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No.18°, dated—June 1890,

From—The Engineer-in-Chief, East Coast Railway,
To—The Secretary to the Government of Madras, P. W. Dept.

1 have the honour to forward, for the information of Government, three alternative plans
for bridging the Kistna River near Bezvada, with estimates to correspond, and a report on the
project prepared by Mr. Spring, who has been engaged on this work since his arrival here.

As Mr. Spring has gone into the question involved in very considerable detail, it is only
necessary for me to touch on the main points at issue. The three most important questions—in*
fact the only ones we have at present to settle—are the site for the bridge; its length, which
involves all questions of waterway, cost, and such like ; and the most economical and advisable
span to be adopted.

As regards the site of the bridge, I never had any second opinion on that subject, but as
Colonel C. J. Smith appeared to be in favour of that above the anicut, hoping, I think, to find
rock at a moderate depth below the bed, I had borings taken on the line he suggested. These
borings showed that the material passed through was practically identical with that below the
anicut, nothing having been met with but sand and clay down to a depth of 110 feet. No
rock having been found in the river bed, we, were relieved from the necessity of comparing
the value or risk of well foundations on rock 30 or 40 feet below the river bed with deep ones
sunk below possible scour. The borings having reached a depth lower than any wells are
likely to be sunk in this river, were then stopped ; and as there was no further reason for
considering the up-stream site, plans and estimates were prepared for a bridge below the
anicut, :

The site now proposed is about half a mile below the dam and in direct continuation of
the line of the Nizam’s Railway, passing the town of Bezvada at its south angle, but injuring-
no buildings or valuable property. Mr. Spring in his report enters fully in the details of this
subject, and quotes largely from his experience and that of other Engineers on the Punjab
sivers. 1 think his information very valuable, and would be more so if applied to a bridge
built either above the anicut or further down stream ; but in the present instance the case is,
in my opinion, much simplified. The plans show that the flood water of the Kistna is, ab
Bezvada, much narrowed and completely confined by the two hills between which the anicut
is built. The hills cannot be turned, and by conngcting them with the abutments of the bridge
by means of solid pitched banks, we trained the river for the half mile between the anicut and
the bridge with a canal of constant breadth, with even solid side slopes, so ensuring, as much as
possible, a uniform flow, The nearer we approach this ebject the. more likely will it be that
each span of the bridge will do its proper share of work, and that a fairly uniform depth will be
maintained in each span. I do not suppose that in a river three-fourths of a mile wide, we can
attain all we could wish for in this way, but I feel assured that we can approach it more nearly
" in this manner and without risk than by ten times the outlay if the bridge were built up-

stream.

As regards the length of the bridge, it would, in my opinion, be perfectly useless to give
it a greater length of waterway than that afforded by the anicut ; in fact, if we did so, it would
be more likely to cause cross-currents and back-waters, which it is advisable to avoid.

The designs prepared are for —

One of 17 spans of 202 ft. giving 3,434 1, ft. of waterway ;
2 ] 4 » 250, » » 8’5 00 » » aud
» 12 » 300’ » » 3’600 2 »

During moderate floods the crest of the dam gives 8,400 1. ft. of clear flow and 3,700 L..ft.

in very high water.

To what extent, if any, it would be desirable to narrow the bridge below 3,400 ft., it is
very difficult to say; we cold still ensure a fairly even flow, but with increased velocity, and
then it appears to be a question how deep we can afford without danger to let the beds scour.
The only way in which we could arrive at any practical conclusion would be to build the side
training works as soon as possible to suit the length of bridge fixed on and note the action of
the current during the ensuing floods. At all events, I feel assured that at present we are per-
fectly safe in proposing a bridge which gives between 3,400 to 3,600 1. ft. of clear waterway
founded on wells sunk 75 to 80 feet below the river bed, and let the question of shortening 1t
by one or two spans remain over for the present.

With reference to the best span to adopt, if other things were equal,and we could
accurately caleulate the cost of our foundation work, then I would be induced to accept the
900 feet span in which the cost of the masonry and that of the iron and roadway are practically
equal. T have had much experience in well-sinking, and can only venture to say now that
there is nothing more uncertain ; deep well foundations may turn out most easy or most trouble-
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some, and to make a sound forecast with reference t i - . .
the other work there is no difficulty in seeing our way, (s)oﬂtllgx lIs i?,f]ngtg li?lilz)oss&l:li'. With all
safe and more wise to redu_ce the number of uncertain elements, namely Pthe n "a it woulq be
.the 200 feet span bridge, in which there are 16 besides those of the abu,tmentwe hs_, and reject
mon to all. It would then become a choice between the 250 and the 300 feetssg; I:Sch are com=

To enable you to compare readily the cost of each desi .
figures into the following form, from which you can co mpaii]g(';ﬁ:; f:o:ltazg :IPNI))W'I:] Mr. Spring’s
well as that of the bridges with each main head item added one by one e bridges proper as

17
208 fect, it 1500 teete”
Cosk of BridgoProper v . s~ io S 5 ol 86,08.500 27,41,500 29,72,300
’ ) ’ ¥
Approaches . . v L ek g s 2,54,000 2,54,000 2,54,000
2
3 Bridge and Approaches , . 27,58,500 29,95,500 82,26,300
Training-v&orks . . . | e

s ~ 5 . . 5,10,000 5,10,000

110, 5,10,000
Bridge, Approaches, and Training-works P . 32,68,500 35,05,500

Bervice works and Plant . . . . 3,68,000 3’ ’ el

: ¢ . FOREY ,68,000 3,68,000
. Total Bridge, Approaches, Training-works, Stores and Plant 36,36,500 88,783,500

. ; ,36, 373, 41,04,300

];Btabhshment . BT Hoal ol e By e . 1,62,500 1,68,000 1,87,700

e
' | 37,99,000 40,41,500 42,92,000
Contingencies . . eV W SR 1 . 1,16,000 1,19,500 1,34,000
|
39,15,000 41,61,000 44,26,000

The above table shows that the 200 feet span bridge, both by itsel :
items added, is about 2'4 .lakhs cheaper thanpthe 250gft;et :pau Zu;ts::fdnd ‘: lt}] the other
than that with 300 openings. A out 48 lakhs less

Again, the 250 feet span bridge by itself is 2'3 lakhs less than t
taken with approaches, &c., costs 2'6 lakhs less than the largs:r s;:n %Si(?gg feet span one, and

If the 200 feet span design is selected, I think the cos ie , '
increaset_l, but this w_'ould not be to a greater éxtent than 22 tg 050:3880[)1:;;;:: % ’ll)‘(lanes O%eav‘b >
span_bridge can without doubt be b.uilt for considerably less than the others but taki o-eeit[;
the circumstances of the case into consideration, such as the uncertainty and dela wit]nb ;
pect to foundatlgns,.bloc!(mg' the river course, and conveying more numerous eddié)s' and g 5.
currents, I feel justified in recommending either of the two larger span bridges. From cl 0‘57.
engineering point of view, I don’t think it matters much which is selected, but fr Wi
nomical one the cheaper one appears to be the most advisable, AJRATEPIL AR 690

Mr. Spring has gone into very considerable detail, not only i :
preparation of drawings. Doubtless all the girder designs “will b:np); efl)gret{]ei:,epsoil;-t Ii)&ult n tlhe
Rendell’s Office, but I beg to suggest that all the points noted by Mr. Bobiug, wit e;m‘n( er
to details which tend to simplify erection, and such like, be brought to Sir A. Rg;nd;ll’]srsoetlizgce

Whatever design is selected by Government, it is most desira :
:l[])emtlﬁnstPe puif'l in hand at once. These are—erection of staff quarter:l:htol;)as'b st}’,l:rg)-l:;} n&nn'ary
Su?:hcgr&f:l;zz -O materials. R A POnflderable_quantity of tools and ma.chinery, will be ree ls 3 "m]d
- qkrgiad 1119 erl‘y hexbpenswe m Lngland just now, and markets are in an uucert'u'nq Tet('
b el ch of what we require in India, both in Government and other stores ¥ th bt

get, I suppose, on application; but, as my experience teaches me that to purchas s g
ery ( Pl?rt"i&]al‘ly from lists). Wl_thout careful examination, is unwise to the hslt)ldc et
foeialzc:itn ";nSdP"“u%cll’:; s[i)zrmltteg to proceed to the chief Store centres in I‘ndia,e%vri?lil’ 11 Sl']g-
bl g P g .such articles as we shall require for the construction ;f lti“er

On his ascertaining what articles eannot be procured ily i i
(}l)ari ant iﬁdent on England for the remainder. Dﬁringreth:ezde:z l;;lv}: d,fénht(le co?_ltd Ithen pre-
one at Bezvada; it is therefore the best opportunity (possibly the on] i& ittle can be
haye for a most necessary duty. ' y one) Mr. Spring may
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Fuxtraet from the Proceedings of the Government of Madras, P. TV. [ 7809
Dept., No. 1034 R., dated 18tk July 1890.

Read the following :—
Tetter from the Government of India, Public Works Department, No. 582 R. C., dated 3rd July 1890.
Telegram from the Engineer-in-Chief, East Coast Railway Survey, dated 11th July 1890—
 Most important that Spring should go to chief Store depdts at once to procure plant for Kistna Bridge.

Please sanction this.”
Tndorsement from the Officiating Consulting Engineer for Railways, Madras, No. 497 A., dated 14th July
1890, with enclosures.
Letter from the Engineer-in-Chief, East Coast Railway Survey, No. 10%9 , dated—June 1890, forwarding

plans, report, and estimate for the construction of a bridge over the Kistna River at Bezvada.
Offg. Consg. Engr. for Rys., Madras’ endorsement No. 497 A., dated 14th July 1890.

Submitted to Government.
er-in-Chief forwards three alternative estimates for bridging the Kistna River at Bezvada, as

The Engine
follows :—
: Rs,
17 spans of 202 feet, giving 3,434 1, ft. of waterway, and costing , A 2 5 u . 89,15,000
14 ” 250 o » 8,060, » ” . . . . . . 41,61,000
19 i 800w 551 5,800, o5 A " . o 0 ek Ll e e ,36,000

These bridges provide for a mixed broad and narrow-gdugs railway and for a roadway, all on the same

level.

9. The site selected for the bridge is about half a mile below the anicut, and is in my opinion preferable to
that proposed above it, If the bridge were built above, if would be.impossible to predict exactly what effect the
piers would have upon the currents in the river approaching the anicut, but if it be placed half a mile below, and
the river between the bridge and the anicut is trained in an even channel, an equalization in the velocity of the
water over the whole discharging channel must be produced, and the general resu(it must be beneficial to the stabi-

lity of the foundation of the anicut.
3. The bridge should, in my opinion, have about the same length of waterway as is given at the anicut

(i. e., between 3,400 and 3,600 feet, depending upon whether the flood is moderate or very great), and should offer
as little obstruction as possible to the equal flow of water over the total length between its abutments. I there=
fore think that moderately large spans with no pitching round the s;iers should be adopted. Pitching round
the piers is of course desirable when the stability of the bridge only.has to be considered, but in this case the
*stability of the anicut is of infinitely greater importance than the stability of the bridge. It is possible, though
not probable, that the deepening of the bed of the river between piers heavily pitched might in time of an ab-
normal flood reach as far back as the apron of stone at the base of the anicut, and endanger the structure.
Piers must to a certain extent obstruct the ohannel.and‘csu_se u_nequnl currents, and it is desirable, I think, in the
sresent case not to increase the obstruction by heaping 1n pitching also. I believe piers founded 80 to 90 feet
{mlow the cold weather level of the water in the river would be perfectly safe without any pitehing; the spans

should, I thinlk, be 250 feet, and the total waterway 3,600 feet.

4, 1t is proposed to construct the bridge for a broad and narrow-gauge railway and a roadway all on the
game level. The broad gaugeis of course necessary, and'the narrow gauge is also, I think, required, as the South-
ern Mahratta Railway should have access to the town of Bezvada even if no extensions of the metre gange is
ever permitted north of the Kistna River. A fourth rail sho}xld, in my opinion, be laid for the metre-gauge track,
otherwise the unequal weights will cause unequnl_deﬂeohons in the girders and consequent oscillation in the
metre-gauge trains. The roadway, if constructed, will not, I think, be of any value ; the distance between the
points at which carts would enter upon and leave the railway would be about § mile apart, and the time of transit
would probably not be much under half an hour,and there is not room for two carts to cross each other. When
the Fast Coast Railway is open throughout, probably at least three metre-gauge and four broad-gauge trains would
cross the bridge daily each way, or at least 14 trains in all, or the trains would average 1% hours u%art. It would
be necessary to begin clearing the bridge at least 30 minutes (the time of transit of a cart) before the time
arranged for thearrival of a train, leaving only 70 minutes for cart traffic. If late trains, engines running light,
and the other contingencies of railway working, be taken into consideration, no time would be left for cart

f a cart road would be an unnecessary expense unless it is re-

traffic, and I therefore think that the provision of a ] "
quired for military purposes ; footways might be provided outside the girders for the passage of foot passengers.
It mny be thought that I have over-estimated the number of trains that will cross the bridge, but if it be
tories in Southern India must eventually receive their

borne in mind that the whole of the railways and manufactories
e i y it will, I think, be admitted that my estimate of the

supply of coal from the Singareni mines across this bridge,

traffic to be expected is not excessive,
5. In my last paragraph I stated that in my opinion 14 broad and metre-gauge trains would pass the

Kistna Bridge daily soon after the opening of the East Coast Railway, and it is possible that thig number might
be largely esceeded, and I am therefore of opinion that the masonry of the bridge shm}Id be built for a double
line of railway, the girders for the second line being erected'When Trequired. The immediate extra cost would not
probably exceed one lakh of rupees, whilst the ultimate saving might be more than ten times that amount.

6. I am therefore of opinion—
(a) That the site chosen for the bridge is suitable.
(b) That provision should be made for both broad and metre-gauge trains across the bridge, but that
separate rails should be provided for the latter, so that a passing narrow-gauge train would cause

an equal deflection in both girders.

(¢) That the provision of a roadway for carts ab rail level between the girders will be useless unless re-
quired for military purposes, but footways might be provided outside the girders.

(d) That provision should be made in building the bridge for a double line of railway, but that only
girders for one line should be at first evected.

(¢) That the bridge should be 14 spans of 250 feet. ‘

(f) That the wells should be sunk about 80 to 90 feet below cold weather level of the water in the river,
and no pitching should be used round the piers.

(9) That each pier might be founded on two wells, 25 feet in diameter, pitched six feet apart and corbelled
out tomeet each other. The wells might also be corbelled out about 3 or 4 feet up and down

stream to carry the cut water of the piers.

40 of R. C,,
July 1890,
39—40, A,
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7. When the design of the bridge has been finally approved of, the w : :
Richardson and Cruddas, Bombay, or some other firm in Igdif.pto save time. MeB glll;:'li):ozx‘xlig l;ntt 'l\)le‘Obtmned S
by the Engineer-in-Chief, be deputed under his orders to visit the completed works in India %vhe( ah a-i' “l‘)‘l‘r’-’geﬂted
is for sale, in order to select what is requisite for the construction of the bridge. In the meanti b i,l;;l B pan
of stone and other material for the bridge should be put in hand. It is useless bringing the wellllle 1: collection
there is no stone to build the wells with. Quarters for the use of the staff must also be b 'l:ur il A
should be lost in commencing this very necessary work. wlt, and no time

8. The rates entered in the estimate are not, in my opinion, excessi :
gin which should prevent any call for extra funds in t{hﬁ-e. v SEpeasivey bukab tho satse time they leave a mar-

Office Note to Clief Engineer for Irrigation, dated 14th July 1890,

No. 1034 R., dated 18th July 1890,
Order thereon by the Govt. of Madras, P, W, Dept.

