Villupuram-Guntakal Railway,

e Aeir®” ) 1t trayerses about 130 miles measuring along its
general direction without following all its windings. The drainage basin has an average widt

of about twenty-five miles and an area of 2,835 square miles, as shown on the accompanying

f : map,+ From thisit will be seen that the basin 18

t No. 59. l9ng‘and narrow, the river Being fed from h}lly

! . sides, which, it may be assumed, discharge into

i * the main channel with vonsiderable rapidity.

9, Examinations of and investigations in connection with the river crossing were conducted

j‘i . under My Tambert} who prepared the proj e}ft
g % Chief Engineer of Bellary-Kistna State Railway- for the Hindupur extension, of which the
1 " Dharmayaram-Guntakal section 1formls_ the
¢ } northern part, and a bridge of fifteen 100 feet girder spans was proposed and inciuded in his

estimates, %ut further study and investigations point to a larger provision of waterway being

necessary- . ‘ L

3. Tt seemed to me possible, when inspecting the locality, that a better crossing could be
B obtained about half a mile higher up the river, when it is hemmed in by & high rocky hill on th’e
couthern bank, but further tonsideration leads me to recommend adherence to Mr. Lambert’s

original proposal, which was, I understend, approved by Sir Gruilford Midlesworth as on the
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* whole best suited to the ci
fuibelvd ha aher donmifiré’?tﬁst,’:,“‘?s of the case, one of which now is that any alteration would
nsiderable Jength of railway embankment already formed to

the north of the erossin i
of 88 ¥in, ‘sonckces 8, and in thege Views Major Gracey, Superintending Engineer of that part

4. The rocky hill bef
deflects the river {o the no::ﬁ,mfemd to on the south bank of the river,

i acting as a gro
below the rocky hill i GusIng a hegyy gpill over the northern bank. T}g groyns,
sstlaat bankyis lowli ;v(fll defined Jeavy sp 1e southern bank

. L BG s to'g great extent elevated above flood level, b
| 5 Tha ks E.lhelvmg both gt and above and below the crossing. b
. . e
on the north bank in higl?ﬁ?;)g:d’ PToper, gt the proposed erossing is 2,400 foet, while the spill
5,250 feet with an average depth B;tends for 2,850 feet farther, making a total flood width of
B PR of 4% feot of water when the river is in high flood.
- Opposite the rocky hill on .

the river bed is about 1 the South hank about half a mile above the rail i
; 80 ank abou : ove the railway erossin
aggregating 4,000 lenial-feet(.) foet ang the spill 2,200 feet wide, the waterway in flood thegI;
_ About 1
which there
feet._

" 7' The pro sed L . .
spread is grea,t;p(:md ?&?éﬁg I (;heref(,re’ at an unusually wide part of the river when the flood-
the northern, exposed to ay er’d uced wherg it is well protected on the southern side and on
18 anticipated, , ide shallgy spill, in dealing with which ne special difficulty

3 miles d upf
e fz?ovx'; tlslt:e::n;t from thq proposed crossing opposite the village of Pamidi,
orthery bank, the river is econfined to a width of about 1,700

8. In the ‘orie; L
executed as g fanﬁf;’_’f:hg;"gf"tk (M. L“mbert’s) a long training bund is provided and was
ennér 80 as to deflet the 8 (;11\ babov.e the gynroach to the bridge on the northern bank of the
heavily piteh the upstream P}d ack ing, theli-li)ver In addition to this work, it is proposed to
A long nulla diversion sho ro oot the mi Wq embankment where it comes within food limits.
famine labour and so f; Y2 on the play oy ythe north side of the river, was also carried out by

ar it g -
1t has got nto trajy, and worked very salisfactorily.

9. The Pennér
I 18 eressed by the Maﬂm Railway about twenty-five miles lower down than

the Villupuram-Gunt k i
hR&ilway bridge has b‘;eii‘ ﬁﬂ'l“’ﬂy orossing, and the following data connected with the Madras

i Aly furnigheg by Mr. H. K. P. Carter, the Chief Engineer of that
Drai:ii.geayarea of river Penp, B e Mndras
ve Ma ;
Fall of x-%ver bed L i vee 4,600 sq. miles.
ean velocity RO L I w. 636 ft. per mile.
%f::hgf gs::ct.ion to H. F, I;e.;;-e] L ](833 lfi;. perf:econd.
e Taa TP ALY T ee ) ;s Bq‘. .

: d'ras Railway bridge (13] x 1] 137863710 (;.lftf. per second.

To this discharge D = 500 A/ v2 1, neal ft.

obtained being 50y j
3‘1 cubic feet pger 80001113
Colonel Colleyer for the

place of the 505f Ryves’ formula very mearly applies, the coefficient
are 9% the formula, and the discharge is equal to about
actual dischgy emlle drained. A result very similar to that obtained by

8 of the Paldr with an almost equal area.

10. Apply mg Ryveg’ fo

rmulg * ..
u* with efficient 508, to the drainage area (2,835 square
*D = 508 d, miles) above the proposed Villupuram-Guntakal
feet por il : Railway bridge, the discharge arrived at is
108 2]3‘-8 mile drained ; again workip 101,787 cubic feet per second, or about 85 cubic
»279 eubic feet per second, thus\g out the discharge from the foflowing data the result is
L]

Fall of “rjver bed per m

ile at V; :
Gl}ntakal Railway crossing lllupmn.l_ =
Maximum depth of flood w2 K R 96 it.
M%lp £ f{f section to H. p, gt % Tt
iver be A
Spill on nofth bank T e .. 16,622sq. ft. H. M. D, 693 ft.
Velocity by Kulter's formula— S8 et b 8015 % a5 L 4'86. s

Bed portion
Spill 4, &//;.'.'.' “*wu .. 895 ft. per second.
Bed digcharge ... | Twed . 80T
Spill -, aeinisiadh gl | 80,007 C. ft.

ey e ) ”

Total, dlﬂeha)ge soa ]08,179 »
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his discharge is equal to about 38 cubic feet per mile drained.

11. The waterway required is therefore
o 105,170 _ 2,084 2,064 * lenial feet with a velocity of‘7§ feet
oy per second and an average depth of 7 feet.

12. T observe that on Mr. Liambert’s original section he provided a bridge of fifteen 150 f_eet
girders spans = 2,250 lenial feet, although he estimates for only fifteen 100 feet spans = 1,500
lenial feet, but this would not span the main part of the river by about 900 feet and would cause
a head and scour which ought to be avoided in a river of such a volume flowing along a sandy
bed in which it is of importance to prevent heavy scour round the piers of the bridge. :

I therefore venture to recommend a bridge of about 2,000 lineal feet of waterway, which
would, not, it is thought, cause any dangerous heading up the river.

18. Bridge.—There ean be no doubt that the bridge should be founded on wells and I propose
that each pier should be earried on one 20 feet drain masonry well corbelled out at top to t'ako
the pier; the masonry of which would be 19 feet 6 inches long with cutwaters each projecting
4 feet 9 inches. The pier would stand about 25 feet’ above the top of the well. The borings
taken under Mr. Lambert’s orders are shown on the accompanying section, and are all reported .
to have Yeached rock at depth varying from a minimum of 32 to a maximum of 983 feet.

Taking 2,000 lineal feet as the minimum aggregate length of bridge, the choice of spans
lies between —

(1) 10 spans of 200 feet = 2,000 lineal feet.
(VL onil QIBDE ;- e SR00 ¢,
B AT 0N, = TR0 - N ST 050 Uy,

14. The comparativ'e astlinates® of tlired bridgéS_ of the foregoing spans, excluding abutments
which are common to all, show that in round

* See Appendix. ¥ numbers s
10 spans, 200 lineal feet would cost Rs. 6,30,000 or Rs. 315 per lineal foot.
14 2 150 ” 9 » 5,7‘53000 or 4, 214 & s »
17 ” 120 2 LE] " 5’07;000 or ,, 276 ” ”»

From this it appears that, taking the estimated costs of the different spans, without consi-
dering or allowing for the extra risk and uncertainty in those in which there are the greater
number of wells to sink in the river bed, the cost of the 120 and 150 feet spans is practically the
same and considerably cheaper than the 200 feet spans. Taking into consideration the greater
elements of uncertainty in larger number of well foundations, I believe that the 150 feet spans
will prove the most economical and I recommend that a bridge of thirteen 150 feet spans
aggregating 1,950 lineal feet of waterway be adopted. )

15. I shall be obliged by the issue of early orders, ag it is important to get an immediate
start with the work.
16. I propose to build the 20 feet wells of stoneWork laid on wrought iron curbs, which, in

order to save time, ought to be made 'in this country, and I agk sanction to making arrangements
at once for their manufacture in India.

17. Tf Government approve of the proposal to adopt one 20 feet well for eac]‘). pier, the same
size :Zd design of well cm}')l? will be reqluired, whether the spans deoid.ed on are 200, 150 or 1zto
feet. If it is considered necessary that further investigation is reqmrpd bqfo_re tl}e aggrfafg:,he
span of the bridge is decided on, there need be no delay to the work while this is gomhg on, lt X e
individual span to be adopted is settled, for the work could at once be commenced at the southern

and defined bank of the river,

g i DAVID LOGAN
: (Signed) Chief Engi’neer.

