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\ SYNOPSIS
v The Paper describes the test to destruction of a 96-f5 ¢ U ’-shaped prestressed
i coucrete girder, 5 ft, 1 in, deep, prestressed with 256 high tensile steel wires (0.2 in.
4 Lo diameter) anchored on the Magnel-Blaton system, Four such prestressed girders
’ with a 6 i, R. C. deck slab will constitute the superstructure of the completed
bridge described in the Paper as designed for I.R.C. loading.

The est load was applied with four hydraulic jacks operating against cross-
girders anchored down to buried counter-weights. The details of the design and
construction of the prestressed girder, the method of test, the instruments used,
the observations recorded, and an interpretation of the results are given, The first
crack (visible with & magunifying glass) occurred when the applied load correspond-,
od to a factor of safety of 2.0. The beam was taken to have failed under about six
times the design live load. The possible effects of the continued application of the
full working load over a long period are discussed. ,

1. INTRODUCTION

1.1. The first prestresséd)'concret,e' highway bridge in India
is now under construction over the Pafar river near Chingleput on
National Highway No. 45, about 40 miles from Madras.

1
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1.2, When ¢
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wree bridge, ¢ on several alternative desiv
o Ooni‘re);l; lhe Towest tender wasg for a bridge wif;fnH
e ]/ CVe superstructure. Ay prestressed con ,t was
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piers are ﬁnish&i \{f)f/t[h cﬁ‘”" plums of % in, size. The to ):Onfcl‘ﬂte
bicrs o ; 1 - C. slabs to carry the prcé'wt o e
, . a8t prestressed

) ‘2,202 ft long
consist of 23 spany, each

Photo 2: Test beam under load Beam on the
. r
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1.4, The Superstructure..—The decking consists of four
precast, prestressed U-shaped girders spaced at 6 ft centres. Each
girder is prestressed with eight cables, each consisting of 32 high
tensile steel wires, 0.200 in. diameter. {our of these cables are
straight and four parabolic. Six-inch thick internal diaphragms
at 9 ft 6 in. centres are precast with the girders. Besides these
internal diaphragms there are corresponding external diaphragms
cast in situ, and provision is made for connecting these external
diaphragms with the girders and with the deck slab. The internal
diaphragms incidentally serve during construction to keep the
cables in the desired position and both diapbragms serve to
distribute the loads between the four girders.

1.5. After the precast, prestressed girders are placed on the
span, the 6 in. thick R. C. deck slab is laid over them for their
full width and length. Under the superimposed loads the deck
slab and the p:estressed U-section act as a composite beam. The
kerbs, handrails and wearing coat arve then cast. The details of
the design of the superstructure are shown in Plate 1.

2. DESIGN OF THE SUPERSTRUCTURE

2.1. Design Stresses

Type of stress Working stress | Ultimate stress

Prestressed concrete, compressive

stress in flexure 1500 1b./sq. in.| 5000 1b./sq. in.

Tensile stress in flexure Nil Nil
- Stress in high tensile steel 140,000 1b./ 220,000 to_
8q. in. 240,000 1b./
8q. in,
Assumed maximum losses due to !
15 per cent

shrinkage and creep in concrete
and relaxation in steel

2.2. Bending Moment and Stresses at Mid S_panb o

2.2.1. Owing to the existence of the diaphragms, whose
stiffness is many times that of the main girders, it is
assumed that the deformation of all the longitudinal girders .is

1-4
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equal for any loading across the deck. H

. . . ence th i
moment due to live loads in any position on the deck eis al::‘x(rliing
to be equally shared by all the four girders, ‘ °

2.2.2. Fig. 1 shows the secti
_ 8 on through i T
unshaded portion of the girder is the precagst onr(:)stglrdé:i e
Its properties are : > Prosiressod unis.

Area of section

= 958 s8q. in.
Moment of Inertia (Leg) = 4;9 ;:)14 llrrll t
Section Modulus, Z, = Iy, = 14 0(’)0 in.3 .
Section Modulus, Z, = 1|Y, = 14’900 in.s

After the deck slab ig built, th i i i
The properties of the composite s:actifo}nchr‘:l;osme section will net.