Ordered that the following tele : : . ¢
Railwa; eSrLeuvey = g telegram be despatched to the Engineer-in-Chief, East Coast

“ Please order Spring to proceed to Simla about 1st Auoust to 3¢ .
Bridge, with Consulting Engineer to Government of Ind?a, dlls)tlz:lb;z Ph:lns, Kistna
will be sent on from here as soon as possible.” 3 and estimates

and that the following letter be addressed to the Government of India s

No. 1035 R., dated 18th July 1890, [ 7809

From—Lieut.~Col, T. Gracky, R.E, i
R B nolf » Offg. Joint Secy. to the Govt, of Madras, P. W, Dept.,

To—The Secretary to the Government of India, P. W. Dept,

I am directed to forward, for the consideration of the G
; s 4 overnment of i
Proceedings gt this Government, No. 1034R., dated 18th July 189(;: w?thl‘sg;gé eigpgmﬁﬁdt'h?
the estimate by the Engineer-in-Chief, East Coast Railway Survey, for constructi ) ie(
over the Kistna River at Bezvada, P de sunig.w bridge

2. T am to state that the Government of Madras oenerall :
: s, i ; v Yy concurs in th v
suggestions mado by the Officiating Consulting Engincer, and cspecially as regards the wseless.
ness of constructing a roadway for carts on the same level with the railway, L

3. The Chief Engineer for Irrigation has heen consulted, and jecti
whatever to the proposals made for bridging the river at the 2ite Z?;::nfhat ki

4. T am directed to state that His Excellenc i i

: : . _ 3 y the Governor in Couneil 3

1_mp01ta‘nce to the completion of the bridge over the Kistna at Bezvada, alndat::c;lt]:sbtsgtrﬁ::
very early orders for gomm.encmg'the work may be given. He considers that the iron well
cgrbs should be obtmpgd in Ind.la, and that Mr, Spring should, after completing his work at
S)mllfa, be(;leputt:;d to v1s2§ thil:'arlo'ills depdts where suitable plant is available for the bridge
works, and in the meantime the collection of materials and th i . -
ke bl e construction of staff quarters

Government of Iudia Central Printing Office—No. 545 P, W, D,—25-8-90-100,

AR A

KISTNA BRIDGE.
REPORT AND ESTIMATES.

INDEX.
Para. Subject.
‘ I.--THE SITE SELECTED.
1 | Site generally. ;
2 | Up-stream site.
3 | Reasons for rejection of upper site.
4 | Objections to site in very close proximity to anicut.
5 | Reasons for selection of down-stream site.
IL.—APPROACHES.
6 | The bounds of the project,
7 | The two canal bridges.
8 | The approaches.
1II.—TRrAINING WoRks,
9 | River training in general.
10 | Facilities for successful training at site selected.
11 | Design of the training bunds.
12 | Construction of the training bunds.
13 | Permanent tramway for training works.
1V.—R1vER Discmarce.
14 | Known discharge of the Kistna.
V.—SPAN SEcrrons.
15 | Pier protection stone. : ;
16 | Type sections of spans as influenced by pier protection stone.
17 | Span cross sections.
VI.—Vsrocrry.
18 | Fall in bed of Kistna.
19 | Probable velocity in open river. :
20 | Variations in the velocity of parts of a river s_m‘face.
21 s » in the spans of a bridge.
22 | Span sections most favourable for discharge.
23 | Probable velocities through spans.
VII.—SPANS REQUIRED.
24 | Probable duty of a 300 feet span.
25 o discharge of ten 300 feet spans.
26 o causes of Jocal abnormal velocities.
27 | How to secure uniform span discharge. ¢ !
98 | Minimum possible number of spans of full'discharging action.
29 | Ten spans of 300 feet recommended.
VIII,—REASONS AGAINST CVER-CONSTRICTION-
30 | Extra spans needed to dispose of early part of flood before scour oceurs.
31 | Difficult to alter position of southern truining bund.
82 | Ten 300 feet spans recommended,
IX.—OBSERVED ACTION OF THE CHENAB RIVER.
33 | Examination of sections of Chenab spans, and average depth of scour.
84 | [rregular working of the Chenab spans,
35 | Comparison of Chenab spans with the “ type span”.
86 | Extraordinary changes occurring in span sections.
37 | Chenab soundings.
38 | Length of anicut no true measure of length of bridge.
39 | Fewer spans would have sufficed to carry the Chenab.

Yeasons for reference to Chenab figures and observations.
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%. When the design of the bridge has been finally a roved of. t L %

Richardson and Qruddgs, Bombay, or some other firm in Igdif.p to save timl: v;de}} gl:)ﬁ,:our:\lﬁv};tt ble"Obtamed S
by the Engineer-in-Chief, be deputed under his orders to visit the completed works in i “ also, as suggested
is for sale, in order to select what is requisite for the construction of the bridge. In the meané‘,"re sxi:table plant
of stone and other material for the bridge should be put in hand. It is useless bringing the lxlllle the collection
there is no stone to build the wells with. Quarters for the use of the staff must also b V:Je L curbs to site if
should be lost in commencing this very necessary work. e built, and no time

8. The rates entered in the estimate are not, in my opinion, e i s
gin which should prevent any call for extra funds in I}:lh}.)re. o Cheosalvy bukkas iz sams o they ledyeamar

Office Note to Clief Engineer for Irrigation, dated 14th J uly 1890.

No. 1034 R., dated 18th July 1890.
Order thereon by the Govt. of Madras, P, W, Dept.

Ordered that the following tele ’ . 3 .
Railwa; (gurvey i g telegram be despatched to the Engineer-in-Chief, East Coast

« Please order Spring to proceed to Simla about 1st August to di \
Bridge, with Consulting Engineer to Government of Ind(i)a dlgi:z: P]t:ins,_['(lstna
will be sent on from here as soon as possible.” } and estimates

and that the following letter be addressed to the Government of India :—

No. 1035 R., dated 18th July 1890. [7809

From=Lieut.~Col, T. Gracky, R.E. i
R, o e Offg. Joint Secy. to the Govt, of Madras, P. W. Dept.,

To—The Secretary to the Government of India, P. W. Dept.

T am directed to forward, for the consideration of the Go

T ted vernment of i
P};oceeslmgs lgf this Government, No. 1034R.., dated 18th July 189(;: w?thl“é‘ﬁ}i‘ﬁ ?gpgmﬁidt'hﬁ
the estimate by the Engineer-in-Chief, East Coast Railway Survey, for constructi o
over the Kistna River at Bezvada, e i, Tres

9. T am to state that the Government of Madras generall i

! Gove y concurs in the pr
suggestions made by the Officiating Consulting Engiuger, and especially as reg:rdglzggsziiland
ness of construeting a roadway for carts on the same level with the railway. i

3, The Chief Engineer for Irrigation has heen consulted, and
1 tates th jecti
whatever to the proposals made for bridging the river at the site Zl?o::nf g U

4. T am directed to state that His Excellency the Governor in Counci
importance to the completion of the bridge ovexy the Kistna at Bezvadar,“:rlndat::(;g::tsgtrﬁ::
very early orders for c_:omm'encmg'the work may be given. He considers ihat the iron well
cl.ll'bs should be obtmpgd in India, and that Mr. Spring should, after completing %is work a
Simla, be deputed to visit the various depéts where suitable plant is available for ti’ld\b\. €

works, and in the meantime the collection of materials and the construction of staff quarters ==

should be put in hand,

Government of Iudia Central Printing Office—No. 545 P. W. D.—25-8-90~100.
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KISTNA BRIDGE.

REPORT AND ESTIMATES.

INDEX.

Subject.

I.--THE SITE SELECTED.
Site generally. ;
Up-stream site.
Reasons for rejection of upper site.
Objections to site in very close proximity to anicut.
Reasons for selection of dowusstream site.

-J1.—APPROACTHES.

The bounds of the project.
The two canal bridges.
The approaches.

I1IT.—TraiNING WoORES,
River training in general.
Facilities for successful training at site selected.
Design of the training bunds.
Construction of the training bunds.
Permanent tramway for training works.

1V.—R1vER DiscHARGE.
Known discharge of the Kistna.

V.—SPAN SECTIONS.

Pier protection stone. : )
Type sections of spans as influenced by pier protection stone.

Span cross sections.

VI-—VELbCITY.

Fall in bed of Ristna.

Probable velocity in open river.

Variations in the velocity of parts of 2 river surface.
» , in the spans of a bridge.

Span sections most favourable for discharge-

Probable velocities through spans.

VIL—SPANS REQUIRED.

Probable duty of a 300 feet span.

: discharge of ten 800 feet spans.

causes of local abnormal velocities.

How to secure uniform span discharge. -
Minimum possible number of spans of full discharging action.
Ten spans of 300 feet recommended.

VIII,—REASONS AGAINST CVER-CONSTRICTION.

Extra spans needed to dispose of early part of flood before scour oceurs.
Dificult to alter position of southern truining bund.
Ten 300 feet spans recommended.

I1X.—OBSERVED ACTION OF THE CHENAB RIVER.

Examination of sections of Chenab spans, and average depth of scour.
[rregular working of the Chenab spans, )
Comparison of Chenab spans with the “type span”.
Rxtraordinary changes oceurring in span sections,
Chenab soundings.
Length of anicut no true measure of length of bridge.
Fewer spans would have sufficed to carry the Chevab.
leasons for reference to Chenab figures” and observations.
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Para, INDEX—continued. "k

Subjeet. 3 KISTNA BRIDGE.
' P e T LT . Report, Desygn, and Dstimate by Mr. . J. E. Serive, M.I1.C.E., E A
g o rion of cost of three bridgen of equal angth . e ‘ Engineer, Kistna Bridge. ’ A s
e cormparison which is Sonsidored faipep ¢ %01 B :
ered fairer than either.” &
oy o I.—SITE SELECTED.
) R Site ggnerally.—The bridge which is the subject of this re is 1
88 | Riks i the sinki ExcINszaixe spvaNTAG Bellary-Kistna metre-gauge Railway with His Highness t} Nport s mten'ded to connect the
Possi nking of numero ES OF LARGE = i i i i e Nizam’s Guaranteed broad-g
46 Cz;’:\)\efEWectsoi a breach ;M{:; wells, SPANS. o Railway. The River Kistna is here confined by the natural features of th g e oy
AT |\ The ?a:ge?:\ exm;ded down-utrea;‘n;:‘;lt. ¥ i width, between permanent bank, of three-quarters of a mile. The site w?l cgm;{ny into a
ass of spans rewmmeuded“eﬂ% of an abnorma] ¢ ey narrowest has been chosen for the anicut, at the town of Bezvada, and from tl ‘ehe l:e o i
. urrent, . anicut the Buckingbam Canal takes off on the south side, and the Ellore Llle al!1 Bl
e 3 Vesey Canals on the north side. The existence of the anicut has had a ve;t;u;gatgt{:n " zlu;d
40 | The double pol I, R influence upon the question of the sit : 2 : o el e
50 | Size of the ‘gzlf;g‘oual well. XIL—Wgrys, : B oy und‘;r consigeration. ite as well as upon the design of the Railway bridge “which
s 9, Up-stream site.—1 have not had the advantage of -
g : i ; a perusal : ; ;
subject of the crossing of theKistna, so, except from?leal'say,l)l kn:\v(:xfot};)li?,‘:;l]l,sog: }zileso on the
)

and Mr. Furnivall, and by the Madras frtigation

‘ y Material of the wells,
T which have been expressed by SirG. Molaiwerss
authorities, with reference to the site and to the scheme generally, T understand, however, that
. s er, tha

XiIL—p
~PiERs AND Apyry , ri !
ENTS, | a position for the Railway bridge on the up-stream side of tl : ; !
o able degree of support,and I know that borings have been rece]:t f‘;’zzllltil?i}se;icf;ved a consider-
ctream site, in the expectation that ground more favourable for foundati e pr?posed up-
t-at the down-stream site, ons would be dis-

covered there than was known to exis
per sile.—Certain dangers and difficulties would have

5 Design ¢ "TK .
52 206 feet ;iigzrwﬂl:l:l'l'd piers consi dered? 206 ¥eET Giapgy Barvoy s 3. Reasons for bhe rejection of the up,
delled on that of 4, CLnadoqnnte. ; 1 had to be encountered at any up-stream site which do not exist at the positi .
- e been fixed upon as the basis of the project herewith submitted for a 1;051 ion which has now
| have had to be trained beneath a bridge of about the same lenoth aspxt)hova . The river wouald
inals of the training bunds of a river with a moder:teal;li(:gb,of?fé(;o;hougél
8 need,

3 206 ,,
] » brldge collde
mned,
7] the up-stream term :
ecautions, give rise to no very special anxiety, the training works heads of sucl
s s of such a

with proper pr
tna, with 30 feet of flood, would, unless, as in the present project, they terminated
)

51 Desi
52 s1gn and materi 1
» of the ab\:tl:nle:i:.he plers,

56
The XVt x
67 general desi HE 252 s
8 ign of th : FEET G . ; / 5
= lﬁ’ﬁﬁfxlac? ':)tfu{,” n the d@f?&“" girder bridge “PER Buivgn, A8 river as the Kis
readth of giufer the girdor, 3 7 in permanent anerodable banks, have been a constant source of d :
on material requs o | ] iti ificulty al anger and anxiety. Were the
equired for wing P up-stream position selected another difficulty also would have had to be met and ad
Pressure, ; that, namely, of the crampedness of the space Whioh it sither side of the fiver i Pl‘&‘l ed for,
: able for the stations and jupctions of existing {:nd future lines of railway Tilsele ie;e ‘2‘{:}11&
. b AR L R
h would have to be encountered by the Irrigation Department

89 | The o ‘
60 girder general| XVL~1
ho trpe of girder, HE 300 rERT Giapgy 8 and more serious difficulty whie
3 = had the up-stream site been se
' of the bridge would work equally well,

lected, uazngl);,llzht?[) iﬂ;)p(;)s_sii_bility of ensuring that all the spans
an robability that ‘some comparativel
nter the worst of the stream. In t{:e alt:Zn%esg;’al;

61 a
o |Soming o i,
gg X-em"“’ struts . ‘
65 iagonal ties, o portion of the anicut would always encou
] pridge on the up-stream side the river now concentrates itself between the hi
“ over the anicut in a broad equable channel. For a considerable distance, howe:e?lgz,waxildtﬂows
from the piers of a bridge with the usual boulders around them, great swirls occur le:ireha!n
o the neighbouring anicut. Worse than ’this ics tl]:;

g | Coss girders, ordinary.
themselves would be a source of danger t

67 e » special, :
. fact that, owing to the obstacles presented by boulder-protected piers to the free traversing of
™

omehow happens that in a bridge which is too

68 = » toP.
69 | Trimmer, ™ddle.
70 Gﬂllge:n. =
g.lz Roadwag, . . the main stream from side to side at will, 1i)t'. s ]
73 | Road keyt,© rPR0SION. large for its work a com aratively small number of the spans, four el
7 Gaifdkf:i‘;; e to gbe found doing far Imore thg’n their fair share of thepwork,oarlldp;l:;:i[:ﬁ: 2{1: 1":,’&3; etilsually
gg ongitudinal gle : b at quite an abnormal velocity, while the remainder of the spans are doing Little. or e;en“;lo‘?gh
o ?Ied.sm"" epers, " nothing. A concentration of current of this sort upon a portion of the setonb Bt il (’.‘;’g
78 Batta e Jength could not but be a source of serious danger to it sooner or later. - i
79 | Rivets, 18 of ties, w 4, Objectinn to a site close to the anicut.—Were the bridge constructed in close proximi
, 3 to the anicut, the flow through the openings would, by the influence of the latter \vogi Elmll)tty
Jess be equable enough : but not only would access to and from such a position g 011)1 .
80 exceedingly difficult, and well-sinking have been likely to have been constantly impe dedegn
-+ Programme fop completion § xvu"c""l’rnu the occurrence of anicut stone, but the ¢ blows ’.’ and subsidences so constantly occurri K
82 » for ﬁ"tpweo:z?n‘“ March 155 CTI0N Forgoase, during well-sinking operations would almost certainly have injured the anicut : and this l?snb
ga Permanent .ft‘:.'ﬁucond and tﬁi:snwn. y : contingeney which, under no circumstances, could be permitted to oceur, so serious would be th:
sg Eszfn staff, Working seasons, 3 R4 effect on the canal operations..
86 Impor;;;n g v . 5. Reason for the selection of the down-stream site.—The site which has been fixed upon
ce of an early stq Rt in the present project is about half a mile down stream from the anicut, and therefore welll ;
or collection of plant ang ‘ of the influence of the abnormal velocity to be found in its neighbourhood. It is in ex(:lut
87 | Posst stores. continuation of the present alignment of the Nizam’s Roilway terminus. It has this sur asqinc
88 g::;b:e reduction in fates XV advantage, to my min 1, over any other site that might be selected, of presenting such s dl:l‘e‘g
St possible estimate of IL—Tus Estiscary tion tow?;rds the flow from the anicut that, by smooth sym metrieal traininE bunds, whi LI;
nal cost of ent; : ‘ at their upper ends terminate in permanent unerodable banks, the river may be led ‘;ith(:fxt
any violent deflection, between the abutments of the bridge. ’

ire schmo.
BT — 11.—APPROACHES.
‘ : ; 6. The bounds of the project,—In the absence of.any definite understanding as to th
precise point ab which the operations of the Bellary-Kistna Railway may be considered to end?