: Submitted to Government, with reference to its Order, No. 993 R., dated 13th

September 1889.
9. I concur in the rec

it be submitted to the Government
the construction of well curbs in this country,

datién of the Chief Engineer and recommend that
(;:‘rr]ﬂ;l; of India with a request that sanction, at least for
be communicated by wire.
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Order—dated 11th January 1890, No, 31 R., Public Works

Ordered to be forwarded to the Government of India with the request thaf

sanction to, at least, the construet .
s g io ) in thi y if the desit
for the piers is approved, be commul;;fazz((\lnbgfu&i;n this country, may, if the desigh

(Here enter No. 39 R, dated 11th January 1890.)
(True Extract.)
(Signed)  C.J, SMITH, Colonel, R.E.,

Joint 8ecy. to Govt., P.W.D,
Railway Branch.

" Endorsement—dated 11th J anuary 1890, No. 32 R., Public Work
| ‘ v ic Works.

Forwarded,

(By Order,)

(Signed) €. J, SMITH, Colonel, R.E.,
Joint Secy. to Govt., P.W.D-
Railway Branch.

Department, Railway po. 0 1€ Government i ke
Tndia, Public Workzybfmtc;, to the Seer_eta:; o “;‘;:S’G]E’,‘;L’l;“;nz,‘fé’ g
Our 32 R,, 11th Janug ent, dated Madras, 29nd January 1890.

you : ry, Pe : :
geaso??v(x:l:ﬁ: - el ridge, vmu})uram-Guntakal Extension. If
P rmission to order well curbs. This

design of pie
: ends on prompy T please wire pe
of each span can P sangtion for this, Aggregate waterway and length

be di
18cussed subsequently if necessary

———

G.0., dated Tth February 1890, No 201 R

From the Consulting Engineer fo, Rail » Public Works,
ai

w ~
0. g:);f, dated Mad“‘s; 3rd February 1890,

From the Agent, South Indian

Rai
dated Triching way, to the Consultin 1 i
J LT Thtmony iy poly, 15th J g Engineer for Railway®

‘ anuary 1890, No. 64

of three letters written 1 g Engineer T fo gy
. : r

portuin of lﬁhe VillupuranzGlf[xz]tgigrgeey, Supexzzgntﬁ %031[13 E: hern

n submitting these 1 tate Railw Engineer on the Norther
“Whiti facting i1 © letters the (;of Enginig; wrote to :

Nos. 50 and 73, and duly eorpe, TWad o ek

. consi ed with ab
was sent to Major Gracey, a’;?;dﬁr:%:;helm when m:k?:ge (E:Otad letter, T had received his letters

lotters forwarded, T d ol e recommendat: ;
“If the dischar zso, (ll)ut 1 see no reaw;’: tl(:l response t{ereto; M"Iﬂi&fﬁong, & 00py (if wmhis
crossin ge and velocity of th. .. nodify my y ¢ has asked to have
8. are what Major Gracey oo he river Penng cepmmendations,

than less, waterway than T haye ProPoseltites, there is, inr 4 the Villupuram-Guntakal Railwey

“As regards t i Y opizio .
aPPl'oxinmtegonly. R, eetimates, they were put forward f B, necessity for more, rather
or pu

“I do not consider ; i
v 1t required m
ihﬁ officers undgr my orders,qon ev: R to forward re resentati m
ave done 80 in the present cage Onry Octasion on whie ations ang copies of letters o0

an : heir vi f .
SRoeptionally impartant pajyt o) L1 O B 2

Tposes of comparison and are

RO S -
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ENCLOSURES,

From the Superintending Engineer, Villupuram-Guntakal Railway, to the Chief Engineer,
Trichinopoly, dated Bellary, 7th December 1889, No. 50 V.G.

Tt appears that founds will be got at the Pennér bridge at about 40 feet below the surface
except for a gap of 300 feet, where the depth will be about 60 feet. I estimate the total discharge
at 806,000 cubio feet per second by Dicken’s formula and the velocity at 16 feet per second.
This velocity would appear to be under the actual greatest veloeity in high flood as I have
measured velocities of 14 feet per second in the rivers in Upper India, where the fall of the bed
is very much less than at the Pennér, where it averages about 10 feet per mile.

9. With such a velocity it is evident that large spans must be used so that the waterway
may not be too much obstructed with piers.

3. A circle 20 feet in diameter would contain a rectangle 18 feet 4 inches long by 8 feet
wide without oversetting the sides. If to this pier rectangular cutwaters be added, the total
length of the pier from nose to nose would be 26 feet 4 inches, and it would be necessary to corbel
out the wells 3 feet 2 inches each end. This amount of corbelling should offer no diffienlties. In
the bridge over the Jumna at Muttra, some of the wellshad to be corbelled out 6 feet at each end
and at the Jumna at Kalpi 5 feet at each end, and in both cases in brickwork. The latter bridge
h?s 250 feet spans with wells 90 feet deep and piers 75 feet high from bed of river to bottom
of girders.

4, A rectangle, 18 feet 4 inches x 8 feet, should give sufficient space for either 120 or 150

feet spans with the roadway between girders, and these spans appear to be suitable for the river.

5. Piers for girders of 120 feet and 150 feet spans might also be founded in two wells
12 feet 6 inches in diameter, which are, I think, the smallest that should be used.

6. Tn deciding whether one 20 feet well or tWo 12 feet 6 inches are best, there are several
points to be considered :—

(1) Base and quickness with which the Work can be carried out.
{2) Cost.
(3) Stability of the structure.

(1) Ease and quickness with which the work ¢an be carried out.—The thickness of the well
steining in & 12' 6” well cannot exceed 3 feet in the 20 feet well; it will be 5 feet. In
the 12’ 6” well the header stones will have to be tapered and the strechers rounded in the
face. In the 20 feet well ordinary stones with straight faces can be used. The masonry can
conse}(}ently be carried out much more quickly and cheaply in 20 feet wells than in 12 feet
6 inches

The delays in well sinking are caused by well standing for masonry to set, fixing up sinking
apparatus and loading the well, and finally bly unloading the well after each length is sunk. All
these operations take half the time for a well that 1s taken for two. -

'I'he quickness with which a well will go doWn in sand is almost entirely dependent upon
the ratio between the weight applied and the stein friction. The stein friction varies as the
circumference of the well and the weight applied varies without loading as the area of the well
steining. In the 20 feet well the circumference is 63 fest nearly and the area of the steining
936 feet or as 1 : 37. In the 12 6" well the giroumference is 89 feet and the area of
the steining 89 feet or as 1 : 243, It is therefore evident that, without loading, the 20 feet well
will go down better than the 12 feet 6 inches and that, if loading is required, a smaller load for
the former will suffice. Tn sinking 28 feet wells with 7 feet steining 1 found that in pure sand,
the deeper the wells were sunk the more easily they went down, showing that the weight of the
steining was greater than the stein friction. It would therefore appear that one 20 feet well
gt:n be more easily built and more easily and quickly sunk than two wells of 12 feet 6 inches

iameter,

(?) Cost.—The cost of the wells excluding establishment and plapt will vary at the very
most a8 the squares of their diameter or the cost of one 20 feet well will be to the cost of two
12 6” wells as 202 : 2 x (12 — 6)? or the 20 feet well will cost about 25 per cent. more, which
will be in a great measure saved in establishment and plant.

(8) Stability —There can, I think, be no question that one 20 feet well would be more
stable than two 12’ 6” wells, the area of the base 18 greater and there 18 no damage from unequal
settlement. §

7. Tt would therefore appear that in everything except cost the 20 feet well is superior to
the two 12’ 6” wells and if tools and plant and establishment be taken into account, it is
doubtful if the 20 feet well would not be the cheaper also. If boulders are met with over the

- rock which would appear to be very probable, there is no question that they can be more easily

dealt with in a 20 feet well than a 12" 6" well. : .
8. It appears to me that a well 20 feet in diameter is required to carry the 120 or 150 feet
spans and I also think a column of sound masonty 90 feet in diameter and 40, or in case of two

piers 60, feet high, will carry any reasonable weight that ean be placed upon it.
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6. dNSoa o y ‘
bo § O‘m'ghzltéz‘;‘;l:};g: li!lll :(111: eltlmate for Portland cement and special plant will, in my opini
should, T think, be of Porthug e The first 4 or 5 feet of concrete in the bottom ogt mxo:;i
must, of necessity, be o fml oement, in order to give the well a firm foundation v e w}"e .
Portland cementy "eoncrete OTTEBS ehelving rock. The well onrb should, I think, be ﬁllégoﬁx :r':h
the masonry of the sin toug Dot ahsolutely necessary, it would also be desirable to bul.l d
will require from 125 to 1-g5(:lgax?r:ll;eotfog’oftlthedcorbem? o P%{tlmﬁl coment mortar, All tilis

i i : ortland cement per well. T'he porta i
mills, steam hoists and dredgers wil] along cost more than the sum entereﬁ forbsl;eee?u l;faﬁ‘t"'m,