Area

= 13 i
Moment of Inertia, Iog = 793,732 liiq.:n.
Section Modulus, Z, =1/, 99500 b
Section Modulus,:Z, — 1y, = 19 éOO il:'a

2.2.3. The weight of one precast gi ; : .
nal diaphragms and cables ispl,lﬁ):és lElrI()l:: lfnocg: du’i‘gh th; Inter-
moment 1s equal to 1,192 x 937 x 1.5 = 15,400.000 in l% ending
N . ’ o

h~ 72 e
A A A A A S B A A T
i e JI o
| B

- A L COMPOSITE_SECTION
SECTION

31

1

)
m_m |y _L I
] Y
FIG..1 SECTION OF THE GIRDER,
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The weight of the deck slab and the external diaphragms is
2,088 1b per it, i.e. 522 b per ft per girder.

Bending moment due to this = 522 X 932 x 1.5,
6,800,000 ip. 1b.

I

2.2.4. The loads acting after the deck slab is set are: .

(1) Dead load due to the

weating coat, hand-

rails and kerbs, = 1264 1b per ft _
316 1b per ft per girder
316 x932x 1.5 '
= 4,100,000 in. 1b.

giving a B.M.

(2) Live load with impact
per girder (2 lanes of
clags ‘A’ are severer
than one lane of Class
‘AA’ loading in this
case), giving a B.M. )
(Appendix I) = 12,200,000 in. lb..

Total of (1) + (2) 16,300,000 in. 1b.

2.2,56. The prestressing force is applied through eight cables,
each 0f,32 wires of 5 mm. diameter (0.2 inch) stressed to 140,000
1b per sq. in, A

Four of these cables are straight and the other four are para-
bolic. These inclined cables are required because it is essential
that the centre of gravity of the cables at the end of the girder
should be within the kernel of the section to eliminate tension’
in the concrete. It is also desirable to distribute the: anchorage
over the face of the end block as uniformly as possible. The
vertical component of the prestress in the inclined cables opposes
the shear caused by live and dead loads and . hence ‘it is
desirable that the vertical component of the prestress should be
equal to the dead load shear plus half the live load shear. The
arrangement of the cables as shown in Plate 1 is adopted as a
reasonable compromise.

2.2.6. The total initial prestressing force is 8 X 32 x 0.0314
x 140,000 = 11,25,500 1b (where 0.0314 sq. in. is the cross-sectio-
nal area of each wire). The eccentricity of the cables at the centre
of the girder = 29.6 - 7.7 = 21.9 inches (See Fig.1). Bending
moment caused by eccentrio prestressing force = 1,126,000 X
21.9 = 24,600,000 in, Ib. .2 - v L S



350 NamBiar & Ras on

2.2.7. Stresses at Mid Span (See Fig. 2),

Stress when prestress
is first applied

Stress after
15 per cent loss

Ib/sq. in. 1b/sq. in.
Top Fibre
Due to prestress =
1,125,000 24600000
*9s8 ~ 714000
ie. +1176 — 1760
15400000
Due to deaad loard = ’W
= +1100 +1100
Net +515 + 605
Bottom Fibre
Due to prestress =
1125000 = 24600000
9568 14900 +2401
= $1175 + 1650 = + 2825
Due to dead load =
1,54,00,000 _ —1030
14,900 = —1030
Net +1795 +1371
—— ———

Stresses due to the deck slab

(vide para 2.2.3.):

6800000
Top fibre —Tio00 =

6800000
Bottom fibre ~ 14500 =

Stresses due to all additional loads
handrails and live loads (see para 2.2 4

16300000
Top fibre 50500 =

16300000
Bottom fibre 9805 =

and external

diaphragms

+486 1b per sq. in.
=457 1b per sq. in.

» 1.e., wearing coat, kerbs,
+552 1b per sq. in.

—822 1b per sq. in.
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The final stresses at mid span are shown in Fig. 2. lAt
other points the dead and live load bending moments are smal ler.
The counter bending moment caused by prestressing 18 also
smaller on account of the decreasing eccentricity of the parabolic
cables.

+07s -1760 +1100 4518 + 605
!
\ N e
+ L\+ / = |
+1175 - +1650 -1030 41795 Co+3n
— v J DUt TO .
OUETO PresSTRESS DEAD LOAD NET AFTER 19/, LOSS
" eos ‘“‘ ‘l551 4 sz "520
. +429
+ ¥ -
+ 1874 -as7 -822 -0z | .

FINAL STRESS DIAGRAM
FIG.2 FIBRE STRESSES.