4

and those of the Kistna Bridge to commence, at the south i

nience, ass?med that the bridge over the ’Bucking-ham éﬁl:;llwl;ﬂvfesr?ns: m:tter of conve-
Bridge project, and that the Bellary-Kistna Railway staff will bring their lipar of the Kistna
abutment. Taking the south end of the Buckingham Canal bridge therefn_e up to its south
point, 1 have slml}arly considered t:he north end of the Bezvada C;n;,l brid ore, as the starting
point of the project referred to in the present Report and Estimate No%& asf the terminal
Canal the ground is owned by the Nizam’s Railway, and it appea.rs' rob: b‘l ‘otl Nt graiin
work is needed to _connect the Kistna Bridge projeet with that Raila'a . ed at, whatever
Coast Railway, it will ab least form no portion of the present project Tl{', and with the East
nals is, however, 2 detail which can be settled at leisure. ! 1s matter of termi-

7. Two canal bridges.—The distance from oint to point i ;
For !:hg purposes of the present estimate, I havg consideri:ldnttﬁ;azbggg a;‘xvn Ll thr.ee quarters.
consisting of three spans of 60 feet girders on 30 feet wells, ave likel too canal bridges, each
each. This rate 1s based 13)011 experience of the running foot rate ofysimi(l?ostbnl.)out Rs. 75,000
If these bridges are omitte from  the project, the estimate may be cut 31’ ridges elsewhere.
over a lakh. These canal bridges would of course carry a roadway for ca.rtgwu |l bl

8. The approaches.—The estimate of the cost of the a
sary cart-road, and also that of a thir‘d rail for the metrepg;?ﬂfg o fﬁvzl(':s thg t of the neces-
wishes of the Government of India in the case of the Chenab Bridls a6 s(]!or‘ ance with the
estimates have been prepared for the bridge proper, the approaches, S the tl:alinsi:agh, Se{;ﬂmte
works,

III.—TrAINING WORKS,

9. River Training in general.—The papers which are i '
Gfo&ernéx}ent of India upon the subject ofpt.}rl)e training of theag,?sgg Cﬁﬁ:}f Eoé“?eSSiOn of the
of the River Indus at Derah Ghazi Khan, and the more recent report which ab ier Shah, and
probably been made regarding the training of the Indus at Kaffir Kot (;nak y'tthls (T
l]lfpissal‘g’ that I should here re-open the question whether the training of sucl;3 19,’ }-)_erhaps, oo

11?! na rg means of the smooth protected embankment system is, or is not feasiblenve(; as the
ca le. g okmy mind the question has been definitely settled, and it Would’add notl i
is already known and on record were I here to attempt anew to haudle a subjec SOR o syt
already so ably dealt with. subject which has been

10. Facilities for successful lraining at the site selected.—~The si ich i
B I 4 : et te ,
zg;tt:]lfe blltlg,:}ng Olf' the Kistna is so exceptionably favoured by natu;‘;h::}:l ll?ync?,‘-; IARCeN
: qgluls ion wl 1.01.11 uuderstangl to be a source of difficulty to many Engi “!flstmlces
q:(llme y, of the possibility of the training bunds being outflanked, does not here e Shat,
sideration at a!l. Both _the training bunds can be made to abut, at their .a‘llse sor i
ground into which there is no danger of the river eroding. ! up-stream ends, into

o 1. Design of the training bunds.~The question of the possi ;

{)emg therefore set at rest, it remains to qdetermine, ﬁrstl,) ‘;lsli::(l:esﬁztl-]ga{;g 1tnhg of the bunds

I;tlnmls{)and, seqond, tg what extent 1s it permissible, by their aid, to constrict eﬂsectxou of the
ate 2 shows in detail the eross section which I propose to adopt. It is a modifi 10..Water\vay .

bund recently construeted, and in successful action on the Chenab, with su thCa(fixo.n‘ of the

’;alllt:mtxo:s as appear to 1me tfo lﬁe ca!led for by the different conditions ;revailiu; 0?1 l‘;ll:zl(ig? élnd

reater r Y } 1 =4 e Il
stou%. r soout, mamly, of the iver, nd ‘the comparative cheapuess and Plentifulnesssn(?é

12. Construction of the training bunds,—The bunds i i :
abutments of the bridge will, as gn the Chenab, be form(::’lh(l)?fhu gbu;glt: ot;] zagilve;: i ey
with a sufficient covering of loose stone. The pit from which the sand for the b i e
will be so dug that it may form the bed for the horizontal layer of loose ston e] 3'13 ol i
level, which forms the continuation of the stone-faced slope, and which as,t? id at low-water
ally undermines it, may be expectefl to dribble down until the full deptl; of tllle river gradu-
scour oceurs, has become covered with the desired layer of protecting stone AL

]3. T aim:ng wo"kﬁe ﬂlane‘nt t amwa —Tl lans an S f

7 } 7 : 7 Ve 1€ ¥ d estimates prov'de or the per-
manent est;ubhshment of a m,amtenance railwa from the qu rri l' no :
" i b ; ; rai y arrvies to the tramm,, works on

IV.—RiveER DISCHARGE.

14. Known discharge of the Kistna.—In arriving at a decision a ;' :

for theoretical, modiﬁed by practical, reasons it is g(lvisable to P"O:igz ﬂtglgh;vall{t?sltwayl}‘ghwh
we have at our disposal a figure, for the discharge of the river, which is of greater vl ridge,
a}lthen:ucnty than those usually at hand when the waterway of an Indian bridee i vu(:lue oty
sideration, The Canal Department’s anient, which is situated about half a bm_]s unb HACR
bridge site, passes the _Whole of the flood waters of the Kistna, except the com . et'a ove the
share Of.lt which is carried oﬁ. by the canals on each flank. These floods havepalm ively small
been reliably gqugec_l. The highest known flood, with reference to which the r, f:] gd.ersta“d;
been designed, is said by the Canal Department to have discharged, at its hei?rtfze%.) Orldge ha
P B e, T e e o o e iy
caiatall, pendently at the discharge of the river from considerations of drainage arenyzlxlxlxa

* the data which are available, which wi

b
o : V.—SpPAN SECTIONS.

15. Pier-protection stone.—As in all the large up-country bridges for the last twenty
years, a Iass of some half a lakh of cubic feet of loose stone thrown around each pier forms
an essential feature of the design. The subject of the ultimate form and destination of this
pier-protection stone, like that of the training of rivers, has already received the careful atten-
tion of well-known experts, and the Government of India are in possession of very full inform-
ation on the subject. 1 may therefore be excused from attempting here to handle this im-

ortant subject with that degree of care to which it is entitled. It is well known that this
pier stone is, in the smaller class of spans, usually engulfed in considerable quantities, and
also that the larger the spans the less is the engulfment. Probings, annually made during
several years, at some of the large bridges, clearly show that the ultimate tendency of this

ier-protection stone is to assume a slope which gives to each span a cross section of which

{hose represented on Plate 2 are a fair type.

16. Type seclions of spans as influenced by pier-protection stone.—The stone may sink
¢ than is shown in the type, and may be engulfed down the side of the wells in large
however, for the present purpose, to refer to the typical section, because not
only is this typical section the one which, by the constant care of the maintenance engineer in
keeping his stone within touch at the piers, the span has ever a tendency to assume, but be-
cause by taking the larger section which would be given if both masses of stone dropped far
below the wells, I <hould be calculating on a far Jarger area than I should be justified in ex-
or in counting on for use in an argument in favour of lessening the number

lowe
unantities. I prefer,

pecting to oceur,

of spans,
17. Span cross sections.—~The maximum possible depth of scour of 50 feet below lowest low-

water having been assumed, Plate No. 2 gives a seb of three comparable sections of the three

classes of spans—206, 262, and 300 feet—for which estimates are now submitted. I now pro-

ceed to investigate the discharging power of the three sorts of epans,
VI.—VELOCITY.

18. The fall of the bed of the Kistna.—Up to the present T have been unable to procure
any record of the velocity of the Kistna in flood. Levels run for a distance of b miles down
from the anicut show afall, during the low-water season, of 0:60 feet per mile, or 1 in 8,800 :
this figure, however, is unfortunately not a very rglmble one, as a rise in the river was in progress
while the levels were being run, and this had to be approximately allowed for, Arrangements
are now being made for ascertaining the velocity of the river during the ensaing flood season.
In the meanwhile the following considerations have led me to assume a velocity, based upon

11 perhaps suffice fqr the present investigation ; because
the margin, which practical reasons compel me t0 allow, is, I think, large enough to cover any
errors in the nice ascertainment of the true velocity of the stream.

19. Probable velocity.—The discharging conditions of a section of an unbridged river and
those of a bridge are two entirely different things. In the unbridged river the velocity at
different parts of the breadth of the stream 18 Very much more equable than at a bridge, the
boulder-protected piers of which present a serious barrier to the side traversing and to the auto-
matic equalisation of the several currents. The unobstructed area at the bridge site, from bank
to bank, during highest flood, is 143,000 square feet, without scour. This area would pass the
full discharge of 820,000 feet per gecond at a mean velocity of 573 ft, sec. When the
Mississippi formula is applied to this area, and to a fall of 08 feet per mile, a velocity of 5'04
ft. sec. 18 arrived at. If this latter velocity 18 fairly correct, the 820,000 feet of water
would need a cross sectional area of 164,000 square feet, and this it would have no difficulty
in providing for. itself by a comparatively moderate scour of 8 or 9 feet over the erodable

portion of the floor of the bridge.
90, Variation of the velocity.—TFor a g33-feet flood this velocity, b feet per second, or 3%
miles pe face current will doubtless considerably exceed

r hour, is extremely slight. The sur ¢
shis in places, and though in some of the spans of the bridge, as is always the case, the sur-
face velocity will rise to perhaps nearly double this, other spans will stand comparatively idle.
In the following gorecast of what the spans are h_kely to do, I have attached due importance to
r mode of action.

this well-known irregularity in thel

91, Variations of velocity in the spans of bridge
the river through the unobstructed river chann_el. The problem of its passage through the
gpans of the bridge presents greater complications. No known formula is perhaps quite ap-
plicable to the case of any one span in a long series on a broad river. As already mentioned,
the local differences in the velocity are quite extraordinary. I have in my mind the case of

certain spans through which a well-trained crew i

found it impossible to pull a boat, while a
few minutes later the same boat actually drifted npwards through a neighbouring span. The
surface of the flood water across a great river 1s

seldom or never level or even nearly so: local
deep scour through certain spans bas always, up to a certain limit, a tendency to cause its
own inecrease ; the deepened span a

ttracting to itself, as it were, more and more of the current,
by, 1 suppose, the favourable alteration of the hydraulic mean depth.

99. Most favourable span sections jfor discharge.—~The most favourable cross section for
discharge purposes which ever is likely to oceur, in any one span, is represented on Plate 2,
where a sconr of 50 feet be

s.—So much as regards the velocity of

low low-water is shown as occurring in the middle of thespavs. It
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would be quite unfair to take these maxima cross sections in estimati

that will suffice to pass the river, because ouly two or three o :

working so well : the others will always be.in a more or less silltteg £ :11[1)1 t:;i ;_I::}ns will ever be
however, arrived at the general conclusion that an average velocity of 5‘ ;on. We have,
may be expected 1n the unobstructed river, and it will now be interestine teet per second
velocity we may expect in the hardest worked span. g to enquire what

68, Probable velocity through the spans.—Taking then the areas and perimeters sl
shown on

the plan as appertaining to the 206, 252, and 300 feet spans : :
fall of the river, we obtain velocities which vary with diff[o)eren;; ?oti'(}ntﬁgp]{)ulg the ascertained
be taken as for the above three classes of spans—17, 74, and 72 feet e S’QC:ndWhlch may fairly

ng the number of spans

VII.—SpANS REQUIRED,

94. Probable duty of a 300-fect span.—1I shall first tak.
which I am of _opinion ought to be adopted, and shall a.f(,:rtv}alxicﬂaiz]gf the 800 faet girders,
waterway required by, the other classes of span. It will be seen from ;l up the case of the
feet span, which is doing its utmost, may be reckoned on as offerine f an No. 2 that a 800
water an area of about 19,000 square feet, and it has been seen that %)r th? passage of the
of, let us say, 7 feet per second may be counted on. Now it is fairl 26 N Ayt

experience in other rivers, that at least in some of the spans the v'}; certain, judging from
than 2 feet per second, and that there will be no scour at gl] buhL tolclty will not be greater
gently over the unaltered cold weather bed. Such a span would res {5 the river will run
square feet. Thus the best of the spans would be doing a dutp ent an area of, say, 6,000
second, while the worst would be passing only 12,000, y of 133,000 cubic feet per

: ; Between th
would be all manner of spans. It is of course impossibl e bhese two extremes ther
( r 8 t0 forate es there
but it appears to me that ten of them may very fairly be (:x;estl;ftlrie(‘iv l;:tliltilc:fg tWou]dkall €
0 work in the

following manner.
5. Probable discharge of the 800-feet span.—

No. Area, Velocity, Digel
charge,
9 £ R T e e
3 17500 d 2,66,000
? 15,000 5 3,06,000
2 14,000 3 1,50,000
1 6,000 92 53213:)8
00!
Torars . 10 1,53,000 534 P e T
8,18,000

span a velocity ,

This action of the ten spans would practically di

i i y dispose of th

estimate of the probable action of the ten spans is, I think, aneexwt};gﬁelof the mater, and m
above figures might of course be manipulated to any extent., T do not T nserate one, The
more than the merest indication of what the action is likely to be °% pretend to offer them as

96, Probable causes of local abnormal velocities.—1
discharging power of the typical span of 300 feet with stonzﬂegilcllc%wa}-e that to estimate the
the use of the Mississippi or any other formula, is likely to lead to ver piers, as I have done, by
influences the discharge, in the case of a sudden constriction of o b'y n:;S]e"dmg results, What
so that it may flow between piers 288 feet apart, and over a bed Whrea th of 307 fe
mined at the moment of action by the water itself, is 70z the tall ose form s |
river in the locality, but rather the local afflux on the up-stream sid per mile of the bed of the
ed, first, by the extent to which the backed-up water ean et e.t Tb}s in its turn is limit.
ing its own channel, and, secondly, by the extent to which gneh b:elr;‘ to its energy by deepen-
while be relieved by the withdrawing influence of the B ichbacirin f ing up orafilux will after
up has occurred. Th.e problem is indeed an altogether insoluble 0{3 SPans 1n which less backing
bring general experience and common sense to bear upon the an:e’ and all we can do is to
theory. AslI already have said, some favoured spans work with wers which are suggested by
discharging power, while others are doing little or nothine a quite abnormal velocity and
o ;

27. Problem to be solved—how to secuire uniform s ,
g : . an d Az
gineers who have been working at this subject of the tl"z:l,ininé-sﬁg{?id The problem which En-

et of water,
argely deter-

rivers have set themselves to solve is this—How can it be arranced i },‘l;ing of the great Iy, dign
g i

at all the spang of each

bridge shall equally bear their fair shave of the work ? It j g

span is likely to beget an entirely abnormal velocity wlgiglllwlg(‘)il\]fzthft 80 long as any one
scour, the foundations are and must be kept uneconomically deep 8 j\lselto a dangerous Jocal
untyamed and were bridged across from sandy bank to sandy 'b,m]s ONg as rivers were
obvious fact that the brea}ith was an incident of the instability of ti < W.ltll()llt regard to the
be found at very large bridges the two objectionable features—idl S pai long were to
A @ spans and abnormally deep

28. Minimum possible number of spans with y
to be obvious that what is not too Iﬁ]:'lc{)l Wosooka -é;;‘:fl (il;slcj)c:rz
consequently, if we ave prepared with our foundations to stand
of such a scour as would erode for itself the typical section sh
to be in no dread of the effects of causing similar action j

vng action.~Now i
00
ther;)iu;zh_fon the others, and that,
-y (S,;’f;f &:ny) one span of a series,
ate 2, we ougl i
0 on Plate 2, ght logicall
D the remaining spans, 'I‘hge cony

t appears to me
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clusion led up to by such a line of argument is this, that to carry off 820,000 cubic feet of
water per second, with a mean velocity of 7 feet per second, the necessary area, 117,000 square

feet, is offered by siz spans of 300 feet.