7. The latest rough estimat
spans at 100 feet withgroad ;;1;; Z’nt:l:; galggeiiﬁmed’ PR A et oridge with 18

L RS,
18 Binderm of 100 g K8 15,000 anch oo e oo 235,000
Pitching and protecti fach at 48 tons each Rs. 338 per ton e 2,856,120

on workg (9&}') or : 25,000
Total (say) ... ?35,000

———

and this i
e Pi;:- is what I would now recommepg, There would be one well 20 feet in diameter to

8. I would ask the favor that

Government for perusal. Copieg of this and of my former letters might be sent to the

——

Nore by the Consulting Enginegy for Railways, dated 30th January 1890,

The Villupuram-Guntak E ; ; ; i
advantage receive further :oss}igtate Ritway, Ponnér s by /SN

i onsideratio, or at all events elucidation, if there are other
CWOHESFam;es e i ik beSids; those which appear in the records.
The foll?;ingo:;;z;:‘ f o?btlﬁ to spegk very confidently in the absence of drawings.

s 0 b6 the pringjnal points in the cases.

pbintT:ls 0:31(;1‘1‘2(-3 gpoqtllence shows that tlll)e l\&)adras Railway crosses the Pennér river at a
Guntakal State én 1ﬂes IOW(?I' down the piver than the point at which the Villupuram-
B Tallves ook will eross it 4150 that the fall in the bed of the river at the
Guntakal StuteyR SIg 18 about .36 feet to the mile ; while at the Villupuram-

il 1 = 6 : n
the flood water atih:ga(g;’::mg.fhe fall is 96 feet to the mile. The average depth of

Railway orossing is shown by the correspondence to b
%{2?11\35{;7230;);3;0& ggguf,fftfi The zv(;rage gepth. at the Villupuram-Guntakal Statg
Major Gracey to be 8 feo, 7. e Chief Engineer to be about 7 feet and by
his rgzitLﬁfbﬁtgoh"}mﬁer’ after capefyl inquiry ascertained as stated in para. 3 of
during the Wik ﬁo dt . 24th Octgl,or 1885, that the Pennér rises “about i4 feet
at a depth of%l 3 to 6030 fs. The beq of the river is sandy at both crossings with shale
to 60 feet at the Villilp::;n?f(gge thadras Railwgly crossing and rock at a depth of 40
The mean velocity st the gl State Ruilway crossing.

Engieee of e Madies iy gy e, o8 1 Ssmmed by tho o

© mean velooity at'thi Villupuram-Guntakal State Railway crossi

calculated by the Chief Enci - " : )
o bridgingytheePen:\eérI?ilgmeer’ South Indian Railway, in para. 10 of hig ¢ Proposals

" IVET near Pgpidi ” to be 3:95 ; but in para, 11 he 3

o %:'aegsgooiﬁy et Mereage] to 74 feet when the bridge is constructS:(lil.m ®
ve]ooityJat the Vi}l’lu &) mEe. 10 his No. V.G 50 of thq 7th ultimo, assumes that the
but he is probshl reI;e ram-Guntakal gyate Railway crossing will be 16 feet per second
feet per second “}’W ]'E"lng to surface gnd not mean velocity, because, he says, that 1é

Iin i e h(;: s aP%ear to be ypder the actual greatest velocity in high flood.»
i meaxll) P N ‘;- ‘G. 173 o the 14th December 1889, Major Gracey takes
Bitwdin the megn S .:et ?el'.seeond. There is therefore a very great discrepancy
e ol ve](:)le i};yoofgl iﬁt feet per second shown by the Ch.ief Engineer’s

It seems impossible at first 0. feet per second adapted by Major Gracey.

sight to reconcile estimates which  differ so widel
these. Fortunately, however, there jg something more reliable to go upon thaneme::

ng is

»

.
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.+ <. for the Madras Railway have had long experience of the floods in the Pennér,
;2) 1:;2{?@:0&5 well as in ordinaryy seasons, and they have taken the mearll) v‘(zlpmty in
the highest floods at their Pennér crossing at 8 feet per second. Mr. Lam e:i 1fn p}ell}‘ai;
6 of his report No, 4430 of the 24th October 1885, says, that the highest ﬁ(_:})_uo W 1:;1
there is any recollection amongst the villages near the site of the proposed 1bupu1£2 t;
Guntakal State Railway bridge, oceurred in 1851. 1t would not, theref(gezl e sahave
assume that higher floods may not occur than any of which the Madras Ral Wa{; %
as yet had experience. But it may be assumed that it would not be safe to work W
a lower velocity than that adapted by the Madras Railway after long experience. i

Taking then 8 feet per second as the mean Vvelocity at the Madras Rallwa_yf crt(iss1 gt
with a depth of about 10 feet and a fall of 636 feet per m11<_a, it would mani ﬁsl 311% n.(i
be safe to take a lower mean velocity than 14 feet at the V111upuram-Gunta4af :11.;
way crossing with a fall of about 9:6 feet t0 the mile and a depth of 14 feet 1

is right. )

o Ifagft)gztr ther% from the correspfondeglce tllglat Major Gracey’s estimate of the mean
‘tv is the lowest which can safely be taken. ; :
velocitgf addition to this, though in theyabsence of all knowledge of the site and. in the
entire absence of drawings giving sections of the river bed, I must sp.eak w1’§h th,e
greatest diffidence ; I gather from the correspondence also that the Chief Engineer’s
estimate of the mean velocity at the proposed bridge site is not so 1n09rrect as appears
at first sight. It is necessary to notice that W_hile Major Gracey’s estimate deals .Wlth
a waterway 1,800 feet in width only ; the Chlef. Engineer’s calculations.deal with a
main channel 2,400 feet wide and a spill extending over a width of 2,_850 feet. i

It is necessary to notice also that a reef of rock occurs at the 'v1llage of Pamidi
about 11 mile below the bridge site by _Which the channel of the river 1is conEracted
to 1,700 feet according to the Chief Engineer (para. 12 of his report), or to 1 ,670 feet
according to Major Gracey (para. 7 of his No. V.G. 50 of the Tth December 1889). :

It appears possible, therefore, that the railway crosses the river in the middle o
a great pool filled with water headed up by the Pamidi reef and that there 1s a
strong current along the southern edge of this pool while the rest of the pool is back-

» or dead water.

WatelM(;jor Gracey confines hii‘ ipquiry ﬁto ghg por’ciorll1 of the pool affected by the
thus gets a high velocity confined to a small area.
0“”3';}71: %dilief E%lgineer geals wighythe who_he pool, including backwater, and there-
rv low veloecity spread over a wide area. .
fore %ztst;i‘;e vZay the discz're}?ancy between the two sets of calculations can be
reconﬁlil(]li.s is the right view it seems prpbalzle that the current will use a por_téon on}ﬁ
of the wide bridge proposed by the Chief Engineer and the rest of the bridge w1
AT ater. . :
i yh{}):clli‘;,mbert in para. 8 of his report says, that the sand in the Pennér is Ofo?;
coarser description ”’ than the sand in the rivers in Upper India and that th;a geour 18 vrvlill
8o great as in those rivers; in any case, hOWf.-}ver, a large amoun_t d(') :cgug e
apparently have to be faced with current velocities such as those indicated by
ondence. ro .
correi{)pmgt from the considerations referred to above, it 18 difficult to selelz why ar}))‘lgg:(li
bridge should be provided on the Villupuram-Guntakgxl State R?.ﬂWfliy t 9.:(1i 1:v [I; o
on the Madras Railway for the same river at a point 26 mﬂes' ower é)the Ry
course where the fall in the bed of the river is not nearly so glelat as a.n
puram-Guntakal State Railway crossing, unless indeed there are large spi iscrelieved
between the two sites by which the channel at the Madras Railway crossing
ion of the discharge. i pfvey
e IX:t;ﬁe ;)ame time it is:l,3 necessary to notice that if M,r Lamberlt 18 right a; tof %1'6
oceurrence of 14 feet floods in the Pennér, Major Gracey's PI’OPOS{"Is i Pal':l- oL his
No. V.G. 173 of the 14th ultimo, to reduce the formation level will apparently require
reconsideration,

ioned C. J. SMITH, Col., R.E.
(Slgne ) Consulting Engin’eer f(:r Ra.il,way&
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- P.8.—I think it would be wel] i idi vi

. - to study the discharge at the Pamidi village 1
?;;}ﬁhbﬁoz ﬂtml ﬁ’;te of the proposeq bridge where the channel is contractedg to i
to-be aua (:a ’TOO before finally deciding the question of the amount of waterway
minimunf:f 1 Soﬁe;leedB not q«;lay in any way the construction qf the bridge to a
span of 150 fee’t el l;e P‘l{ ;:181:1;8 a:; ;i:irm 2butment on the north side an additional

e

an} the Consulting Engineey for Railways, dated 24th January 1890,

The nett : o :
arriv?rd itnﬁy ﬁs.u %oogfag o Grace)”s investigation does not differ largely from that
he former recommends 18 i i

Spang each of 100 feet—1,800 lineal feetin all.