2.3. Shear Stresses near the Support

2.3.1. The maximum shear stresses occur in the web at the
junction of the U-girder with the end block.

Length between end blocks = 85 ft
Dead load

U-girder 1192 1b per ft

Slab, etc, 522 -do-

Kerb, handrails, wearing
coat (see para 2.2.4.) 316 -do-

Total 2030 ib per ft

Dead load shear = _2_0322& = 86,500 Ib per girder (approx.)
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2.3.2, Live load shear

Class ‘AA’ is severer in this case,

Each track of the 70-ton tracked vehicle constituting the class
AA load is directly carried by one girder. It is assumed that the
fraction of the load coming over the deck on and beyond the first
diaphragm is equally distributed over all the girders while the
oth&ar portion of the load is directly carried by that particular
girder.

fo—t2 —s4p 10 TOMS + 25% IMPAcT. (13 Tonsf F1).
:{ ﬁv‘x'ﬁ‘bk‘-}c
END BLock ]j
[

fe 8s- 0" |
93’_011 1

Fic.3

Shear Near the end Block. For calculating reactions at A
B, and C the deck slab is assumed to be simply supported at th(;
above points.

Reaction at A due to load AB

7.3 926
=5 X 5 = 16.9 tons.
Reaction at B due to load AD
_ 7_3 9.25 73 8.125
Shear at A due to reaction at B
73 926 7.3 8.125 3} 79.75
- {T X Ty p X278 x o b2 = 10.93 ton.
Reaction at C due to load BD. .
7.3 1.375
= X 2,76 %X 55
Shear at A due to reaction at C
7.3 1.378  70.25
= X 2.76 X 95 X 53 = 0.57 tons.
Total Shear at A } = 28.40 tons. or
16.9 4 10.93 - 0.57 64,000 1b. (say).

~Total shear =86,500--64,000 = 150,500 1bs.
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2.3.3. Negative shear due to prestress

The slope of the four bent cables in the end bay is 1 in 8.
Therefore negative shearing force

=085 2005 g .
=59,700 1b (see para 2.2.6)
Therefore net shear force, S= 150,500 - 59,700
=90,800 b
S.Ap :
Shear stress =37
A.7 above N. A. (See Fig. 1):
72 %6 x23.9 =10,325 in.2?
2% 14x9%x16.4 = 4,133 in.®
2x565%x11.9%x11.9/2 = 708 in.?

=15,168 in.?
1, for the composite section =793, 794 in.* (Vide para 2.2.2)

90800 % 15166 _

S Shear stress = X E % 08704 174 1b per sq. in.

The compressive stress at the neutral axis is 950 Ib per sq. in.

- : 950 —950%
~ Principal tensile sfress =5 - J 1742 +__4_
= 475506
= 311b persq. in.

Shear stress at the junction of U-girder and deck slabis . -
sy
b.I
Ay = 72x6x23.9
= 10,325 in.® (Vide Fig. 1)
*. Shear Stress : A

90800 10325 _
= gxTEx793704" o
# 42.1b per eq. in, . . e

e, -
P e



354 NamBIaR & Ras ow

3. CONSTRUCGCTION PROCEDURE

. 3.1 The precast prestresscd unit was cast in stages. The
internal diaphragms, 61 in. by 41 in. by 6 in., were cast sepa-
rately with }}oles for cable ducts, and placed in position on the
soffit shuttering. 'The solid end blocks wero then cast. There-
after the soffit slab was cast between the diaphragms together
w1th' the webs to a height of 4 inches, Finally the remaining
portions of the webs were Sas'o. (See Fig. 4)

CONSTRUCTION SEGUENCE

DATE PROGRESS DECK SLAB
28-3%2 | 2 DIAPHZAGMS Yo
2-452 | 2 DIADHRAGMS
6 452 | WEST END BLOCK
8452 | 2 DIADHRAGMS
9-492 | 2 DIAPHRALMI
10-4-52 | EAST END BLOCK

164 %2 | WET END BAY BOTTOM SLAB
17-4-32 | REST @ BAYS BOTTOM SLAB
20432 | SIDES OF BAYS 1.2,3,4 FROM WESY
27-4-92 | SIDES OF BAY) 5,647
29-492 | SIDES OF 8AYS 8,9
3.6:22 | DICK SLAR!