29. Ten spans of 300 feet recommended.—For certain practical reasons connected with the
construetion of the training works, I am not prepared to recommend that the Kistna be bridg -
ed by these six spans of maximum capacity. Ihave indeed prepared the estimate for 12 spans,
but for reasons depending on velocity, and on the probable partial action of many of the spans,
I have, as already explained, arrived at the conclusion that the bridge may, with perfect safety
and convenience, and with an ample margin for all contingencies, be made to consist of ten

spans of 300 feet.
VIII.—REASONS AGAINST OVER-CONSTRICTION.

30. Floods often rise quicker than sufficient scour can occur to carry them off . This neces-
sitates extra spans.—TLe practical reasons which warn me off from attempting so severe a con-
striction of the river as, with a slight up-stream afﬂux_, would force it to scour fox: itself the
typical section of bed, are the following. The formation of great depth of chanuel is a matter
of time, often a matter of many days’ duration. At thg subsidence of a flood a deposyh of sand
y fills up, in whole or in part, those spans in which the water had scoured for itself the
typical section of chaanel. Were we always certain that floods would rise as slowly as
channels could be scoured, we might with equanimity face the position. It is certain, Lowever,
that the bed of the river would never be ready in time for a suddenly rising flood, and it is
therefore obviously suggested by prudential considerations that ample openings should always be
ready to allow of the passage of a rising flood, during the first few hours or days, until it has
had time to scour for itself the usual large cross sectional area in a limited number of the
spans. It thus comes to pass that in my suppositious ten-span bridge referred to in para, 29,
most of the spans fall so far short of their fullest working capacity.

31, Diffienlt to alter the position of southern training bund.—The second and more obvious
reason which prevents my recommending tlgzxt any attempt be made to drive the river into
fewer spans than ten is this. There are practical difficulties about the construction, during the
cold season, of the southern training bund in a more forward position than the one which is
shown on the plan. The bund must be constructed in the dry bed of the river if it is possible
to do so ; and to advance its position farther to the northward would cause it to encroach on
the cold weather channel. Moreover, there are certain deeply scoured holes at the down-
stream side of the southern flanks of the anicut, which I dare not encroach on too nearly. As
regards the northern training bund, I have plenty of room to push it southwards on the dry
bed of the river, but I prefer not to venture too far, as by so doing I should cause too violent
a deflection of the current from over the anicut——a current which has the not unimportant
characteristic of being already in possession of a very definite direction. Had the anicut been
absent, I should have had no dread of such a deflection of the current arriving from the upper

reaches, because by the influence of the training bunds it would after a while have automati-

cally assumed a suitable direction of its own.

82. Ten spans recommended.—For these reasons I am averse'to recommending that the
viver be constricted into fewer than ten spans of 300 feet, or their equivalent in other spans:
but for the reasons already given I am confident that these ten spans will be amply sufficient,
because in the estimate, which in para. 25 was made of the probable duty that would be per-
formed by each of the spans, I endeavoured to err on the side of safety. :

quickl

IX.—OBSERVED ACTION OF THE CHENAB BRIDGE.

33, Bramination of cross section of the Chenab spans ; and average depth of scour~—Since
writing the above paragraphs it has occurred to me to examine and analyse some sections
which 1 had taken of all 17 of the Chenab Bridge spans, so as to ascertain how far they
support me in the opinions expressed above as _to the probable discharging capacity of the
Kistna spans. The results are interesting, and 1 think remarkably confirmatory. I have taken
out the area of each of the openings for the space enclosed, above, by the line of highest
known flood, below, by the bed of the river as ascertained by careful soundings, and at the
gides, by the -piers. The sections which T refer to were taken at two critical periods—one at
the time of a very high flood, and the other at lowest low water, The entire area of the low-
water section was 6,400 square feet, and with a mean velocity all over of 2:33 ft. sec., this
would give the known cold weather discharge of 15,000 cubic feet per second. "To this cold
weather discharge, however, I merely incidentally refer, and shall invite careful attention to a
comparison between the areas intercepted between high flood level above and flood bed and cold
weather bed respectively below. These two areas were 59,300 square feet and 37,500 square
feet, thus indicating that a scour took place of which the area was 21,800 square feet, or close
upon three-fifths of the _cold. W'ea,ther area between bed and high flood line. This scour of
91,800 square feet would, if distributed over the spaces between the spans which the absence
of stone protection 1'e1_1dered at all St_lseepuble of scour, average a depth all over of about 10
feet. This is very fairly corroborative of what I anticipated at the end of para. 19,

34, Irregular working of the Chenab spans.—I may now ask attention to the extremely
manner in which the seventeen Chenab spans were working. Omitting three spans
as of 480, 800, and 1,070 feet, the remaining 14 varied in area between such
7,400 feet and 2,140 feet. I regret that 1 possess no record of the velocitics

irregular
which show are

wide extremes as
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40. Reasons for referring lo Chenab figures and observations.—I1 may be permitted to say

that my reason for entering so minutely into all these figures and arguments is this, that it

- may not be thought, if my views fail to impress themselves upon others, that they have been
arrived at with insufficient care and data on which to base them. A certain line of reason-
ing was put forward by Mr. Bell, when the Chenab scheme was under consideration, in favour
of nine spans of 250 feet, while Mr. Mallet argued for, I think, 24 spans of 150 feet. - Sir G.
Molesworth split the difference with 17 spans of 200 feet. By the erection of these 17 spans
of 200 feet, the problem will have been brought no nearer a solution unless the facts and obser-
vations recorded by the Engineers concerned with the finished structure may aid, as I am now

obtaining in these spans; they varied, as I bave said elsewhere, betwe

and thegextremely low. 1 have, however, a very distinet rec:)llectiosno;h:h:{:'trem

relative velocities, and though in the following estimate of the work that the WaP e

cannot be absolutely right, yet my figures may fairly be accepted as showing 'ﬂfat 'er(:l oing T

such a bridge as the Kistna the fullest allowance must be made, such as has bln esigning

para. 25, for the irregular manner in which we know by experience that the :;:nsm v::(iiﬁ én‘
¢

certain to work.

ely high

proximate

N\:gxg.:oi s o Dischiargs, Number of e Ho 4 trying to make them aid, in the final settlement of the disputed question.
g veloeity, ischarge, X
—Tue THREE DESIGNS COMPARED.
41. Comparison of cost of three designs of bridges of equal length.—The estimates now
1 480 9 960 10 000 submitted cover the cost of approaches and training works. W hichever of the three classes of
2 800 2 1,600 11 1,070 ? 9,000 sgans is decided on, the approaches and training works will remain unaltered. In comparing
2 Z‘ggg 1(8) ggg?o 12 2.430 2 1,070 the various possible designs, therefore, in this paragraph, I shall omit all reference to the cost
- 2140 3 6 42'8 ﬁ 3.250 3 g'ggg _ of the approaches of the bridge, or to the training of the river : the figures will be those of
g g,gzig : 10,520 15 6,{(5’8 g 10,800 . ghg gxoetf bx:dge only, The estimates provide for three alternatives to span a breadth of about
, 1,640 16 7400 49,200 ,600 feet—
g g’ggg g g;’ggg . 17 4,200 1 g 3.74'000 17 spans of 206 feet girders, to cost  « ¢ p . . . Rs. 30,64,000
50 | 3,600 1 o of W3 4 33,10,000
" ” ” & o L] . . 9 PNy

\ e 384 2 ek BO0 o S I b ettt - g e BT
i ToraL . 3 @ It would appear from these figures that the smaller spans possess the undoubted advantage
1220 of being five lakhs cheaper than the large ones. I shall however proceed to put the comparison
in another way. In the above estimates mere length is looked on as the important factor of

the problem, whereas, from my point of view, the really important factor is the efficiency of the
discharging power.. As regards the design for the 206-feet girder bridge, it ought, I think, to
be rejected altogether ; the piers and wells are insufficient in weight for the height of flood to
which annually they will be subjected, and most certainly insufficient for the contingency of a
breach in the anicut. The cost of one span of piers, wells, girders, and a proportionate share

Three and half lakhs ig, I believe, the latest reliable figure for th s = =
so that the above figures, which were arrived at indepgndent)ly (&g?l(;llilfzcrgiigetﬁ ¥ e,
may be accepted as fairly reliable enough, though the velocities have only beene ) sotit[l:& t33 lakhs,

ed.

85. Comparison of Chenab spans with the « Type span.”—W
quite an abnormal amount of discharge work, and ityveill ﬁe useful ifefggzsxﬁgix:::

.

span doing

this span separately, For a proper compari , nent we consider
sented on Plate 2 and of Chegabpspan Ng?ri?ztbfﬁng; et Y‘I:hi;l:a;:s Zfec:,l'le typical span repre- of other contingent charges, is as follows for each design :— e
deduct from the former the difference between the areas corresponding t:)('); ]‘;:IZer:tag:é :;er flln ugt i span of ?Og feet, costs B b LR R e ‘ « Rs. ;,54,8008

g ood, o of252 5y Pl e . . i b e neei08]

as on the Chenab, and a 33-feet rise, as on the Kistna, : /

11,350, which is the area of the type 262 feet span%n Plate ;),e(‘lvuect;)e%, 71;1)39(;8%;:’3’550 from
which the Chenab span ought to have been working, and this is 511fﬁcien€1y il ]teh area at
area, 7,400 square feet: The reason why a larger area than 3,840 and 4,200 had notl{)’ e actual
out at Nos. 3 and 4, is that for the purpose of holding a pile bridge and some girdee-n Scouted
a cgnsxderab!e quantity of stone had been spread right across these spans, so that ?l staging
their very high velocity, they were not scoured out to anything near the 1,;ypical s’ecr;’ ot
mean velocity of about 6 feet per second would carry the whole estimated vol lons. A
Chenab flood through the area found to exist in the spans of the bridge. HINESES th

36. Extraordinary changes that occur in span cross sections.—1 : .
merely for the sake of recording the extraordinz{x]'y changes that nccul'uil:ytl?: lifecll):)) toeff lgu{-)aﬁsl"g,
that of the nine spans which were all that were running at all three months later thnvif’
floods referred to, Nos, 16, 16, and 17 were for all practical purposes silted up, and Offe&;nd .
area of only 320 square feet each, while Nos, 8 and 8, with 1,850 square feet each were . :.“
cally doing the whole of the cold weather discharge of the river, which, b tl;at ti e
dwindled down to perhaps 15,000 cubic feet per second. 2t ime, had

37. Soundings in the Chenab~The deepest goundings found 1 ¥
floods of 1889 were 50 feet, or only about 35pfeet below lotrint low-‘:at:r n‘y ‘:{’ﬂz g}‘gl“l‘g the
sourdings found in any one span during the cold weather, when the R s 10Wesbeepetz;t:
92 feet, which occurred in the middle of span No. 3, which even then maintained 7 K_el‘e
velocity. its high

38. Length of the anicut no true measure of the lenglh of the bridge.— g
(see para, 39) to the experience of the Chenab v{ill, i) ho{)e, ﬁied n: ggolo c‘}y furtr‘;‘»ﬁ‘; leﬁeﬁme
now under solution is one which, if we attempt to solve it by the use ofbp;n-e]; thgoo t_em
reasoning, we are likely to bring to a false conclusion ; and equally so if we merel 1;16 1931
on general grounds to bridge a distance equivalent in length to the existing anicug e[‘fll o
the hills at the site of the anicul been 600 or 800 feet nearer, the anicut would un ¥ Bt d‘;d
have been so much shorter. The accident of the length of the anicut is, fo my mi dl sy
inadequate a3 a guide to the length of the bridge. 1 ¥ mingd, quite

89, Fewer spans would have safely sufficed to carr t8e - Chonad e e
table of the working of the Chenab spans a{igiven in pafa. 34, we find th(z?t? hzilfili:;ngz‘llfobthe
working as well as No. 16 was working, five spans of 200 feet would have ampl g’uﬁ' de 4
carry the whole of the river. Even if we take No. 9, and allow it the perfectl y el.m].ce,bto
velocity of 8 feet per second, we find that eight spans of 200 feet would have arz S s 1;? b
Tt will be recollected that early in 1888, Mr, J, R. Bell strongly recommended thel“.;'e uf ced,
spans of 260 feet, and that this amount of waterway would have fully sufficed for 0” nine
tingencies of the floods and of the traffie, is now, I think, conclusively proved by th aﬁucon.
which I herewith offer. I would go further and say that I would now have no hesif -t.b“"?s
bridging the Chenab with six spans of 300 feet, using a small percentage of the mon ation in
in judxcxously reinforcing the training bunds, ey saved

R of 300 » . . ¥ . R 2,561,000

If, therefore, we again, as I claim erroneously, take length of bridge as the standard of com-
parison and compare a length of ten spans of 300 feet with the nearest length of the other
designs, we have—

15 spans of 206 feet girders, costing . o . a « Rs. 27,58,000

12 i OF 862 2y 9" P . . s . p . 5 28,984,000

R 5 TR T R L T

The difference between the cost of the bridge of small spans and that of large is now consider-
ably less than before.

42, Comparison of cost of three designs of bridges with equal mazimtm discharging power.—
Taking next the maximum typical area of span section as the true standard of comparison, in
place of mere length between abutments, which I say is not a fair standard at all, we find that

the following are roughly equivalent in discharging power :—
Bq. ft. Rs.

17 spans of 206 feet, giving an area of - 11,350 cach = 193,000 = 30,64,000
15 % GRBBES B g oy it eoe 18,080 Si =2 105,700 = 81,02,000
10 o 0LB00, o o o A9860 . =108,000,= 80,158,000

43. The comparison whick I consider fairer than either of the above.—T don’t at all wish to
be understood as thinking that I have proved that all three designs of bridge will cost about the
same for equal efficiency. There are so many disturbing causes which prevent an accurate esti-
mate being formed of the discharging power of the various designs that no mere manipula- .
tion of figures can be accepted as giving necessarily a reliable comparison. The designs have
been compared with the aid of two standards, length between abutments, and maximum discharg-
ing capacity. For bridges which are too long for their work, as all three bridges are, for reasons
connected with the establishment of the training bunds, both these standards are false standards
for comparison. Taking everything into consideration, and mentally weighing all conceivable
sourees of disturbance, 1 offer the following as presenting to my mind a truer comparative view
of the relative values of the three designs than either of the comparisons which have been

hitherto made :—
-

16 spans of 206 feet . . ’ . . ; ¢ . . Rs. 29,10,000
12 " of 252 ” . . . . . . . . . 9 28,914,000
10 , of300 , . . . . . . . . « 5 380,73,000

Of these three designs, which, from my point of view, are all round fairly comparable as possess-

ing equal powers of passing the river, the last, viz., ten spans of 300 feet, has surpassing ‘
advantages over the others. I shall now, in greater detail, give my reasons for, as an
Engineer, arriving at the conclusion.