ll\di';lgl‘i‘:lgantrecommends 13 spang :ach of 160 aggrega’ting 1,950 lineal feet.
Mr Lamber:’ strongly to the larger provision first, because, as may be gathered from
$his siues risesst rep(ért, No. 4430, gateq 24th October 1885, where it is stated that
e estima(t)eg beplt&a?f lé feet ay against 7 feet estimated by Mr. Logan and
i tha Pennks Hous a);; P afllfiili, racey, we know very little for certain about the floods

2 .
ndly, because I do not kngy of a single river in Southern India, of which

we have fairly accurat isti :
be Tikely 15 'bS;at 0 rez ::gfzxsnos extending back, to say 30 years, that is not shown to

3rdly, because as shown at the gite of the Pennér bridge lower down, the river

is liable to breaching tanks, whmh, although in this case some of the large ones are

situated below the sit . i
of the flood.at this ﬁlriflgf. the propogeq bridge, might very materially affect the lovel
thly, because there is g very éxtensive spill on the north margin, which, as

Major Gracey full i . :
the bridge egtendg, :;cﬁlgi?l:f;’ must b specially provided against and the further

As 18 wel © of the river the better. :
prolaaili e °°n76fslant with the Pennér river and its affluents n

high floods, the ri ' : g
oﬁgered byszthe epll:gsrgseilgom, if ever, }un parallel to their banks and the obstruction
Pennér in October last the !;gﬂ:;Y Tepresented by their transverse section. At the
Caleulations b TUX on g nier exceeded 8 feet.
formula, though u::felfl Ogr]ffke“’. f(I;rnrlula, or on Ryves’ formula, or on any other
estimating the aggregating 1inem lpa“s@n, cannot be relied on and a safer guide in
at site with others, if possible ;hwaterway of such a bridge is to compare the section
the piIell'] obstruction, » WAeTe there is no spill and allow an ample margin for
‘have no doubt in m )
the bridge over the Penné)lt :,Tltﬁ“ nd, gudging by the floods of 1874 and 1889, that
if it were larger by several span:aMa Iras Railway would be far less severely tried
demgiu;% tll:le llmdge ovir the same ?i% it 2111§ht _spt to be accepted as any guide in
uld also remark that ‘er at Famidl.
knowledge from 600 yards‘ta& 2ﬂ:§ﬂ°ec,t1ons of the Pennér river vary to my personal
of a flood, when at its highest poin:s’ and that any attempt to deduce the surface fall
level,T gioul(-l be futile. 8, from the fall of the river bed as ascertained by
s river relieves itself !
I know of 20 to 30 feet and, ;’sy i?(mnng away the bed to a depth in one place that
flood by clearing away islets ang Well known, opens out its section during a high
that'no deductions from sections of :ﬁﬁumulations to such an extent, and so surely,
can u}& {my way be relied on. € bed taken after a decade of light or no floods,
most any possible fl .
enough and inuy;nll)ation gf 152101"1001;11111d'b ¢ forced through a bridge, if formation be high
of rigk to which the foundation Mg property can be tolerated, but there is a linflgit
should be lower with masonry o i’.“ght to be exposed, and, in my opinion, this limit
evenly bedded on shelving roik ytll?del‘s.wh-ich can only with difficulty be ’ﬁrml 1:311(1
Wwith iron cylinders that can be truly seatgd.

‘ : D 150 feet spans give the mini g
ey o gh b oo s P £l

‘__-l‘)
r

s e s e e ey
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waterway the rock under the masonry cylinder should be carefully levelled by divers
__and that if this cannot be thoroughly done, the piers should be specially protected
by loose stone thrown in round them.

That masonry cylinders resting on shelving rock are insecure, the fall of the
Vikravéndi bridge on the South Indian Railway, proved beyond doubt; and that 40
foet of local scour in the coarse sandy beds of the Pennér river and its affluents is by

no means impossible is now generally allowed.

(Signed) €. J. SMITH, Col., R.E,
Consulting Engineer for Railways.

Submitted to Government in continuation of this office endorsement No. 9, dated
8th January 1890. ‘

e

Order—dated Tth February 1890, No. 201 R., Public Works.

Ordered to be forwarded to the Government of India in continuation of Proceed-
ings of this Government, Nos. 31-32 R., dated 11th January 1890.

(Here enter No. 202 R., dated 7th February 1890).
(True Extract).

(Signed)  C.J. SMITH, Colonel, R.E.,

Joint Secy. to Govt., P.W.D.,
Railway Branch.

—— i —————

Endorsement—dated Tth February 1890, No. 202 R., Public ‘Works.
Forwarded.

(By Order,)

(Signed)  C.J. SMITH, Colonel, R.E,

Joint Secy. to Govt., P.W.D.,
Railway Branch,

Read also the following paper :—

Telogram from the Secretary to the Government of India, Public Works Department,
to the Joint Secretary to the Government of Madras, Public Works Depart-
ment, Railway Branch, dated Calcutta, 7th March 1890, No. C. 15.

Your telegram of 22nd January and letter No. 202 R., of 7th February, Pennér
bridge. No work should be commenced until complete plans and estimates have been
sanctioned. Letter follows. .

s I

Order—dated 13th March 1890, No. 359 R.; Public Works.
Communicated to the Consulting Engineer for Railways, with reference to his
endorsements, Nos. 9 and 83, dated Sth January and 3rd February 1890.
' (True.Extract.)

(Signed) ¢. J. SMITH, Colonel, R.E,
Joint Secy. to Govt., P.W.D,,
Railway Branch.
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Read also the following paper :—

From the Secretary to the Government of India, Public Works Department (Railway
Construction), to the Joint Secretary to the Government of Madras, Publie

gofrggéuﬁ%-l‘tment, Railway Branch, dated Calcutta, 14th March 1890,

I am directed to acknowledge the receipt of your letters marginally noted, sub-

A mitting for orders proposz}ls f.or' bridging

: 2:(3)3 E., dated 1!7::}111 JE:‘a.;i)um'y 1890, the Pg,mé, river near Pamidi, on the
e RUBLY. % Villupuram-Guntakal State Railway.

2. It 18 observed that the Chi . : :
. : ef Engineer of the South India Railway recom-
mends the adoption of 13 spans of 15( f%et girders for this bridge, and proposes to

ink in di : . -
?&cgggifgxfﬁ in diameter, one for each pier; the wrought iron well-curbs being

3. The Government of Madrgg goncurs generally in the Chief Engineer's

proposals, and immediate sanction i to the construction of the well-curbs in
this country with a view to save timI: agled :

4. You were informed in Py legram N
ic Works De artment telegram No. C. 15, dated
’{lt}é ?é[arch, that no work should be comrgen(wd I1)mti1 complete plans and estimates
ad been sanctioned, and that furthep orders would follow by post.

5. T am now to say that it doe o the Government of India that the
site selected for the bridge is beyon?ir:;ﬁl%g%%f li);est that could be chosen, and, as the
river is broader here than it is highey yp, I am accordingly to suggest that a site,
about 600 yards up-stream which seep f(; resent certain advantages, may with the
concurrence of the Governor in Coungi] be I;mmined as an alternative crossing. If
the foundations here are not worse than those at the down-stream site the upper site
;V:r‘;l‘it?}?lliart t};e (;b%tte&,l as the chanpg] is narrower, and one side at least would be

otecte : i

i inmd w7 psi,tchgngcky hill there, while the other could be protected by a
6. As regards the size of g i i
y ! ! pan Government of India considers a short
:r;ig,ze ::1’;1; ccf)mparatwely long gil‘d:; :l;:ns preferable to a long bridge with short
ﬂp; 0 e former would obstruet tp, waterway less. The Government of India

ere"or? deslllres that 11 spans of 150 feet each may be adopted.
(. Further it seems probable ty velocity of the Pennér river in flood is
mere t1311'(ely t;) be 14 feet per second :st cf:ll:ulated gy Lieutenant-Colonel Gracey than
eled _asﬂca culated by the Chief inoer. With the former velocity the river
wox; utl ood 1fscour down to the rock, ond for this reason the Government of India
gﬁlgr:v Owi)dwg l: each of 12 feet diameter to one of 90 feet as proposed, as the double

g fu to struct the waterway Jegg gndq with 11 spans of 150 feet girders would
give 56 feet more waterway than coulg’ pe provided with 20 feet wells.

8. The difficulties of sinkin ;

. Lhe g two gmall wells as compared with one lar

}1;:{, ;ﬁdﬂ'nsd c_ase,bbe neglected, as the wells would have to go down only abgjt";lte)
: judging by the experience gained at the Chenab bridge at Sher Shah, where

the double wells were easil ’ .
=il b i baen frchtsont ptutontiiing

single well with the pier overhan ot Two wells would also be safer perhaps than a

: . the up and down-stream sides, and, as rock

2;::: tc:x:lt(;l l?: galzoderate depth, with fairly large spans no possible w,relociéy inr (:ﬁe

carefully unde inﬁefious'tf good foungations. The wells resting on rock should be
y rpinned with Portland ggpent concrete and protected by stone pitching

’

as the stability of a 1 : :
MR un?lerpinzid‘lveu resting on ghelving rock will depend on the care with

Order—dated 2nd April 1890, No. 464 R.; l;ublic N orks

Communicated to the Consulti : 4 . {
Proceedings, No. 3569 R., dated 13:];11 ﬁagtﬁgi%%‘ﬁ for Railways, in continuation of
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2. The alternative site proposed in para. 5 of letter from the Govér.nmen’g of
Tuilia read above, should be investigated and a report of the result of such investiga-

tion should be submitted for the information of Government.

Read also the following paper :— : |
From the Consulting Engineer for Railways, dated Madras, 24th June 1890, No. 442.
From the Agent, South India Railway, dated Trichinopoly, 28th May 1890, No. 757.

From the Agent, South Indian Railway, to the Consulting Engineer for Railways,
dated Trichinopoly, 20th June 1890, No. 884.

Your letter No. 399 of the Hth of April last, T forward herewith copy of a report
from the, Chief Engineer giving the result of a further investigation as to the most
guitable site for the proposed bridge across the Penndér.

2. Will 'you please obtain the orders of Government hereon ag soon as possiblé.

’ \ o
ENCLOSURE,

hief Engineer, to the Agent, South Indian Railwa , dated Trichinopoly, 18th June
From the Chiel Hngne 8890, No. V. G 184-931. y \ ‘

_ Pennér Brudge,
[Your letter No. 5476-861, of Tth April 1890]. .

Tn compliance with the request of Government that a further investigation should be made
as to the most suitable site for the proposed bridge across the Pennér, I now send you survey *
and gections on the line suggested t for trial

2050 2051 ; 6 by the Government of India.

' 6
* Tracings No- 59 [ =g ®d 4160 / 90 2. The result of the borings taken shows
+ Letter No. 38 R.C., dated 14th March 1890, from tl;at although the foundations of the first three
Secretary to Government of India,|to Joint ”c?t‘e““ty piers from the southern bank would not be so
to (*"V""‘;ame“t‘l;’{ Madras, Public Works Department,  deep ag on the old alignment, they would be
i pitched on more shelving rock which goes quickly
deeper towards the north, Borings have not yet been taken throughout the breadth of the river,
but one boring sunk on the northern bank gives & depth of 52 feet to rock and it is probable
that the depths of rock are much the same on both lines,

3. There appears, therefore, no- advantage in fol.l.ndations to be gained on the alternative
alignment suggested, on the contrary, the more shelving rock and the great likelihood of meet-
ing with isolated boulders near the ap-stream rocky hills point to the old alignment as preferable.
There is nothing to be gained in the way of protection from the rocky hill on the south bar}k
by moving nearer to it‘ as suggested by the Government of India in para. b of letter, No. 238
R.C., for this bank (right) is already completely under the protection of the hill referred to
for a considerable distance below the original alignment, and no change 1n the bank which is .
of a sandy mature is known to have taken place for many years during which heavy floods have
been experienced, and one abnormally high flood 18 stated to have occurred orfly last year.

4. Under the ciroumstances there does not appear to be any advantages on the side of the
alternative (up-stream) alignment %o justify the abandonment of nearly 23} miles of”railway
embankment already thrown up from the north bank of the river northwards towards Guntakal,
and I recommend that the original alignment selected by Mr, Lambert and approved by Sir
Guildford Molesworth after examination of the ground be adopted. '

5. With reference to the size of the wells for the foundations of the bridge, our experience
on the South 1ndian Railway has been confined to wells of 12 feet‘ in diameter and under, of
which we have sunk a great many in the deep sandy beds of our BEast Coast rivers, and other
things being the same fprefer that diameter (12 feet) of well_ to a larger one, but fnder tl_le
conditions met at the Penuér, a rock substratum and the probability of meeting with boulders in
Siuking foundations to this zook. 1 think that Colonel Gracey's recommendation fo use one well

* of 20 feet in diameter in preference to two of 12 feet diameter for each pier, carries much weight.

3 6. In forwarding to me the survey } and

1 Taken by Executive Engincer Major White, R.E. section mow sent fo you Colonel Gracey
writes.
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“ . ’
cos of sifing 1 appondiv B e osinf allers 03 dysiege sonmenmntowith the
the c‘llofsing Sl pyo;ioged s :1 g%r:[;c‘;)ﬁ:rl; (;)ft ;,.he river. I am, therefore, of O}.)mwn that
Lo sid;n(l)xfsiﬁ)e borne (;n mind that the water which is shown as overflowing the bank on the
that the bask weh;:ﬁeg’a : Oﬁgegofh:un with any velocity. This was proved last year by the fact

. o i
- the u‘x‘a%enal of which _it _is composeglilsltr%r;(:;x}:g;dly duadegulil e "‘lth‘mgh
o b:&‘; :?ilhgf qslnlop that the piers ghould each be founded on one well of 20 feet diameter
e i 1 ersh in thls_ part of the country have all large boulders overlying the rock.
. wii:h WQl{s 112)1?10;1,. e possible to deal with these boulders in a well 20 feet in diameter
S e Ife in diameter the whole of the internal space at the bottom of the well may
: Moreogégr thept 1 tﬁne m(?derate sized hoylder which it will be almost dmpossible to remove.

7 1sh I-ls]:nel d”‘t can be procured is not suitable for building wells gith thin steining.”

- A shall be glad to receive early g he si d (2) the diameter of well
to be adopted Ve early fing] orders as to (1) the site and (2) the diameter of we
s eo(f ed so that t.he estimate requipeq by Government for the Pennér bridge may be

8. The boring operations at the altemative (up-stream) alignment are going on, and the

u
. 88 800n a8 pogsible  but ftrust that sufficient data have fow been
submitted to enable Government to decidele(’,n 319 points under refererice. The. borings have

hitherto been delayed owing to scarcity of |y por and sickness in the locality.

e —

Submitted to Government § ' v . .
. L t of India, with
. reference to its letter No, & transmlsswrg % 'the ('J‘roven_lmen :
No. 464 R., dated 2nd Apr(i)i 128?;)8() R.Q, embod1ed in Proceedings of Government,
2. The Agent, South India . i i
: A n Rai bmits copy of a report from the Chief
Fngineer giving the result of a furtill;? )irx’;:stigation Ig;'to the most suitable site

for th : _
Ii):ilW:y.p rOPosed bridge across the Pepnér river on the Villupuram-Guntakal State

3. The Chief Engineer does not, ggpgider that there would be any advantage in

the alternative alignment suggested },y the Government of India to justify the

aban arly * i
donment of nearly 21 miles of embankment already thrown up, and recommends

th_at the original alignment be adopteq

inste:é Cogltl)ge} Gtrace » R.E,, recommey, Js that 20-feet wells as originally proposed
ing with largt; ﬁzulg:riﬂ silould e adbered ) npoeaL oo pr(%)ablhty S
when sinkine ; s onam T ief Engi

R e b recommengzng:ﬂigr :gﬁ Pftoig::datlonﬂ: | The Chief Engineer concurs

5. Early orders are solici : : i
. . i solicited regy. Jine the site, and the diameter of well to be
adopted, in order that the estimate fogatfénlgennzr briage may be completed.

.‘ s AL
Order—dated 27th June 1890, No. 93¢ R Publ.ic Works.
"

Ordered to be forwarded fo : '
: ;o .
-reference to its letter, No. 238 R.C}.l,ede:tlgg f Z‘zﬁr;lzfmgli Sgg.vemment e i

" (Here enter No, 93) 3., dated 27th June 1890.)

. (Trug E,xti'act.) s .
(Signed) R, R, DRAKE-BROCKMAN, Lt.-Col,, R.E,,
s o WL Ag. Joint Secy. to Govt,, P.W.D

. Ay
N e se—

Endorsement—dated 27th June 1890, Ny, 931 R., Public Works.

. Forwarded.
(By Order.)

R. R, E, pRAKE-BROCKMAN, Lf.-Col, R.E,,
. ' Ag. Joint Secy. to Govt,, P.W.D,

1 (Signed)

-

Rl L e
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Read also the following paper : —

From the Secretary to the Government of India, Public Works Department (Railway
o Construction), to the Joint Secretary to.the Government of Madras, Public
Works Department, Railway Branch, dated Simla,:the 30th July 1890,

No. 668 R.C. : -

T am directed to acknowledge the receipt of your No. 931 R., dated 27th June
1890, forwarding correspondence from the Agent of the South Indian Railway
Company, enclosing a report by the Chief Engineer on the result of the further
investigations made with & view to find the most suitable site for the proposed bridge
over the Pennér river near the Kalluru Station, Villupuram-Guntakal State Railway.

9. Tt is observed that the Chief Engineer does not consider that there would be
any advantage in adopting the alternative alignment suggested by the Government
of India in Public Works Department letter, No. 238 R.C., dated 14th March 1890,
to justify the abandonment of nearly 2% miles of embankment already thrown up;
and that he apparently concurs in Lieutenant-Colonel T, Gracey’s recommendation
that 20 feet instead of 12-feet wells be adhered to. ~ 3

3. T am to enclose for information a copy of a note by the Consulting Engineer
to the Government of India for State Railways ol the subject, and to request that the
several points raised therein may be carefully considered, especially that relating to
the probability of finding a layer of boulders overlying the rock in the ‘bed of the
river, angd that the project and estimate for the bridge may be drawn up in accordance
with the decision which, after consideration of the views expressed in this note may

be arrived at by the Comp.any’s Engineers, and approved by the Government of

Madras.

i ENCLOSURE. .