-up occwrs at one of the spans of a bridge, resultin
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XI.—ENGINEERING ADVANTAGES OF LARGE SPANS,

44, Risks in the sinking of numerous wells,~The borings whi
in the bed of the Kistna bave brought nothing to light but gand a;%hclg;ye Istobfar been made
lows, however, that because no boulders have been met with by the boring tools tl{ 10 madns fol-
found in considerable numbers during the well-sinking, not in layers crih €y may not be
dental and isolated. I consider it quite beyond the bounds of practical possibi?-‘:sSes, but acei-
the anicut stones should have found their way so far down stream as the bri; y that any of
indeed, than 300 or 400 feet. The adjoining country, however, is of a rock ;ge site, farther,
is consequently by no means 1'n'1pro|)able that occasional boulders may be fr;y ormation, and it
in the process of sinking. I'he fewer the wells the less will be the l‘iskqléent.ly met with
troublesome source of disturbance, and this is one, and an important, reaso of“ns portly. -aad
for the larger spans. % 0 of my preference
45. Possible effect of a 6reqcl& in the anicut.—There is
reason for the preference. The risk of a breach oceurring in ;};;ox‘;i"
kept out of sight. It 1s doubtless a remote contingency, and wil]
the designer of the bridge 18 bound to give it due consideration anIzl a
which its consideration must dictate is only a premium of insurance it e extra expenditure
contingency. The result of such an accident would probably be thbmf“s-t an always possible
hours or days or weeks, of a far-reaching current of exceptional de tﬁ] glmatlon: for several
Such a current would have no chance of losing itself in a boil at, ¢} pf » breadth, and velocity,
the anicut, as is done by the ordinary overflow : it would shoot for)e ?10t of the steep face of
ward through the breach at

a high velocity ar_ld in a horizontal direction ; and not onl :
speed for a considerable distance down stream, but it wo‘i‘l’d:vl?;lzllxéhd:;z:ﬁlioat }ittledal)ated
- n of sand on its
description, s00n

flanks, and by the other methods peculiar to abnormal local currents of 1
8
edly result in the

influence the water on both sides of it in such a way as w
. : ould
establishment of the main body of the river in a);omparztiv:?;nlll;:;?wublfutd )
. ee .
t standing comparatively s{.‘:{; ripid

> a far more important
l?aam never be entirely
robably never oceur, but

channel, and in the neighbouring water at hoth sides of i

46, Cause of the extended down-stream influence of an abn
just referred to may often be noticed when, owing toJ:he inﬂlfg]” al cur

rent,~The curious effect
mouthed shoal, the centrifugal effect of a bend, or some other

c(;e of along up-stream funne).
use, a local afflux, oy backine
L]

: g in an extraordin :
city and consequent extra scour. Whatever the cause, induction by‘f?il’c{i:gc:;ﬂeixc:stsbot velo-
; nst the neigh-

bouring water, action like that of an injector, or mere natural depositi Gid

sides of the current, the result is found to ’be this, that at theeggf\::i’:.m Sl“f at the outer

may call the nozzle of the hose, a deep and far-reaching channel is soon £ l?am slde' of what I

its influence far beyond the distance to which it might have been thouo%lt:ns{]]a tWJ;;Ch j;xtends
e e elfects of

the nozzle would reach., *

47. The larger class of spans recommended.—As iu t ; :
such a ch_a,nnel will sure}y oceur, extending down to the brig;;v::; :g :}xe f‘"]
offer a liberal type section may be considered as perfectly safe from jts 1{; arger spans which
that the larger, or 300-feet, spans be adopted. T here feel called upon i eets, I strongly urge
for so fully detailing the line of mental argument which have led up to 0 say that my reason
adoption of a design which bears fche appearance of extravagance, is thixsny recommending the
my reasoning has mo mathematical or absolute value, I hope to he under t,oemg aware that
lead others to my own conclusions by the use of my own process of reuson's (,Od as desiving to
for what it is worth, . 108, which I offey

ure of the anicut

XII.—Wrrts.

48. The double polygonal design.—For the wells, T have adopted the g
form for the following reasons. The best of all wells is perhaps the single :i 0
for long piers, such as ure necessary for a rise of flood like that in the Ki re
cular well is the least economical. The worst class of foundation is perhaps tyy
circular wells in a group. 'I:he oval well with two aperfures is an attem t“t‘)l‘ more: small
constant tendency of two contiguous wells to draw together during the Siulfin °' gl‘;‘t over the
this great disadvantage, that there are always two parts of the perimeter of e Eu i ut it hag
so much farther away from the dredgers than the other parts that the well is ) t‘vhlch are
on an undredged pivot or knife-edge and overbalance itself erooked, My, J Ra% 1“? stand
duction of the double polygonal well has effectually got rid of this trouble .am.l t‘lgm1 i 2
hexagons used on the Chenab acted excellently. In a well of so large aI; area e double
for the Kistna, however, the side of a hexagonal well is rather too long for ‘aﬂs l?ﬁ needed
rigid curb. Moreover, the two projecting corners at each side of the wellnpro‘eot fﬂl? clently
the span than is compensated for by the area which they enclose. Cuttin Jeet farther into

Ty o) ff these ‘obj
tionable corners soon suggested the octagon, and this is the form of th §. ¢ ese ‘objecn
now been designed. ". ’ e double well which has

49. Size of the wells,—The octagonal curb which gives shape A
side, the two contiguous portions being so truncated thft the mi(i) wtz:x(;lt(l)lff’3 t‘l‘ign ‘sl 9 feet on a
the same thickness as the steining. The bond rods which pass up througl thwe lis only of
regular double octagon with a common side, and each of the sides of the double 2wl _for'm i
The well is corbelled out at the top, so as to carry the very important temporar %ctagon is 69",
permits of the superstructure of the piers being founded considerably ¥ dam wall which

also to allow of the temporary loading for the sinking of the last few feetbgéoz‘{);v :Vt:lli level, and

uble octagonal
ular well, but
stna, the single cir-

11

50. Material of the wells.—As there is no brick clay anywhere near the bridge, it will be
necessary to build the wells of stone. 'The stone which is available on the spot is not of too
good a qualily, but in durability it is at least as good as brick, and it stands a comparatively
cheap dressing, which will allow of my completely squaring all the stone to be used in the
wells. Judging from the appearance of the mortar used in the anicut, there will be nothing to
fear in the matter of this material, which is of excellent quality.

XI11.—Piers AND ABUTMENTS.

1. Design of the piers, and the material.—The design of the pier has been kept of a massive

~and simple character. Owing to the comparatively inferior quality of the stone that is avail-

able, it has not been considered advisable to give pointed cut waters to the piers. They have
t.her:efore been kept semi-circular at the ends. For the upper corbelling and the coping and bed
stones, some excellent gneiss is procurable from quarries situated a few miles away on the line

of railway. :

59. Design of the abutment.—The design of the abutments has greater pretension to
architectural effect. Much of this appearance is however produced by the protrusion on the
face of the work of those features which have been introduced into its mass for the purpose of
lightening the weight of the masonry. The small houses'or huts at the ends of the girder
will be needed for the permanent traffic jemgda.rs, whose duty it will be to pass the foot a_nd cart
traffic in safety over the bridge between trains. Large and well-dressed blocks of gneiss will
be available for the upper portion of the abutment, and for the parapet and huts. The
necessity for keeping the training bunds above flood 1ev:e1 unfgrtunately gives the abutmentg a
dwarfed appearance, This, however, cannot well be avoided without undue and unremunerative

outlay.
X1IV.—~Tur 208-7reEr GIRDER BRIDGE.

63. Design of lhe wells and piers considered inadequate—1 have already referred to the
fact that the wells and piers, which form the basis of the estimate of the 206-feet girder bridge,
are considerably lighter than those used for the 2562 and the 3(10-fee§ spans. 1 had ab ﬁrst
desioned them for the use of the larger spans, but St}bsequently, on obtm.mug more 1nf_ormat1.on
about the condition of the Kistna in flood, I designed the more massive well and pier which
is illustrated on Plate 4. A glanceat Plate 5 will show what the lighter well is like, because
having drawn the abutment standing on this lighter well, 1 hm{e let the drawing stand unal-
teredh In the estimate, however, 1 have allowed for the use oi; the heavier well for the heavier
spans.. The half pier, which forms the front of the abutment, is the half of the lighter and not
of the heavier pier ; this also will be altered if the 300-feet span is dgcxded on, and the drawing
of the whole abutment will be quickly altered to suit the heavier desig. Plates 4 and 5 will,
er of the design for the masonry of the 206-feet

i anwhile, serve to illustrate the charact ' :
Ll;)a:ll;? ni@::;ve;;, i\n\vever, that, though good in proportion to the spans which they carry, they

are altogether unsuitable for use in such a riveras the Kistna.

feet girders modelled on that of the Chenab.—TFor the 206«feet girders I l.xave _not
been 5:‘(': i?ﬁl! eiﬁgﬂg’igy the design of the Chenab girder of similar span, The girder is a
most excellent one, good in design for the manufacturer as well as for the erector. 1t has
formed the model on which I have gketched the two larger spans, b_ut I }‘uwe modlﬁgd it,
for this purpose, in many details, which will be found on the drawing of the dOQ-feet, girder,
and more particulm-ly in the details of the roadway. I have been obliged to add a few tons
to the weight of the 206-feet girder on account of the arrangements which are necessary for

b Before cloging all reference to_the 206-feet
9, 7 onether condemned.—Betore closine all reference to the 206-tee
. 55'1‘gli-feffseg:l?{g”rzclziyﬁuIa.te my reasons for cgndemnﬁlg_its adoption. If it is to be
deviE d at 3’11 the wells and piers must be made so much heavier than those that have been
accc_apted ::1 ‘t i’h will at once be beaten in economy by the 252-feet bridge, length for length.
designe ,'f‘ 18 water cause for anxiety, than does either of the larger spans, in the always
e O'E g t,glf a breach in the anicut. Phere is a greater risk in the larger number of
Posmble' kil 5 V({’ith the same length of bridge the piers and their necessary protection stone
I obstruction to the river than is Oﬁel‘?d by either of the other designs. I hope
o= tf:;rt inl(;;(:re succeeded in making all this sufficiently clear to secure the concurrence of
now

(tovernment.
XV.—TuE 252-FEET GIrDER BRIDGE.

: _foet project.—Though T have, all through this report, con-
56. The geneml design o R ‘ﬁgf’:’au(j) feet, still I am by no means sg extremely averse

! A ; ;
tended f?r the ad(}ptzlgrzl ﬁeflﬁa %0;1}1)383) the 16 spans of 206 feet. The 2?2-feet span is a fairly
. theall)ize ?:: sa(l)ld the girder, as sketched in Plate No. 8, has so many features in its. favour
reason )

e obiection to its adoption but for the following consideration,
that T sronld ?lffe:;rgilgni:y}:g; (l)or%dge with deep foundations is mere child’s play as compared
The over-grolllln 'pkin . most of the risk and anxiety are concentrated in the work of the
with the b ‘;r::lnto lﬁ\;le two less double 80-feet wells to sink is with me a very strong
foundatlon? ‘ the smaller number of larger spans. Nevertheless, all the objections to the 206-
;fu-g;ume:gis o;n ¢he matter of the chance of a breach occurring in the'anicut, are applicable, -
eeti spans, .

though with diminished fore e, to the 252-feet spans.
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57. Special jfealures in the design gf the girder.~The design of the 259- $
gome specia{l features of interest. It will be seen that I have t‘g<;llowe<l thzafnsst]ﬁ:;g erfs g{.w
. Rendell’s design of the Chenab girders, doing away, however, with the raking end nillare.
and substituting vertical ones, for reasons which will be explained in later parao-r: )112 pl a‘rs,
ing the 300-feet spans. The use of the double system of 45° triangulation wit B alde ) :l?ncfel %\4-!
10 e e the verticals, and consequently the ross girders, to bo spaced 12 feet apart instead
of 10. This results in an economy in the vertical struts as well as in the cross }i)r-] inste
of which, and p;u-t;iculf_lﬂy the verticals, have an excess of strength in the Che%‘l {ers? both
The result is a proportxona.te economy without a corresponding excess of weicht o "fl‘rdel.'s‘
\rimmers. These latter, though somewhat deficient in strength in the Chenal g‘i; ders“;ri :al';?ll:-
] T

heavier than is necessary in my 300_-feet span, but their cross section i rhi -
1; Zeet spacing of the cross girders in the 252 feet design. on 15 admirably suited to the

58. Fffect- ¢ breadth of girder on account of materi ; ! g
stresses.—-{nothe{‘ interesting cause conduces to t}xe relative ecoﬁf)m;eqo?rtji ;g" ;eszat i neas
naraely, that, owing to their distance apart, a function of the breadth of the metn;- eet girders,
stock which is not centrally railed, being greater in proportion to their ata5 e-gauge rolling
the 300-feet spans, the effect on the booms of the stresses induced by wind nés u“f case with
be met with a less proportionate weight of metal than in the larger s aac' lon requires to
details of the roadway, as shown on the 300-feet span plate, will e(l;uan;) ‘:e]l? xslsfélcag; 2'§lzxe
e 252

feet.
XVI.—Tur 300-reET GIRDER,

59. The girder.~Tn describing the design of the 300- e e :
do so in the hope that this span will be the ong selected, andf:l;a:tbcl;g:é ?mglwhat minutely I
soon be forwarded home. I am therefore particular in explaining the de% %n y the “{dffnt will
reasons for introducing some special features into the design. Ihave on t,hm ]s’. and in giving my
sufficient detail to allow a clear comprehension being formed of the essee ‘tfal“"“_gs given only
be seen that I have follOWed‘ generally the broad outlines of the Chenf:lbla .P(;’“lts. It will
proved itself exceptionally easy of erection. This facility of erection bz:s bgll‘ er, which ht}s
conversation with me, by both the makers—Messrs. P. W. Maclellan and tﬁe“ testified to, in
pany—and it doubtless had an appreciable influence on the cost per ton ‘; :‘{Orse}y Com-
Tngland, as it certainly had on the cost of erection. Any alterations ﬁhic? il lle girders in
such existing practice as [ am acquainted with, have been made with special r;f have made in
or to erection facilities. It 1s.only after very careful consideration that in the 6f}r(;i]ce'to A
graphs I'lay stress upon certain forms of design for certain parts of the struct f’ owing para-
that in these details I may secure Sir A. Rendell’s concurrence. ucture : and I hope
60. The type of gitder—~The Whipple Murphy type has

facilities which it offers for erection.pp'l‘he spa[il,y30)(;pfeeh, h:se i)%eﬁh;,sfnr;uonl?comlt of the
centre of bearings. With a depth of 30 feet, or one-tenth of the span, and T g‘v‘ntre to
we very conveniently get three systems of triangulation. As with éhe ]:Ylth &b

the Chenab girders, much difficulty was often experienced, and SOmetime:a‘ mg{epd
stances in making good the end top joint, the end pillars of the Kistm:nm'c'zlmca
designed vertical, and this will greatly facilitate erection. The vertical end Dl';l ers have been
this small advantage, that they make it very easy at any time hereafter t Pl”'a.rg have also
paths, if needed, over the top boom, and they also allow of the passage of : 5:_“‘1““3? for foot-
over the top of the finished- girders, towards the more forward szns that l?‘v?“mg crane,
erection. The difficulty of making a good top end joint with the raking pilla are in process of
the face of a rising flood, or of a sinking staging, is what has priucipally i 55, particularly in
for the vertical end pillar. pally 1o }\ced me to press

bracing,
pillars of
l circum-

61. Scantlings of girder~The dimensions of the principa
or scaled on the drawing, have no pretensions to beingp anyé)hilngl-mxzroef ttl}m truss, as written
estimate purposes and for draughtsmanship, They have been based u an approximate for
dead-load of 420 tons plus a live-load of two heavy engines at centre mF((l)lI l? roughly assumed
covered with loaded wagons. An allowance has also been made for the eff T of the span
a 30-1b wind considered as acting over an aggregate of surfaces dpiatin ect on the booms of
by the outlines of the top bottom and ends of a girder. As already ment!ill‘ea. dtQ that enclosed
the small breadth of the pair of girders, in comparison with their span th(:;eﬂ,,lt results from
wind is proportionately larger than it would have been had the girders b,e T3 “(51 allowance for
For the rough purposes of draughtsmanship for which the caleulations wer lae& farther apart.
round unit stress of 6:5 tons has been considered sufficient, € undertaken, an all-

62. Booms.—The side plates and angle irons of the booms ;
dimensions throughout. Changes of crossg gection have been madehl?;eval:-e?:“kﬁpt of' umfprm
of the main top and bottom plates only, and such changes oceur only at {h i (_hfnensmns
might perhaps be an advantage to make the side plates and the angles a Iit:leml ain joints, It
such heavy pieces of boom they may perhaps be damaged in transit. T ‘think ‘G"“Vlel‘, as for
careful attention to packing at the ends of the pieces, and the insertion of tem - owever, that
in the lower boom, corresponding to the permanent ones in the upper wilplmmy d'laphram's
difficulty. As in the Chenab girders, a short piece of the horizontal ﬂ“nfge el hget rid of this
angle iron of “che low_er boom is cut away at such joint, to allow of the insertiog u]f)Pell]' inside
givder, and this gap is subsequently covered by a plate. At the main joints Whioht e crosg
the main pieces of boom, the outer lower angle irons can be covered in the usual maﬁue:egﬁrto

g ) a8

.
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the covering of the inyide lower angle iron would interfere with the seating of the cross
girder, the cover angle must be rivetted on the inside, and this necessitates the cuttting
away of a corner of each of the vertical struts that oceur at a main joint.