Nore by the Consulting Engineer to the Government of India for State Railways, dated

10th July 1890,

There is nothing in the information now furnished which induces me to alter the opinions
previously given that double wells jre more BUItﬂblfi for the foundations for the piers of the
Pennér bridge than single wells, and thiat the upper sife is the preferable one.

The cost of sinking a single well is certainly- less than that of a pair of wells, but if the
work is done by exggriencad men, the difference is hardly a matter of moment.

Sir Guildford olegworth’s opinivn is quoted more than once, but I know that he strongly
objected to single wells in other cases. A perusal of the notes on Mr. Lambert’s estimate for the
Guntakal-Hindupuf line shows his remarks on the *Pennér bridge as follows:—“At the

Pennér bridge I should prefer spurs with protected ends running out at right angles from -

the main bund rather than a continuous bund pitched with stone. The ends of the spurs
should rlun out with a flat slope of say 1 in 10, with & broad deposit of loose stone at the foot
of the slope.” - ; : ;

Mr. Lambert had proposed double wells 12} feet diameter, and the presumption is that
Sir Guildford Molesworth agreed, as he does not mention the subject.

If well foundations are decided on, and bricks aré not procurable for well steining, 1 would
much prefer Portland cement concrete to rubble Masonry as being far stronger, and, if the
stones have to be dressed and swmmered, as being cheaper,

Rubble masonry is by its nature little fitted for any stregses except direet compression, while
wells have to endure many different strains while being: sunk into position.

If concrete is used, it should either be moulded into blocks, to be afterwards set in place,
or moulded in sifu so that the wells may be monoliths, T have used concrete in both ways and
found it most successful. : : '

It is an easy matter to keep the sinking and the building up of wells progressing simultane-
onsly. Much of the difficulty experienced in sinking wells is due to the loading and unloading
system in which the sinking is stopped for days while the wells are being loaded. This stop-
page allows the sand or silt to settle round the well and grip it, making the restarting
troublesome. : \ .

By keeping the well “alive” and using the late Mr, Brunlees’ system of forcing_jets of
water through the curb just above the cutting edge very little, if any, extraneous weighting ie



: doub?%: Madras Railway have closs by all apparatus for sinking such cylinders which can no

* given in his report; but a study of hg

. proposals originally submitted regarding the alignment of the Pennér bridge and its

N e e s
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necessary in sinking through ordi i : : : e
it is kept always on the mofe, bothn!?irgyhtaﬁzg, dt;l; Mhn et ot RO S it if

Baut in the matter of these foundat;, i i '

‘ ) : u ons another question arises. In the last report of the

ghﬁ:f, Ex};%l?eer, ﬁ?louth Indian Ballway, the probability of meeting boulders overlyfx?g the rqek
Jught torward more prominently.  py. Logan says “isolated boulders”—-Colonel Gracey

says “large boulders overlying the rock »

: th1Itll( bilﬂ%l(?g the bridge over the same river for the Madras Railway, .25 miles lower down,
AL (; : (gu 'ei 't;‘ed was met with, necessitating the use of iron cylinders and pneumatic
PP ‘; us to sink ¢ em, This is & matter which should, I think, be carefully considered, for large
- (H's are v}e:r{ difficult to deal with jy any well, large or small. Again, the proper bedding
diamet 8. on ds elving rock is no easy operation, whether the wells be twelve or twenty feet

eter, and can only be done bg'r underpinning with bags of cement coperete laid by divers.
2 truste hngltl;leer can know nothing g to the actual way in which this is done, having to take
e bee:vl gu de (}wer tells him., A subsequent inspection reveals nothing, for the concrete will
iy scamped.e close up to the top of ¢},6 well-curb, and the real underpinning may have

For these reasons T much dislike i
% < L shallow wells bedded an any thing except clay, and woild
in the case of the Pennair bridge, prefel(-) iron eylinders sunk to the rock and t;h’én properIy,‘ . .

:)egt(lfx(li igyuggging({he rock'cut level to receive the eylinder. This can be done if the pneumatic
{h filling is ey T o I inspected hy the Engineer in full light before concrete or
other filling is placed in the cylind

is thus insured, €% Abgolute certainty as to the stability of the foundations,

.

o

made available for use by the

Regarding the site for this bridge, 1 ean find no reference to it in Sir Guildford Molesworth’s

note other than the general . ¢ ! _
line had been laid ogt v:ilt‘?l g;zr:tkirﬁf:;nng to the whole line that I satisfied myself that the

d care.” -
torn ooy bas beon made of the (}ua](;tity of earthwork to be abandoned if a chaifge of site

8
is determined on. I have calculated . . .

b ed this oyt from the sections sent with the report now being
oy 1 fad iPemonnts fo Just 30 lgkhs of cubic feet, which, at Rs. 4 per thousand, will

cost twelve th € : )
to be eonsiderggs:ﬁfﬁ}':“’-h”dly sufficignt to cause the site for a .work which may cost six lakhs

Still, as I h ’ : i e
actual site,a-‘;or é‘(:iﬁnzﬁetaggg Once on the ground, I will not press my own ideas regarding the

. : Y, While §ypcrintending Engineer on the district, has no doubt
o el length on the SPORzrant:lI:en Elore gattem into consideration than heshas
th plans and sections does not alter my preference for the
ridge square with the stream, and would afford absolute

Pennér bridge Engineer.

upper site, which wounld bring -
protection to one abutment i
Whichever site is eventually g,
to the bridge by training bunds oy
To recapitulate — :
.. I prefer the upper site,
induce me to press my opini

dﬁlj’_ ed, T strongly recommend that the river may be gt%ided
«J, R. Bell’s system.

but the differgy, 00 hetween the two sites is not sufficiently great to
on on the loeg) Engineers, and I recommend—

(@) 12} feet diameter wells ; S : : S
Portland cement canr;;:?%d of 20 feet built (if bricks are not available) with f

(8) the use of iron eylinders jyef.. | . ) 4
g :?tif the rookyis vé?; ;ﬁ:‘i?lg o.f wells if many boulders are likely to be met with,
(f athr;?:glllnﬁ,ebg:i?i; e?? My, J, %{’. Bell’s system be oonst?-uoted to guide the river

(Signed) * F. L. O0’CALLAGHAN.

.

Orper—dated 21st August 1890, No, 1236 R., Public Works.

_ Communicated to the Consylt; ineer for Rail ith ref i
endorgement, No. 442, dated 24th Jlllxlge ]:il:gg(l)[}eer e R T

2. This Government h‘?"ing congidered the further suggestions of the Govern-
ment of India forwarded with its leter read above, would prefer to adhere to the

construction on wells of 20 feet diameter, as both the Consulting Engineer for Railwa
and the Chief Engineer, South Indian Railway, are in favor of these arrangements.ys

..

b

3. A c;>py of these Proceedings will be forwarded for the information of ,the
Government of India. :

(Here enter No. 1237 R., dated 21st Angust 1890.)
(True Extract.)

oy, (Signed) = T. GRACEY, Lieut.-Colonel, R.E.,
el Offg. Joint Secy. to Govt.,P.W.D,,
? +_ Railway Branch,
To the Consulting Engineer for Railways.

‘. » Examiner, Guaranteed Railway Accounts.

Emomumm‘—-dgted 21st August 1890, No. 1287 R., Public Works.
3 . Forwarded. .

o (By Order:)

: Lieut.-Colonel, R.E.,
Offg. Joint Secy. to Govt., P.W.D., .

N : Railway Branch.
. . .
Exd. G. A. Lowis. ‘iorh
Spare Copies : ;

21sr Aveust 1890, No. 1236 R., PusLic Works. 17 .
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No. 238 R. C.
/GOVERNMENT OF INDIA.
PUBLIC WORKS DEPARTMENT.

~ RAILWAY CONSTRUCTION.

' THE JOINT SECRETARY TO THE GOVERNMENT OF MADRAS,

P. W. DEPT. (RAILWAY BRANCH).

¥

Caleutta, the 14th March 1890.

I am directed to acknowl_edge the receipt of your letters mar-

No. B3R, dated 11th January 159, ginally noted, submitting for orders pro-

 F o el posals for bridging the Penner River near
Pamidi, on the Villupuram.Guntakal State Railway.

2. 1t is observed that the Chief Engineer of the South Indian Railway
recommends the ‘adoption of 13 spans of 150 feet girders for this bridge, and
proposes to sink wells 20 feet in diameter, one for each pier; the wrought
iron well-curbs being procured in India. D <

3. The Goyernment of Madras concurs generally in the Chief Enoiﬁeér’g
pl'oli‘qsals, and immediate sanction is asked to the construction of the weﬁ-curbs
in this country with a view to save time.

4. You were informed in Public Works De artment telecram No. C. 15.
dated 7t}1 March, that no work should be comly)nenced untilccomplete plans: '
and estimates had been sanctioned, and that further orders would follow by

- post.