63. Vertical struts.—In the Chenab girders the vertical struts were made of one uni-
fofm section. This, though a sacrifice of economy, mattered little in so shallow & girder. In a
deeper girder, however, it is worth while to more fairly proportion them to their work. Strong
verticals are however so valuable an aid to the erection of the top booms that I prefer to keep
to the full dimensions for all the vertical struts that occur at #he main joints, but to lighten
the intermediate ones, as the centre of the span is approached, into closer accord with the
dimensions dictated by theory.

64. Diagonal ties.—I should like the diagonal ties to be sent out each in two pieces of
about 20 feet long, and I should like them to be packed on the insides of the rail-trimmers. I
have shown them attached to the booms precisely as in the Chenab girders, but have not gone
into the details of the rivetting of these or indeed of any part of the girder.

65. Cross girders, ordinary.—To allow of sufficient clearance for metre-gauge vehicles, run-
ning on the third rail, it has been found necessary to space the main girders farther apart than
on the Chenab Bridge. The greater height of the girders would falso no doubt have rendered
necessary this increased spacing. The resulting increase in the span of the cross girders is
compensated for by the extra depth which the greater height of the boom side-plates allows of
being given to them. I have not given the top of the cross girders a bow form, but have kept
both flanges horizontal.  The side slope of the road is a matter of no importance whatever, and
if it were, it could be given otherwise than by the shaping of the cross girder web, by which
no weight, to speak of, is saved, and the cost of manufacture is certainly enhanced.

66. Cross girders, special.—The design of the last cross girder in each span is a special
thing which I would insist on. It will be seen that the end cross girders have been made
double as strong as the others. It will also be seen that a strong bracket or gusset stands on
top of these special cross girders at each end, connecting them to the end pillars of the main
givder. These yound-topped brackets serve a secondary purpose of supporting the ends of the
roadway kerb plates; but they and the end cross girders of extra strength have been specially
designed for another and a more important purpose. However carefully a girder on a high
staging may be erected, especially a girder carrying the rails in a longitudinal timber lying in
a narrow trough, it is in most cases found necessary to lift and slightly shift the whole of the
span, after the staging has been removed. The necessary movement may be only a fraction
of an inch, but usually some shifting must occur. When the whole series of girders has been
erected, and a careful survey made of every ‘]Olllh from a truly laid out centre line, it is found
perhaps that a new and improved centre line, 'best; suited to the majority of the joints, can
with advantage be laid out. This, however, probably requires the slight movement of one or
more of the girders. The line of rails upon a bridge must be straight, and there is not room
for much straightening upon a narrow longitudinal timber. ~When, therefore, the girders
come to be shifted, room must be found for the application, near their ends, of four hydraulic
jacks upon rollers; and there is no room anywhere for the safe application of these jacks
but close to the ends of the last cross girder. It was often a matter of much anxiety watch-
ing the behaviour of the flanges of the angle irons of the Chenab cross girders under such
circumstances, and I have therefore taken care to strengthen them sufficiently in the pre-
sent design. .

67. Cross girders, top.—~The top cross girders are placed 30 feet apart, at the joints of the
pieces of main top boom. To allow of their the better aiding the roadway for the important

purposes of wind bracing, 1 have inserted a horizontal triangular gusset between the top

eross girder and the underside of the horizontal flange of the inmer angle iron of the top
boom. The top cross girders which oceur at the extreme ends of the main girders are of
special design, as shown on the drawing.

88. Cross girders, middle~Though the girders are very high, I have not thought it
necessary to stiffen the vertical struts by a cross gi'rder, ficed at chimney height, except at the
main joints, 30 feet apart. The real use of this middle cross girder at the main joints is that
during erection there may be a stiff frame at each main joint upon which the top pieces of
boom may safely be erected. This frame is formed of the two vertical struts, and their top
and middle and bottom cross girders, all service bolted in place.

9. Trimmers—1 would insist on adherence to my design for the trimmers, They consist
of two ordinary channel bars of suitable dimepsions, held together by short pieces of the same
bar, such as at the works are sawn off the main b:n_rs. These short pieces are rivetted at suit-
able intervals, as shown on the drawings: The important object which has been attained by
the use of these trimmers, in place of the Z bars used on the Chenab Bridge, is that the
timbers can be laid in them fair and square, and without any chipping or cutting whatever.
As regards the spacing of these trimmers, I have arranged them so that the runaing rail shall
be nearly central on the timbers and in the trimmer. To erowd the running rail up towards
the side may be all very well on-a drawing, but in practice the result is either a crooked line
of rails or dogspikes driven too near the edge of the timber to have any holding value, Room
has been found for the placing of the rail in the middle of the trimmer by the use of a special
guard rail instead of the ordinary rail that is generally used for that purpose. The method of
arranging for the support of the ends of the trimmers from span to spai, and for their ex.
pansion with the girder, will be described in the paragraph about the roadway.



14

76. Gauges.—By the provision of a third rail the roadway has been designed so as to
carry the metre as well as the brqad gauge. _'l‘he third rail makes a more economical job
than the two extra rails, because the girder would in any case have had to be spaced farther

apart than would have sufficec for the broad-gauge vebicles. The arrangement for the third
rail adds some 20 tons to the weight of a span.

71. Roadway.—The roadway is of the Chenab type modified in small details, Provision
has been made for the passage,of cart traffic over thie bridge on the level of the rails, This will
of course be safeguarded by the use of signal bells, batteries, signal posts, gates, and the other
arrangements used elsewhere under similar circumstances,

_ in charge of competent jemadars. The
side slopes for the off flow of water given on the Chepab are of 1m0 practical use: the water will
flow off fast enough from a level cross section, The pitch of the corrugated plates differs slightly

from that of the Chenab ones, being in even inches to suit the even spacing of the cross girders.
These floor sheets ought to be sent out rivetted togetkher, so that

. two pieces only may go to a 10 feet
length. They can be well eno.ngh packed, so sending them out in larger pieces need cause no
anxiety. The iron strips which in the Chenab girders were rivetted over the battens are
omitted as unnecessary, The hardwood battens are shown as fixed, in the usnal manner, by coach
screws from below. The corrugated sheets have been designed so that their edges are just a
little way back from, instead of b.emg flush with, the inner side of the rail-trimmers, because
the flushness is a source of trouble in getting the timber into place. The longitudinal spaces,
between the rails and the battegs, are filled in, on one side with a long strip of hardwood spiks
ed down, and on the other side with the special guard rails to be described later on, There
are three breadths of corrugated plates, but the 1’ 2” plates and the 2’ 4” plates will be got
at the works, by cold sawing the 38’ 67 plate, :

72. Roadway empansion. —1 ha_ve departed from the usual practice of making the june-
tion of the two roadways come midway hetween the spans.  In the Chenab desion there was
a middle wall on the pier on which the ends of the trimmers and of the roadway met and
rested or slided. This was not a good amangement i ¢

! - My last cross gird s
already explained, of extra width, for other reasons, and I make use i gl e

. . £'4) i i
special cross girder to allow of the expansion on it of the trimmers an?i l‘t);?lw‘:lydea:osh:\fv;h;;
the detail drawings. At the fized end of d the road way ure fixed to
the top <z1E thedﬁnjst spetlzlal cn('los;s g\rdo(eir, while the rolling end of the next girder {ns its trim-
mers and roacway prolonged forward until they rest on, and gl

special cross girder. Al this is expla 4 slide on the top of, the same

‘ ined in the drawings, Th
cheequer plate of the usual sort at

e Sinctions hetog i 1'ere will of course be a flap
. i
the kerb plate is deseribed farther on, ¢ tWo roadways. The eliding of

73. Iioclz](l kerbs,—For the kerb plate on the outside o

bearings, T have adopted a form similar to the one sent out man
: 0 ; y years agy f >

Bridge—a plate rolled to quadrant section and finished with ﬂagges. '1‘01,er?i:l:$o ﬁ:zau;gir:
separate passenger foot-path ; they will make uge of the cart road as un
all dover tt}ie count(;y. As lizlrels;dy elx’plained, the kerb plate is suppo
grcer, on the curved topped bracket, which, for other reasons, stands on the :
girder. The end of the kerb plate of the ’ro]ling end of a ;pan will, like otrl)x;) ft:ihrgrf:(r]scln&sa
the rest of the roadway, slide on the first erogs girder of the next span, that is ‘on the bracket
portion of that cross girder. The arrangement is shown on the drawing, :

. 14 Guard rails.—~Instead of using ordinary rails which o
side the trimmers, and which, if flat-footed, push the main rail out of its proper ce
I have designed a special section of small Z bar. The small side of this Z
down at bottom by the special double-headed dogspike which hol
Z bar is backed by a hardwood stri

f the roadway, to keep carts off the

cupy much valuable room in-

ntral position,
: bar will be held
ds the rail on that side. The

iy R 4 - raight main 1 il :
midway on the longitudinal timber, the top flange of the g ﬂtlmrd:ii nl:)et :]]l::ye'?l ltlg
overlie the corrugated pla.tes, occupying the half inch which is the flushness of {h 3

battens above the corrugations, 0 e roadway

75. Longitudinal sleepers.—The longitudinal s

: leep : . :
sawn to multiples of 10 feet in length and 12” x 77 fﬁr:;:ti?r:{l be provided in the country,

will drop into place in the improved trimmers without any furthefxs already explained, they

I am particu-
an auger through the ti

objectionable : the auger seldom_goeq straight, and the result is eiiﬁetrhil:;:ut?:;"i:n GY: lE‘fv:lry
wood is cut up, or t.hat the bg]t is driven through with a bend, and its thread in'ufn:l l()) tl:e
edges of the shole in the trimmer. T wish the holes in the channel bhars to beJm ?i fy g
a height that .the top of the timber Lol may be just 61" above the top tabl i}:’?;l:) shuct
cross channel pieces, in other words, 1 below the top surface of the 7” ¢ by

cuts and he finishing touch of a gouge will then suffice to er. . Two square saw

bolt, and there will be a slight clearance helow the foot ofptrlfgnziif ean passage for the

; : In prefevence to the
above I, however, much prefer vertical bolts holdine down the timber ] v
nel distance pieces, unless Sir A, Rendell objects togthem. " 8% ach of the short dhas-
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Bed-plates.—TFor bed-plates, knuckles, saddles, and rollers, notbxn]g tha!: In?aas\;?vzeene;f
3 76. Be -pt the Chenab arrangement. They might be made a little me'f, . a,t&n-
SR o Wb, hown on the plan. There is one detail to which I W9uld invi ‘id' e ;
o and.hzghﬂ', ag ?1’0 office. That is, that it is impracticable to build in the ho mg-fo&n
tion of Sir A. ente bse beheaded jagged, and leaded, after the final straxghtemng('1 qu 0 .r:
bglts; 1 11‘1a¥e 'om ed in the n;a,son?y. I jump these holes 2 or 3 feet deep, _anth }tgg&:m
ool J;Js tcr)) work without fouling the girders. ’I‘he'holes therefore /in the i
l‘oz':off‘ofh? ?n:!'xl::? Il;:d-p]ate casting should be so designed thata jumper standing in any o
pa : ,
P s iline should be of 14” gas-pipe, three at each side, fixed
. Hzlndﬁ:;é;zii.—?rlain':as‘;x%:la(;l;)l:;short pieces of.chai?l to hang across on rings and
by chpsf to ’eirder tO"girder, in countinuation of the gas-pipe hand-railing. feid
hooks, from g 3 the ties.—To prevent the noisy- chattering of the counter-ties untrllg
e Cllaﬂerwy’o Q/jn ' it is usual “to show certain rivets connecting the countel:'s (:]u'gl ltc:1 ]12
e e -E?‘ ls. with instructions that the holes for these rivets must be ]1” et =
iy 5w ve:: ’lccnm’ has passed. This is a very objectionable a,rrangement,d alsda ’stO:,lSnk
s g : - e; a;n-e encendered. If chattering must e stopped at all—a,nld tgn oot
uu]a\yful Togae l‘essno ance in a 300-feet span with_so large a dcad-lpad—l w.Olll s p%” bolts.
%l’ﬂit . ‘:1111«1, ct?il;ssec?:ss ():ne another and the struts,l dr;!:;  f h}oles, arﬁl mltiu:feo]fl'ot%se uls:) i é
ticeohs 1 ing steel split washer. le hea | 8
iﬁlsertin]g ll)?lf;ve:l?et}llxee;)(lw?gfs : s:il;?elz;%r z{;;gi;:[teed, gz’ be cold rivetted over after being screwed
e made lik

down on the spring washers. gt FHER
i regards ri 1d only require half of the usual y g

: t79.f Rz:gtzi-;Aﬂ A?;got'td:l:g";::i{ilnflgg these );pm% 1§vets, ;hey f}m“]}d bfh :eopti{,r;.tilgl fpgz tl;]z
rivets of ea . ked ¢ Spare rivets, Span No.o—. or th : : '
span for spau, e the-ili(()::: y Im\?:llx{letdrivj;psteel bar in sufficient quantity, I reqlﬂri WI:;}]e tgl‘;:
usual quantity of ?Pare 1a,chin’e which T would Spepify as follows: The machine t at ca;ld oy
Tt h i cl";ss ]r?e did not fulfil these requirements. A combined bolt, 21 wfe i asuitablle
for the Chenab _rll‘ @ ‘lable dies for the sizes of rivets used on the bridge, an Oti b
making machine, with t(slul ts. The dies must #nof be made of cast iron. The mac nneﬁ -
sizes of service bolts nll; nu :ile heated end of the bar, and afterwards, not hois c?ttsl Odieé o
be of the sort that tnl es n; ‘b heads must need no dressing. after commgdou.t ott. . s
required length, Bolt aéu_ the bridge 1 require the following snaps for han -nvef T}gé made
St liasl use’ 13“4’00 snaps for the l-inch rivets, and 100 for each Of th‘e snaps
i IHOSt. s:ltt‘altl'::;el sltl::h 'rivets are the size used in the main J()u)ts_ The size o
sizes, agsuming t -ine

itable for hand, and not hydraulic rivetting.
ivets should be that suita X
and also the length of the rive

X VIL,—CoNSTRUCTION Forecasr.

i i he labour
som 4 98.—Knowing very little yet about t
‘ pletion in March 1895.-— 2% ce a confident forecast of
80, Prog mmme.kfor ci";}é;; Zide of India, I find it difficult to mahe ::r (ﬁgngel;nthemwho]e 3
g RSl £ “éo:volrl;{g &For a similar bridge “p'.counttl-‘y v Sllloul:ghat too getya]l the wells down
the p;-ogramme 0 . miner of preparation, ' oug iy g
" the ehd (£ 58 d with ease compléete the piers an
two working seasons at end O ole cold season, and wi pi !
. ini i le cold season. e com
and several of the piers up 1n ong A nith off in another who I :
Aol ks : ] start can be made, that I canno
abutments, and get up a b t up before an actual sta » s
3 . however, be so cut up e my way to promising the
ino working season will, : s e ey A se 5 mising
co?mtl ol ag a‘xgl?oﬁllagf;;‘:{fesgﬁ: of March 1893, But I think I can safely, bar a f
completion o

| ‘ v . i i 1y essential
; : rogr. : for Jir ) -——[i thel' 1 ne tbmg more a.bsolute
" ‘ wo"king 8EASON.
81. P 0y amme 10 j( 8 e 18 0

: 'king season : any

it is that both training bunds should bedf’“mtpliti‘z;%zg?n‘zg; nlxlugt not attempt

than z_mothe_x-, 11 important works ean only Jead to ¢ 1sa,sE er: T P e

tinkering with ¢ lgzﬁ th(}:m unless he is absolutely certain o comdpgtong trains for the first sea-

to make a st]art ‘:lhol ding them with the aid of hlsI t(i‘ﬁ:mvzzgiﬁll; 0 Ledl. oon ddentesh

ﬂmdsf’ta: (};fxsslgtion So far as I can yet judge; ather. Supposing the staff to get
son afte A

i Id we
i during the coming €0 gy tho sall fo. gob
establishing these trainivg g‘;rtlgger it will be at least the end of Decei:; f)x kst lgilways age
S tgn'tist lfl'l tted and working ; stores established ; quarries op ;
1Lted,
ready ; workshops builb,

: ati fore work can be begun

ery running ; and the thousand prepamtlfoqﬁ mt:(rll? ‘l:: 5}‘;: et worksotill

down; mortar msclnnfllo);:'i:auy Thus 1 should 1f1iof: lge:h:tmalx); fso . e Ba s OF. a8ta

with a rush and eco : 1d certainly not finish bheim b e et B

iyt seasl({m v;as O\Zri;‘l’smil‘!lldcgsuld certainly ‘get ﬂlle ,Stzp?il;:tt,locl:){:if f;reather and the rains of

bably sink a few wells, 1l throagh d W _ s dipael v
ﬁ;; :rdg'r. This ]attir ‘{;OU]S ;Bs:’yﬁ:’i;)g Ia required on the ground in time for an early

1891, and I ought to hav

—- ime, Wi i d of the
: 2 t time, with a thorough command of |
"td;‘;" lﬁgoyranmle Sor 2nd and 3rd seasons. By thaheslitn t’ion, 9, Simnch with the traiibe

igtri 1d, without . g
i I'eFOlll'CeSlOf fih'e (shztfmitgglfz SlIm(lzlould easily have established them, and comple
works, and before the rain

1ors, The finishing off of the remaining
. : me of the gndens. R e
wells and the plers], ﬂn((lldn?)isg,ﬂ:l{o:g i pproach?S, &f," (;woel:llgd li)g X(g‘jﬂl A y lig
girdel:-s, m;:ll of atllljetrlgf0139;‘2-93: and the bridge might be op )
for the cold wea |




ey

IPEIEIY S : o

T N

A T S ———
.

16

88, Permanent staff—This is the programme whi
confidence, pl:ovided: that 1 have a fair Bhagn‘ce of choosilsg ;;331&1'@&11%& to work up to with
my old staft, if possible.  Rai Preonath Ghose, Executive Engineer' . 1 would prefer to get all
of this season’s floods on the Chenab where he is now in charge ,N}mmedlately after the last
Gales, Assistant Engineers, as soon after the end of September 8 i essts, J, Adam and R. R.
Durrand, Honorary Assistant Engineer, at once now, on his arrival :oy c?n be spared. Mr. J,
Sub-Conductor W. Albert, _Sub-Engmeel-, for charge of the Worksh m leave in England, and
before October as plant begins to arrive, shops 1n October, or as soon
84.. Foremen staff —Now about Foremen. If the work i
cally, 1 hope not to have permanent subordinates forced gll‘)l(i) I:s n{;z b:,n cigule 8
to be in the_Depa@meqt. T'he reason why I lay so much stre;s . zg’ because .the)’«happen
txme.at my disposal it will be impossible to teach men their trades DI e matter is that in the
as picked a lov of skilled tradesmen as are to be found in India, well can lay my hands upon
rivettors, &ec., and these are the men that I wish to secure, » well-sinkers, masons, erectors
)

85. Labour.—Alarge part of theskilled manual labou

: : rmu i

no dx(’ﬁ.culty about that. I can get any quantity of all sorts; ;tyb; t1ﬁip0rted, but there will be
for this contingency. There appears to be plenty of local unskill 1mate rates of course
the Canal Department’s operations at Bezvada for so man skilled
no difficulty about the stoune supply.

86, Importance of an early start for collection o

tion of general bandobust,” 1 wish{(‘) lay stress “lf;f i‘ﬂtiﬁgo':i‘;”&—While on this ques-
now at onc{e to go on tour and select what plant and stores I con qﬁe of my being permitted
pa.ra,txon of English Indents for plant and stores will take muc}iu er necessary. The pre-
p{lesclznt state 1of the rising h‘ome metal market it is particularly de f’f’f{)sldemtlon, and in the
a1 cal?' 1}:1 tl he country. There is, however, no worse sort of ecOnoma le that 1 should get
;?ant wi ich, long before the work is over, will have ecost more thg,my'than buying rubbishy
;)en:}e;va 8, 1eg)a111§,}3nd wasteful working ; personally I can judge of v?hl?‘. worth wlen new in
u cimno l:f iably buy from a catalogue. If the question of thea 18 or ig not rubbish,
alilses,‘ {vou_ point out that it would probably be more than 00vereflo‘:,t of my travelling
!c)lxopex lse ectlo:. oftpne méhcle. I propose to arrange for a suitable store esty g}e benefit of the
tllx(ia ea:—l ly c%ns ruction of the necessary store-yard and proper sheds, fo a}; ishment, and for
ng that between this and September is sent to the bridge. I also g l'tt e care of every-
already m_entxoned, to get the plant that arrives into order. These ant Mr. W. Albert, as
{)ortanceéllftany sort Otf' a fair start is to be made at the close of the ra?;: Xhuiote of il iB-
o urge that mere routine.may no interfere wi N
] M S, y not be allowed to interfere with my making

.87, Possible reduction in rates. —With reference to the r '

}hel eSPImatf” I may freely say that I believe I have kept rr?;e;ﬁte:nt?l?: s};‘:;:e .geen by 2

ar { in certain items. The first thing I would draw attention to is that stl ‘f’ and particu-
work a large amount will certainly be realized by the sale and transfer of at the close of the
plant and stores, This I have roughly estimated at 14 lakhs on the whole surplus al”?lcles of
on the completion of the Chenab Bridge have, I believe, been considerab]pl‘(_’.]ect- The sales
amount, but I cannot at this moment refer {0 the figures. The principal i y in excess of this
nomy will probably occur are the following :— PrfsIpR senis™in ‘which doos

Special plant debitable to the work for well sinking .
0 ” ” i) ” 9 for girder ereot?ng & .. . s RS. 86’000
rdinary plant for the general use of the work . . . A (5;8’888

I have a fair idea that I may succeed after a careful N S
plant as is available in India, in considerably reducing all :I?:geyit(;fr;sa:ng :ellecblon from, such
sent to allow them to stand in the estimate. The allowance for establi 1‘: prefer for the pre-
excessive, it is the usual percentage on the Indian items of the li_ ment 1s also perhaps
Rs, 1,87,000 ; but I hope that much less than this may suffice : for thes 1r'nate, and amounts to
for to let this item stand. I don’t think that the masonry rates a el;les‘“!t, however, I pre.
have to be-newly openqd,.and all stone will have to be fairly squared .I'etloo high ; quarries will
require very careful building. The prineipal item in which I hope - 1e stone wells will also
my way to considerably reducing the rate of, is the stone-pitchin pe ther a few months to see
quite possible that this may be reduced by one-third : I cannot h § I the training works
able to make such a reduction until I get to know how the ket e,
the conditions of labour. guamte will &

; 88. Lowest possible estimate o wal cost of enti
which I am now about to offer ﬁ{)‘ '{;ie taken a{ aei[m::, :fﬁ’:f@f don
present than a hopeful guess ; but I may say that, considerin ve,nor as more for the
s?nces, it appears as if it might in the end turn out that a bg‘d all  possible eireum.
of ten spans of 300 feet, with its approaches and training works, m ridge across the Kistna
are realized, have cost, inclusive of the two canal bridges, about 3% lai};)serhapg, after all credits

martly and economi-

allow
labour ; and \ g
Y Years has been that tﬁ::ele‘s?lllt 1(;5

and 1 beg strongl
g
early preparatiou};

; 1t is
yet count npon being
pen out, and what are

’t wish the figure

F. J. E. SPRING, Mem, Inst, ¢, g
s B

Ere, Engr., Kistna Bridge Di
WALTAIR ; , I rom, Bk Lighy Railway,

The 20th June 1890.

LARGE WELLS THRO
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ABSTRACT OF ESTIMATE OF THE COST OF THE KISTNA BRIDGE,

UGHOUT, EXCLUSIVE OF APPROACHES, OR TRAINING WORKS,
NG PIER-PROTECTION STONE—12 SPANS OF 300 FEET.

Quantity, Deseription, Rate, | Amount, Head of Account.
Rs. Rs,
Lump sum | Preliminary Expenses o« Ailiaan . 3 feioh 10,000| Preliminary.
240 tons | Well curbs and bond iron . : . : 3 350| - 84,000| Kistna Bridge.
862,000 c. ft. | Well sinking, labour and stores . . . - 25| 2,15,500 Ditto.
862,000 o a9 % special plant, debitable to work . d 10 86,200, Ditto.
100,500 , | Well concrete in cement e - (it go| 80,400/  Ditto.
194,000 5 i ,»  in mortar . . . . 30| 58,200 Ditto.
113,300 , masonry in cement . . . . . 100| 1,13.300 Ditto.
526,500 4 5 ,, in mortar " . . : - 60| 3,15,900 Ditto.
401,500 ,, | Superstructure, masonry, ordinary . . 60| 2,40,900 Ditto.
47,600 » 1 ashlar . . . .. 100 47,600 Ditto.

3700 1, ft. | Pile bridging & reclamation of gites for piers & girders 40| 1,483,000,  Ditto.
600,000 ¢. ft. | Stone protection round piers . . . : 6| 36,000 Ditto.

5,300 tons | Girder work delivered at port « ~ . o X 240(12,72,000 Ditto.

5,300 5 Carriage of girders to site of work . . 5 I 12| 63,600 Ditto.

5,300~ ,, | Girder evection and rivetting, labour, and stores , 3 45| 2,38,500 Ditto. '

5300 ,, |Girders, special plant, debitable to work « . 3 10| 53,000 Ditto.

5,300 ,, |Girder painting . . < * 5 . . 5l 26,500 Ditto.

3,700 1. ft. Longitudinal teak sleepers, three of them . 2 6l 22,200| Ballast and R

5 miles | Temporary Railways for service of bridge . .110,000{ 50,000| Ditto ditto.
Lump sum | Temporary Workshops and Store buildings « . g RN 90,000| Stations and Bdgs.
v o | 80000 Ditto ditto.

3 ,» | Temporary quarters y ) . .
3,700 1. ft. | Battened roadway 3 . . . 5| 18.500| Level crossings.
Lump sum | Plant, ordinary % - . A . » T e 60,000/ Plant.
Tstablishment, 7 per cent. on Indian outlay except plant | .., 1,37,000 Establishment.
Contingencies, 5 per cent. on Indian outlay, except Plant
and Establishment . . . . . " Lo 97,700 Coutingencies.
Total o] we [35,75,000
or Rs. 945| per foot run.
The above estimate is for 80 feet wells.
Every 10 feet of additional well = Rs. 1,25,000,
Add—Approaches ¥ . . . . ol |2 80;000
Training works ¢ . . . . il e | 871,000
"GuaND TOTAL o v [44,26,000
e e e
ABSTRACT OF ESTIMATE OF APPROACHES AND TRAINING WORK OF THE KISTNA BRIDGE.
Quantity. Deseriptiony Rate. Amount, Head of Account.
PR TN el e T Y
APPROACHES. Rs. Rs.
400 acres. | Land . . . . N R ks FhE0 Y Theghl 150 | 60,000 | Land.
5,000,000 Earthwork in approaches, roads, and service lines 6 | 80.000 Eqrthwork.
50,000 | Road metal on' approach roads, in place . . 8| 4,000 | Ditto.
Lump sum | Buckingham Canal Bridge AT . . . vl 45,000 | Major Bridges.
» Bezvada Canal Bridge . . . . . 45,000 | Ditto.
100,000 | Ballast ~ « . " » = . K . 6 6,000 | Ballast and_P. W,
No. 6 | Level crossings, gates, &c., at the three bridges 500 |- 8,000 | Level crossings.
1 mile | Fencing, double, post and wire . . .| 8000 | 3,000  Fencing.
14 ,, | Permanent Way, three rails, in place ¢ . .| 83,000 | 58,000 Ballast and P. W,
Establishment, 7 per cent. on Indian charges . . Hen 15,000 | Establishment.
Contingencies, 5 per cent. on Indian charges . . e 11,000 { Contingencies.
: ToraL . v |2,80,000
TrAINING WORKS.
20,000,000 | Earthwork at e g ¥ . . . 8 |1,60,000 Ef_:rthworl_{.
4,000,000 | Stone pitching . el . . . 8 (3,20,000 | Kistna Bridge.
2 miles | Service Railway for permanent use . . .| 15,000 | 30,000 | Ballast and P. W.
Establishment, 7 per cents . . . . " 35,700 | Establishment.
Contingencies, 5  » . . . . yo 25,300 | Contingencies.
' TorTAL . we  |5s71,000