5. I am now to say that it does not appear to the Government of India
that the. site selected for the bridge is beslf)cfnd doubt the best that could be
chosen, and, as thq river is-broader here than it ig higher up, I am accordingly
to suggest that a site, about 600 yards up-stream which seems to present certain
advantages, may with the concurrence of the Governor in Council be examined
as an alternative crossing. If the foundations here are not worse than those
at the down-stream site the uppersite would appear the better, as the channel is
narrower, and one side at least would be perfectly protected by the rocky hill
there, while the other could be protected by a training bund with pitching.

6. As regards the size of spans, thq Government of India considers a

short bridge with comparatively long %lrder spans preferable to a long bridge
with short spans, as the former would obstruct the waterway less. The Gov-
e(linmtzt&t of India therefore desires that eleven spans of 150 feet each may be
adopted. ' :
. 7. Further it seems probable that the velocity of the Penner River in flood
1s more likely to be 14 feet per second as caleulated by Lieutenant-Colonel
Gracey than 4 feet as calculated by the Chief Engineer. With the former
velocity the river would in flood scour down to the rock, and for this reason the
Government of India prefers two wells each of 12 feet diameter to one of 20
feet as proposed, as the double wells would obstruct the waterway less, and
with 11 spans of 150 feet girders would give 88 feet more waterway than could
be provided with 20 feet wells.




8. The difficulties of sinking two small wells as compared with one large
0;‘9 may, in this case, Le n(‘glectnd, as the wells would have to go down only
:él)outsrll«()]icet, and judging by the (gx],m-i(-n(:n gained at the Chcn:ﬂv) Bridge at
L, NI, where the double wells were easily sunk to a depth of 80 feet, the
foundations at the Penner Bridge should give but little trouble. Two wells
would also be safer perhaps than g single well with the pier overhanging the

v . > o - .

up and down-stream sides, and, ag rock is met with at a moderate depth, with
fairly la_l'gc S['):‘ms no possible velocity in the river could be dangern'us to gqml
foundations. The wells resting on poek should be carefully underpinned with

&;‘-M—"—‘—-'.}\\

! Portland cement concrete a L s as the stability of
‘ ! rete and proteeted by stone pitching, as the stability o
* ndoroinsting on shelvis il 3 the care with which it is
underpinned. L rock will depend on
£
I have the honour to be,
o 3
| SIR,
/ Your most obedient Servant,
t | 2 LINSE 7 (7 R.E
- vV & L L s L A Colonel, R.L.,
Secretary.

Documents accompany

ing,
Nil,
; .
)
\ ~M73§7k w2 Niiwo
“20/-2. 8 . -2 -peo
B w 3/ -2 k (AR o /
'3 \7 a
e e
« 76/
—\& " /? e
1 -2
i
L
i{‘
1
[
e
|
! Government of Tndia Cotral ""iming Office.~No, 157 P. W. D.—20-5.90 —10¢

— EeSr—

% A4 S2

PROCEEDINGS OF THE MADRAS GOVERNMENT. 1
/D 4 d
Uxoir date the =2 Ma‘;{!

a2 d,vvl/
REa /Lthe following

Pusuic Works DEPARTMENT,

RaiLwaYy Brancs.

%}; 9,, c,épmé N S 57 R d//‘;fwa/w
Fratl ol

%

(é;,,/: y.ﬂwa@/ A&

g 240 0y i,




ﬁl

No ..z ‘57 South Jndran Baltoay,

AGENT’S OFFICE,

G 7
» pH
TRICHINOPOLY, & c/ g ,vi?‘bfﬁu,:f”“ 18877,

////
Tis
The AGENT,
SOUTH INDIAN RAILWAY,
The CONSULTING ENGINEER FOR RAILWAYS,
MADRAS.
9&'1/‘4’ /mi} L//? ,'2‘74’ 7/»(/%01 ﬂ’fﬁayd»wﬂ.: 1
7 i

(s i,

S e

5 ﬁﬂ»ﬁ‘% g ainiar Auprrte sRat e BeouiZa
< . 7

) A A b ™ LKL‘/ /W U"TY“/‘— (,{,M— AAAA [L—L} ‘,/LM/{P‘!L 0’? L»L“‘- rﬂy

%Z /-@MLL?’ ‘éft"‘(/’/ ) e /L&L»/{ /Pu Lr F2 | &—a& (fmuL 4
/7 /ﬁ/] \
/ZMM(. /{;/—l/ /fZ[ %—;M/JZ A R NG / ;:L(ju’ ,A.QLL» é&ZC’L& 2k /7 /}‘—

/’LWJZM \.w 'A-‘u/p/ ,duuj /LUVaj a2 a{,&. {

4

e%pcléy @_Z /Wul.,&. % \;

/ g

= . WS




TR N : )
SR Y Edin- . b1
" Be ™
B < N

Ay et Y

" gd ASOTONH

o AN

3 \,)d.\l.:_\.jd“

> (O

/
/

7881 b et
7 J/jz payed

‘RAVATIVYH

's‘h.l]m]y

HO 1 NTON
J HEEANIONH PNIITASNOD) TH]

oF,

Agodovayorif

¢ O b
A JA&LLL& H\:!u)‘ll 'IHHU\‘

‘INEDY TH],

wmoaq

‘*mut\) k)
AGENT S OFF\CE

LY, 1/

=
Y21,

uw.kﬁm

TRICHINOPO

From

The AGENT,

sOUTH INDI

The (ONSULTIN

AN RAILWAY,

G ENGINEER FOR RAILW AYS,
MAD

To

Yrpran 2 “ﬂ.ul\nau,

y 8?71'9.







7y
s

3,

“‘ : : ‘x..

1 . NYM&»& é \Z~ o " Al Maému.y ML
| f;‘i;l*g:"' éww o ihs g spe> L aanke Ar-;a—vv Ol srisk MZ/% wfdé;
: sor Lotk B2 Lowheq - | | ks [‘
| A7W ”‘:/{@M&/ dae ,P/L]ow( ///472, /na%tﬂuu{ Bt %w( |
e M_7 07{/ o W‘Z advrntoge @ PP I Y ¢ B P8 |

P ; l FFn i J/a/t.//tm,d%/ s 0
SR Al Al usa of sl s Lo %
" M%@rﬂ— R I%—MW oL e & z;: ‘;;7 _ \
*/147441%’:4( W‘ZZ%»&L Aea o d A ana L Z/ Z#A '.:

”nﬁ/wé«oﬁmt@w"‘f M £
ntvraher ,L.,V%ZJ/[M /M M‘MM'%ZM‘ * L’. | 4

. P @7 o
szm,t& ' 2. : : o Bt -
': 2y j&_“/:i,lw ae Hean o Ahat

i e
e o B ke ad (2) #A 5
MM/, L Wﬁd do ahat 2 e
&,L @atn/ZM' e H

S
3
\;;
§
3
X
.




5 : X
//7
1 *‘ fa/(tu Z—é él &_’)-‘LL e v < 7“{4 Lty //‘v pres] /"// »‘ZL M""""‘?’ e

é'ﬁcf M‘u,ﬂ \K,Luu.-r e L‘_ 0. i A zr-t.k h. ,Luv/é /l)‘” /’/] P %S

¢ |
fk7,m~ Lotyke B8 Lok : - ‘/x A
/ .
/ K @M&/ daoe f’-%a,,[ /f’/l, /lt;‘//lr(if’( /It B
2 @ p—tiiiin i J,u.ma/,éﬂ_

| _ //a‘d"d.é',u.»(? ("%(nr-r uuu oLz(zf—nu(a«_(’
//uL&M //—/L,z C’m/é't’“f ( ;{ AT JZ, a//ﬂmc
| ¥ o /—fig k//m»#ff %L_,,W,/c 0-7//%1 Adisey o \iam ey
} - ’M@?ﬂ 2, z"//t Pt s v e v._a,/ /1/‘ M"’wéuyf MLD
/L%MJ—&( /’w/o«u AL tee dLeL/{,vu—w( e Vi
. U it Lon Lot sin srtinsl e
{ '! J nirraler wvziz/lu J’an—-w HA  HVANF s
0 i : r-Aank #u l’/l. Bondt dads ?/ yr e /5iuu/¥ 0(:94?/
: ] ' TPV G0 PPN MM Qsny ,z/‘—¢1H (%:7 AN
‘ ' %A.JWL "KMK-’UL/A/K . "7 / ek ALk /N
-T ’ M LWM /’/ . A £ 3 it u/x A
t Kool Bk isdy ok all Lo 2ils ,Z(mﬂ( o
" Rl A N ansntarniat (7 Vw—/puv/’ A x|

us CMM,// c(*v‘ ¢ A JWLL/
(Az Z& JZ%,L‘,;LW //'—%/OL/ W/A

&

Mt/

v ahould 2aeh . f?«m«a&»aé o B Latll _;
¢ 20 y,’,.,,/ ol sk M phe Ledn YA TR

P ﬂ’AM 7 *4—17( GM s aLZC.é'c: !
wz(muém : ans kb ,

o Tl s 4 ot it
. /‘-' : ¢ k ¢ i o 2

vw%” Linedee /ﬁ.)fe_m/m Al aralert e ey |
0% ‘M&ﬁ.\m—d %M‘_ “,/}/Az ,(»{ gtan \% )
1/

ﬂM A L /;’K%‘,ZZM ah RIS Joan S

i Bdtcler if st b odutd
/M o A prnnsrdt hiﬂ‘ﬂntw Ahs g Aot
”@MAL//?MM&JLMM// W Z
v Luglily LU-VPA /’/1/,“‘ ﬂ&wwuq o -t
Yo Lokeli e e 4 disiad URY
MNMA(/) T NPT ST e
0’/ prerss A AL M(—&/,(.Ld do AL akt M
/f ,‘,M% -0-1/ L;_.W—LM-QM/Z %‘r’/ﬂf
'l A Zu @p “ (UKL;L

VP c//u, /4477 ? P RIS £ B A Cin

)

sV




4.

((L/{ r ,é'/’zl y WP ) dL(L_‘f ,.%\.,Lu\// Ay L

gﬂ—(&j\»é’ o x/( M\_L_
7 , 3 7
e A wbcéu,(/%/ At CC/ 4 V3

Asfrrlidl o Bosri aéArseiss

ik I fnid #af A/f,;,;px Aotu Hauwe §

st A Lt ﬁiwA‘LwL(Z:é /A ia bl g_lu’l.ugq A

% HAeosdo s /,;ﬂ./,l_ /40-1“{4 A 2l /fc//uu_usﬁi i
”vff)*"'-ttfw’ AP 73:74%}10.44 Aoiv Lota, ed serdir

%” é’ﬁé"“’&'%‘/ % e il 5 Aundl. toisttls sedt vinitil
2 Logal K

e < ' L i - B g e W a——
T TSN oy R e———— N T L
PR —— o egeenmu ReU T



Vs 24

$

’/' ¢ [/ i’

v 4

77
} ~»
Lot s e
S

”_/ (
= ba0
> 1/ /

roru No. 1.
)
Poupric Wokks DEPARTMENT. !
Orvice oF ConsuLTiNG ENGINEER FOR RAILWAYS,
; Madras, . Db = pRnasts 1890,
0/ g 7%;/ M‘%—/ M LZQAW S
L%é/ o :

No. J-{«l\“k l
SUBMITIED ~——— Z s e Govemmen%,n

\

Subject.— : az J i }_y |




o~ ‘/ "“ﬁw"f_A— > - L i b Al R
By T e
¥ -
‘-._ - *.\ < PEL 5.
b - . - - - .
. \ ..\
»

-

s

/M‘L‘

e gm__

4

i | ks,
71\7 L‘Z’CE a M%W"L&f
i % MR 44 4% 2 j /(44&_&‘/ %
SSaarley
| &q(( ol Lttevj Xlrhea o
L i "4

P

Lol suiil bl nd of 12"
fros s

welly sl ke oo loced
—if?- FUMORE ¥ C,W—ZL% Lle

/

ﬁ rofla @u% &/L-»‘wﬂ,&l Cocy

Ve K iy
Jhe Bt ﬁf«m ke d
i Wi o Pt
Cociniierds Hcin adoffn,

o &A/é srdecs are —
Lol de /\7@/@0@“7 g

% Ler-€ ee 4 ZL d/f””ﬁ&%

r~

M"’f il —




! Form No. 3,
’
ol 2 P ‘fﬂrﬂ? 2.9.70

‘357 § /3 .(7./PO

2s8/-21
) 2-2 0

» . 3/\3'2 07 7. /,;\0
-
3 7R 92/. /- 90

/? %?30@

. JLPustic Works DEPARTMENT, [
‘ram

Rarnway BRANCH.
Tue CONSULTING ENGINEER

FOR RATLWAYS. 1, PROCEEDINGS OF THE MADRAS GOVERNMENT.
Mabgas, .;. g : o ~ Unpsr date the -2/ %ﬁ/ﬁg
A

2p
‘ ' Reap the following
[ A

by ) o 2 b {
Dated ll‘& g o0 r ; “" ) A %ﬁd’ 07% Wﬂé% W 4 J4 %(7 i< Wfo r"
Recelved g 2 , , ; i

b S /" :‘,‘

|

No, or ENcrosures. «F / _ /
&

t

b'u/)}'ec T




No. (3()8 RC
" GOVERNMENT OF INDI
i UBLIGGWORKS DEPA ENT
ATLWAY Mm\l\
O:S;
%Y(f\ﬂ %o/w\k WO\RAJ o K /q,mwwmm:ko{ Modngs | , 
r’ "
(&Wﬁwms Bvomch ) @&A[,&Uw@r\/\a%z(wﬂd |
\ Armalen i 30*(/«8 80
oy ae

SMWGW«MWE‘
SUCar e @{r\j/ow\/ A C{sn R dok 171;&':% %90,
of B Aenie Gunoluonn WW f
sy WA 3 e i Ly g
O Bk Aol Of TRE faritirn, v ealigodinns
Aode AR v Vi AS Rk T ronedk Aunikadht,
Lt anwony EE TKollowrn Aol Uallanbamany
Apnlothnl AT Sowlron
2 . S i obarnd mmm
MWWM“WMW Aotine. Anrennin

: ('Aﬁu\/wxwwi};

s
ad AR pm—— ]
X

’ < St Tt gy



T A e S : -t
L
L

.

= Sop %/‘_’,: et i ,

| o Mg g oy i Gt of S

| Mr St Uk Dofantumonnt” Gl At 25845,

(BOB ™ vounel, dag (3 jpnlilay (€5 bt s it

oncts ain SN NANS VAV

F AU st

b ot o W
Cefuyof el by T Craanallivg

| @V\W%N\&MKMAW

(ot\ggm(ﬂ\%c}o.




RE e — p————1

‘ Wi ——. - —r T I
—. *’-»_ T.,q'z 3 e ot R

L

-

Note by the Consulting Engineer to the Government of India for
State Railways, dated 10th July 1890.

There is nothing in the information now furnished which induces me to
alter the opinions previously given that double wells are more suitable for the
foundations for the piers of the Pennair bridge than single wells, and that the
upper site is the preferable one.

The costof sinking a single well is certainly less than that of a pair of
wells, but if the work is done by ¢éxperienced men, the difference is hardly a
matter of moment.

8ir Guilford Molesworth’s opinion is quoted more than once, but I know

that he strongly objected to single wells in other cases. A perusal of the notes-
on Mr. Lambert’s estimate for the Guntakal-Hindupur line shows his remarks

on the Pennair bridge as follows :—¢ At the Pennair bridge T should prefer spurs
with protected ends running out at right angles from the main bund rather
than a continuous bund pitched with stone. The ends of the spurs should run
out with a flat slope of say 1 in 10, with a broad deposit of loose stone at the
foot of the slope.” -

' Mr. Lambert had proposed double wells 121 feet diameter, and the pre-
sui:)qptlton is that Sir Guilford Molesworth agreed, as he does not mention the
subject.

; .If well foundations are decided on, and bricks are not procurable for well
stelm_ng, I would much prefer Portland  cement conerete to rubhle masonry
as being far stronger, and, if the stones bave tobe dressed and summered, as
being cheaper.

Rubble masonry is by its nature little fitted for any stresses except direct
compression, while wells have to endure many different strains while being sunk
info position, -

. If concrete isused, it should either be moulded into blocks, to be afterwards
set in place, or moulded in situ so that the wells may be monoliths. I have
used concrete in both ways and found it most successful.

2] .;Q__js an easy matter to keep the sinking and the building up of wells pro-
gressing simultaneously. Much of the difficulty experienced in sinking wells is
due to_the loading and unloading system in which the sinking is stopped for

days while the wells are being loaded, This stoppage allows the sand or silt

to settle round the well and grip it, making the restarting troublesome.

By keeping the well “alive” and using the late Mr. Brunlees’ system
of. forcing jets of water through the curb just above the cutting edge very
little, if any, extraneous weighting is necessary in sinking through ordinary
sand, the weight of the well itself being sufficient if it is kept always on the
move, both night and day.

But in the matter of these foundations another question arises. In the last
report of the Chief Engineer, South Indian Railway, the probability of meeting
boulders overlying the rock is brought forward more prominently. Mr. Logan
iiyg 4 ]iisol’ated boulders ”—Colonel Gracey says ¢ large boulders overlying

e rock.’

In building the bridge over the same river for the Madras Railway, 25 miles
lower down, a thick boulder bed was met with, necessitating the use of iron
cylinders and pneumatic apparatus to sink them. This is'a matter which
should, I think, be carefully considered, for large boulders are very difficult to
deal with in any well, large or small. Again, the proper bedding of wells on
shelving rock is no easy operation, whether the wells be twelve or twenty feet
diameter, and can only be done by underpinning with bags of cement conerete
laid by divers. \

The Engineer can know nothing as to the actual way in which this is done,
having to take on trust what the diver tells him. A subsequent inspection
reveals nothing, for the concrete will have been filled close up to the top of
the well curb, and the real underpinning may have been scamped.
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