20th June 1890,

F. J. E. SPRING,

Ezecutive Engineer.
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ABSTRACT OF ESTIMATE, KISTNA BRIDGE, 17 SPA » - : .
20 SMALL WELLS 80 ang gglfpm FEET, ON SMALL PIERS, : ABSTRACT OF ESTIMATE, PRINCIPAL QUANTITIES,
: . 8 TAKEN FROM THE DETAILED ESTIMATES OF THE VARIOUS DESIGNS.
Quantitys Deseription, Rate “ Quantity, Deseriptions Rate. Amount, Bs. Total, Rs.
e DS & otal,
Yimi Rs J : Suars Werzs AND PIERS.
Preliminary « PR o : PR g . Rs. 11 tons | Well curbs and bond iron i .| 3850 3,850
990 tons. | Well curbs an bond iron 2 f ot ! ' vor 10,000 45,000 feet | » Sinking . y L i . 35 15,750
ggg,ggg feet | Well sinking, 1ﬂb01_11‘1 a.rid stores : s X 3 Sg 77,000 4,200 , = cement concrete o y . i 80 3,360
s i ” » _SPECIB: plant . . . ‘. % 3 2,25,000 ,500 mortar concrete . o . . . 30 2,850 .
1%4,(888 » , concrete in cem:nt' . ‘ - A ] y éO : 90,000 2,900 :: :,, cement masonry . . . 100 4,900
0, » T RO PR IR 1T Sy S M, 67 it % ; “| 7 mortar maso o i A 60 15,840
98,000 ,, Iasonry in cement 3 g 2 : L . 30 7:38% ) %?'igg L P’iet m::onry, ordxil;Zry < . . o Eaag e 8 10,440
528,000 » » bl 1 Sl AR 100 8,000 o i RRE s e .1 200 2,000
2;’3’338 o SiofPlerdisniyy gl aatyo Dics | S Y SR e o 8,16,800 ' A Total  «f 59,000
3 ” 9 Et] 3y . . ; J ¥ ] . 1,6 : ;
g(l)’(igg ” Abutment masonry, ord‘;;mry ’ . . o ' : 1%% 32833 16 tons | Well cu}éﬁ,ﬁ x:ﬂfo:m PTEBB : s 350 5,600
3900 o | Girder work "1 incloding. §oo L Sl 48,600 B0 Foch | e G = e TS Mt 35 21,700
3700 p;{e bridgin{; ,m’dl 1:33 ing plant and painting ., z %02 20,400 6700 » | » cement concrete S ; 80 5,360
800,000 2 St Gfackt amation . . . 3 4 12,16,800 12,900 mortar conerete  « . . . 80 8,870
700 4, Te(::‘lf;;::ep?mmn TR R < R - g 4’3 1,48,000 ] 7,600 s ”  cementmasomry ot ' 100 7,600
5 miles. | Temporary railway TR ' B gl 6 33138(0) } ) _ 35,100 » o mortar masgpry Ao e . gg f %,(())gg
Workshops and staff 3 5 ’ . 5 A | » 21,800 s jer masonry, ordinary e . . . i
3,700 1. ft. Battened rondway it ) g A B 0000 o G0 E | woa . SERMBINE SR e .| 100 2,500
Plant, ordinary . ) 3 4 o . . " 5 '] ,000 Total . $ 81,000
Establishment  + . % el S R " e?,'ggg ABUTMENTS FOR EITHER DESIGNS.
Contingencies : 3 e V5 : . . 8 11170 Superstructure only.
5 * . . 1350 40,500 feet Abutment masonry, ordinary -« . . 60 24,300
ser 79,760 10,200 3 ot ol e s 100 10,200
Add—-gpp.roaches . [y I, Toman . o 30.64.000 Total e T 34,600
S raining work . . 7 = . . . o 80,
* ' . . 4 g’?‘f'&ﬂg GIRDERS. Tons. Rate. Cost. Total.
a bt s Py One span. il Rs. R‘ZS.O Rs.
. . e nglish . 240 55,20 -
#9,18,000 000 tone | 17 spana of 208 feeb = 20 |{ T & 72 85,2003 7760
A orap e el T T SRR aa |{ pomiet < Ppp A
T OF ESTIMATE OF KISTNA BRIDGE WITH 252 FEET SP L a| w0 {DER e Hangs0 § L7280
PIERS, 80 FEET FOUNDS, SMALL WELLS UNDER ABUTMENTSAN}]J'A&%EQEPWELLS AND B300 i LUE e B0 T i Tokan ;= @ | DRBADNAETT s
: NS 14, P o
Quaity. Desietpton 7 . +—eTRAOT OF ESTIMATE OF COMBSRSTIE OOt OF ONE SPAN
Rato, ot b OF EACH OF THE THRERE DESIGNS.
Preliminary Expenses z Deseription. Amount, Tetal,
2%‘1% tons | Well curbs anmnd SF ARl wells s SR T :.Rs 1(1)‘3{,0 ////_——’—— S T
A 7 340 #90 ” ) e : : - . . 350 e Rs. Rs.
180,000 c. £t. | Well sinking, labour and stores, small wells . _ £ X $ 350 ;i'é‘ig 206 et SPAN: . ' s . . 59 (;300 P
180,000 “ ,,  special plant = 3 g . ~ - 25 45000 Well and pier, small, as on last table = . . : : 3 : : e
gg .ggg ” - & ?i)‘:z?i];l :;)rid s:ores, large wells * f A ¢ %0 18,000 ochsr it%ns ge ending on ength of bridge : 4 : : : 55,200
3 ” ” ” 3 an " . ! b " b ; Girder, nghs v & b ¢ 8 . 5 . o 16,560
19,500 5 | Well masonry in cement, small wells . X : . . . 10 1'?2’%?) o " Indian . . . ’ ; / : ; } 1 5.950
105,500 4 ” » . mortar o " . 4 > 3 ¥ 100 19'5(0 Entn\)liﬂhm?nt $ 3 s X ¥ . . o . . 4,290
16,900 ,, concrete In cement s . ) , 2 . 60 63'30() Contingencies . 3 Y ‘T tal x § : 1,560,600
22:(1)88 » » » mortar ) i % - ;. % . ¢ . 80 13'590 e : L ’ & 3,500
3 ] 9 cement, lar, . : ) . . 2 2 H % o . . . 2 A % 4 '. 2 : v e
lgg.%gg :, ,: ’.: mortar’ o8 & WeBs p . : . . . gg %;'ggg Pitching ToTAL . . . - . oy 1,64,000
s » ” ” cement  ,, of 4 . : $ ¥ . 30 50'430
g‘gg;ggg ” 39 » l_nortm' 3 " » s . Y ! X 100 98',200 253, gaun RRAN: . . . 81,000
) » | Pier masonry ordinary AR el VAT R 60 | 273780 \Well and pier, large, 88 o0 e . Lo
32100 'y |..w . w 8sblar Sl G AN e 60 | 1,690,740 Other items depending oo jengiel B Y el D ST , 92,608
g]i’gg(()) ,» | Abutment masonry, orl;ilmary . 3 3 : . . 8 130 32100 Qirdars, In dien y < . y e . . . . . 75’360
’ » » » ashlar * 3 # 4 o ’ 0 48,600 En lish . L : & > ] 3 % A : 8’092
4,400 tons, | Girder work all, including pl inti ! » . . 100 21,00 i R . . . . § * g X >
37001, ft. | Pile bridging and ialag plant AR e ls 8 TR AR S48 500 E“‘;!"‘slﬁfg Ry g P T 5,740 =
700,000 o. £t. | Stone protection round piers g s Z i i (FA L 40 1,48,000 Conting Total e . . . v 104,800
3,700 Teak sleepers . . 2 J < e A A . . 6 42,000 s 3 5 e . . . . J . oee _______3'_2_09—_
5 miles | Temporary Railway . y R ¢ : s . s . 6 99900 Pitching  * . . ToTAL X 3 ; : ; e 2,08,000
3700 1 ft K‘;‘i;le‘ihgprs “E‘g staff quarters, temporary  « o 75, oty e 3 50,000
y o 10 e (O} a . P - b . > . e s 5 . A
gt et B e ST s e B PR ; e B Lo e n R
Establishment % ¢ ; 3 . . . ! e = 60,000 Well and pier large, 88 on 1as iab %t bridge - 2 . - v . 14,000
Contingencies . I g - l 3 - e 117, Other items depending o0 eng y A s . . ; 31,680
. . ;_[‘OT . . 2 3 ,83,%(1)3 Girders, Indian . . : ! 3 5 A = ¢ ¢ 1,05,600
Add—Approaches  « . ¢ ; ; AL . . . 33 10.000 ey E“glz"h | £ 2 ‘ . . ’ . . . 8,940
Training works o 3 : ' . . 3 2y 2:80'000 g::at\i)‘l::;g?; : P 3 % 5 = . . . . 6,380
e o I 117 e A #4500
1) 1,())’000 Pitcbing . L . 4 TOTAL § . . . . e 2,51'000
204h June 1690 F.J. B, SPRING, F. J. E. SPRING,
: . Ezecutive Engineer, ooth June 1890. Eaecutive Engincer.
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ACCOUNTS ABSTRACT.

e B o 4 A

o3 93 - - . SUPPLEMENTARY REPORT ON KISTNA BRIDGE GIRDERS.
gl 2.1 4 R Ak SRR 2218 818 :
§ 3 =] & 086‘ H=Fer sz | i L= i T s 3 S g: P ik
— - 2 wn
o g S § all K :§ REVISED DESIGN FOR A 300 FEET GIRDER.
[} - - - - o. - .
; % & 8 il e %“ 1|3 ey 1. New design offered.—Since sending up the Kistna Bridge plans and estimates I have
N = o = o s % . had more leisure to go carefully again into the girder design. 1 now therefore submit a revised
g 3 2 88 23 -5 —- 3 design which in several of its prineipal features is a distinct improvement on the previous one.
412| 4 s 2 Sg dg %. y §§ SR8 oy i I mentioned in para. 61 of the report that the girder drawing then submitted did not pretend
g £ G N - Bl FFOCE ) I to greater accuracy of design than was needed for rough purposes of draughtsmanship. The
8 £y . = > resent girder has been designed with greater care, and will, I think, be found in Sir A Ren-
e : g 88 e : 'ga Y dell’s office to be fairly correct in its dimensions.
2 % & ig g3 i - R §. § A RY Sutpl i 2. Difference between new and old designs.—This design differs in one very essential parti- :
Sk Vo < : A = 3 ~ 3 cular from the previous one, in this, that it is a double and not a triple system of triangulation, &
3 & £0T 1 < with 45 degree bracing. From this it results that the vertical struts and the cross girders are |
il 28 g8 88 g gs g8 T s 16 feet apart instead of 10. This hus of course led to the strengthening of the cross girders, .
2 S e T s s e m.li§. § i = and of the rail-bearers. I have also spaced the main girders 20 feet apart between centres
A & ¥ LN R R B ;1‘ instead of 18, and the effect of this increased spacing upon the wind stresses has been that less
= R metal is requirved in the booms to meet wind stresses than was previously needed. This increased
-4 g 8 g8 8 e ' spacing will not necessitate the alteration of the piers, which were already sufficiently long: it
g% g: : gl oo = é :; -E gives me a very much more satisfactory girder, and particularly so for road traffic.
g ﬁg o ¥ §- 3 B 3. Booms.—Instead of making the boom side plates and angles uniform throughout and
s T g2 8 IR E altering only the main plates, I have given heavier side plates and bottom angle bars towards
=:§ 3 e i 3 ! §“ : é% § § § T & the middle of the span, and this has allowed me to avoid the use of too heavy main plates,
3 Eg A o B o S i¥|@ i3 which for a breadth of 3’ 6” and a length of 30 feet are, I understand, difficult to procure.
B g = “ 4. Fud pillars—The present end pillars differ from the previous ones in having open
5 4 ; g 88 8 8 Tg— lattice bt‘lzlcixxgs on one face, to allow of better access to the rivet connections of the special end
S & o S ian| 3 v N SR cross girders.
a e 2 c: . T 5. Special end cross girders.—1 have omitted the upper gussets or buttresses that stood on
3 oo o i the special end cross girders in the former design, and have found more room for the connee-
g 2 §“§ 22 8%-:85% §§ §§ £88 tion with the boom, to allow of the use of fourteen 14” rivets for the connection. As these
g 4. S8 &5 S8a7° © sg Sk ?;- rivets will have to carry 100 tons in the event of the girder ever having to be lifted, they
o g = > 3 B will of course receive special attention when bemg.drwen. The design of the special end cross
B E o . girder is more practicable than the former one, which would have given trouble in the manu-
: E ] Sé— §. 3 g §§.§ 3 8 e facture, and had not been carefully thought out.
E C M OR3 8 g tilg gedle -3 § i 6. Trimmers.—As the rail-bearers for the broad gauge are so much deeper than in the
s ~ .3 = S T e % b B previous design, they cannot well be of channel iron. They must therefore be built, as shown
2 : 3 2 8838 23 \—.i on the present drawing ; they are a little too strong, but in rail-bearers this is a fanlt on the
: g &4 %»2; §"§” 3 é'g”m" o= ; §-§ g3g8 right side. The rail-bearers of the metre rail may be of chaunel as previously designed, and as
2 3 L a ©g|* & ged |8 shown on the present drawing. :
= @ 8 ¥, o 2 7. Roadway.—~The 2 feet extra width of roadway now given is a greab advantage as it
Z 8 § §§88 g8 ,, will allow of two opposite streams of road traffic. I don’t think that the original quadrant
g LR M P - > . §.§ § "é}g : section of road kerb would have kept the loads of country carts sufficiently far from .the ‘
g & ig &° $%9 St & S St L % bracings. I have therefore carried the Weston plates right through the road from side to side, |
8 < o I and have laid down two old metre-gauge rails as guards, about 2 feet 6 inches from the sides |
g g0 88 =3 E:': of the girder. This will allow of the side walks being used by foot-passengers. These kerb
s £4 i §§ : - E, ] ; =8 §_ .:9 ?;;E’ rails will be bolted down through the Wesfon plates by little hook bolts about 3 feet apart at
G g2 € o : 4 SN ' BR|R =2Fw alternate sides of the rail.
& £ 8 S Em:g 8. Rail guards.—A design of Mr. J. R. Bell’s for an improved form of rail guard has
& e g ] 3 2 g8 ggg |8 EEE suggested a modification which I think is a further improvement on Mr. Bell’s. I have shown
£x e :g " i R gs| ¢ SRS ) 23 a sketch of Mr. Bell’s, and alongside of 1t my modification, and I would press that .the latter
<A R p o 3 = DB Rk $2 be adopted. The guard rail of a long bridge may be called upon to serve such very important
- ] NZ functions that it ought I think to be scientifically designed. Instead of Mr. Bell’s ‘trough,
? ' AR - : £ s which is heavy and expensive, I have designed two similar Z bars of special section, on the lower
g 8 :E i g B flanges of, and between, which the rail stands. fl_‘o give the usual cant to t,he' rail Mr. Beil
g . '5’ ErASes 2 Fharvis s e E’ s LS LR canted the surface of the timber, this is a difficult thing to do satisfactorily as the long
> § %& E = E R 5 8- timbers warp very much in the sun, so I have canted the rail by the use of a specially designed
- § S ﬁ%&% il E § T ;? E o E el bearing plate, which serves the purpose also of fishing the rail guards together.
5 E. ERAE - 2 § .. E s ?;:g i e T 9. Ruail fastenings —In the foot of the flat-footed rail, ab intervals of 3 feet on both
s % g BME g EA& = T 38 = i s sides, a nick is milled out. In this nick lie the holding-down bolts, which hold together the rail the
g é‘ J g . L‘ s g% & E g - il § g Iy : bearing plate the timber and the trimmer. The rail guards of course have their lower flanges holed
ﬁ ‘g 3 ] S s FoRE a4 3 T3 at the same 3 feet intervals, so that the bolts may pass through them, Mr. Bell had passed |
g - S BA g ERCECY R é'g - ey g these bolts down through the timber and through two holes in the cross plate on which the
3 P S e Rtl 3 29 8 Lid S timber rested, and then through the corewed holes in a double nut below. The disadvantage of \
i —EE T fpE = R B EEE o this was that if, as with the greatest care may always happen, a joint of the main girder was |
R ks (il & A Ea Eed :‘ slightly out of line, the rails had to follow its crookedness. To allow of the absolute straight=
29 ’ ~ - ening of the rails T have altered Mr. Bell’s design as follows. Instead of two holes in the plate
22 My d connecting the two sides of the trimmer, on which the timber rests, 1 have a slot, through
Z g -2 which the two bolts pass to the double nut below. The slot is managed thus. Instead of
53 R putting one short 12” piece of channel bar across the trimmer at 8 feet intervals, for the timber .
-
- i
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