€164 CONSTRUCTION SEQUENCE

3.2. This construction sequence meant th
. . L at t
horizontal construction joint in the webs four inohesh ill.aeovza:h:
soffit slab. However, sufficient vertical stirrups were put in the
webs tod withstand tae pr}llncipa,l tension occurring at the neutral
axis and consequen the i
iy q y re was no danger of cracking at these

3.3. The concrete mix used i i .
with a water-cement ratio varyinm s ook was 111
aggregate was not graded specially. A .
in & pan-type mixer. In cI()mcretiyng dg,p(ilc;'l;cgﬁze v:vai) mixed
end blocks, internal and external vibrators were edSI > snd
the soffit slab, only internal vibrators were employed usg di ror
portland cement was used for tho precast unitsy Th averae
strength of concrete at 28 days was 6,230 b I;ers %, e
order of casting the test girder with d,atee is showg'i‘;“pi: l;e

03
g from 0.42 to 0.45. %‘I‘he

DrsTrRUCTION TEST OF PRESTRESSED GIRDER 365

Rapid hardening cement was used in the deck slab which was
cast later (see para 4.2.).

3.4. A camber of 1} in. in the soffit slah was provided for
at the time of casting.

3.5. Prestressing

3.5.1. Prestressing was done in a specified order to produce
uniform stress in the girder and to prevent any jamming of loose
wires. Appendix 1I gives the order of prestressing the cat?les,
the load applied, and the elongation and slip for each pair of
cable wires.

3.6. Pair loss

As there were 128 pairs to be stressed in succession, a loss of
strain in the wires was expected to be caused by the elastic
deformation of concrete and this was allowed for. This is known
as “pair loss’’ and is computed as follows :

Maximum compressive stress in con- .
crete at mid span (vide para 2.2.7.) 1795 lb per sq. in.

Atthe end of the span (vide para 2.2.7.) 1175 1b per &q. in.

.Average compressive stress in con-
crete (assume parabolic variation)
. =11784-2/3x (1796 - 1175) =1588 1b per sq. in, -

. 1588 .
. Average strain in concrete =% where E, is the

(4]
modulus of elasticity
of concrete.

127 1588 S

Strain lost in the first pair of wires = 128 X E,
. . : 127 15688
~ Average strain lost in the wires | =4x 158 % B,
. . . 127 1588
So stress lost in the wires =356 X -—E—;—,x B,

(E, being the modulus
of elasticity for steel)
127 o
=388 X 1688x7

= 5500 1b per sq. in,
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. 5500
& Pair loss = 140006 =4 per cent

3.7. Slip

3.7.1.  An allowance for a1

/16 in. slip in the wedges was
also made. For stressing each pa

ir of wires the actual extension

side outwards. Thig
gan slipping. The

3.8. Deflection due to prestress

3.8.1. The ratio of dead loa

. d moment to that of prestressed
counter-moment is :

15400000 ,
54600000 = 5/8 (88Y) — (vide paras 2.2.3 ang 2.2.6.)
That is, when 5/8th of the tota) wires s

girder will ‘“hogup” completely and dqurin
was actually noticed to be the case.

re prestressed, the
€ Pprestressing this
teresting to observe

effect of the cccentricity of the Prestressing forces. We might
also conclude that during this period the concrete might have

been subjected to somewhat higher stresses than shown by
calculation,

3.8.2. During the application of the prestress, various defop-
mation measurements w

ere taken so as to have a ch
calculated deformation. eheck on the

Dial gauges were fixed to measure the vertical deflection of
the beam at various places

a8 shown in Fig. i1
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Table 1

Net Upward Deflection of the Test During
Girder prestressing

flection regis- | Deflection regis-
Pairs stressed in each De eg ' atl g D, | tered by gauge D,
tered by gaug y

cable (inch) (inch)
8 pairs in B, -+ .0034 -+ .0029
— .0066

4 pairs in B, — .0171
4 pairs in B, 4 .0096 -+ .0062
8 pairs in T, 4 .0249 4 .0404
— .0066

8 pairs in T, — .0024
0128
8 pairs in B, 4 0136 + 012
8 pairs in B, 4 .0208 4 .0252
8 pairs in T, + .0349 + .0383
-~ .0053

8 pairs in T, — .0028
094
8 pairs in T, -+ .0530 4 .0940
8 pairs in T, -+ .0030 -+ .0030
.0535
8 pairs in B, + .0490 -4 .063
8 pairs in B, 4 .0805 -+ .0750
7 pairs in B, -4 .0835 -+ .0870
0505
8 pairs in B, - .0345 4 .050
.1160
8 pairs in T, -+ .0930 <+ .116
1740
8 pairs in T, -~ .1160 4+ 174
1 pair in B, -+ .0195 -+ 00560
Total -+ .5872 -+ 7453
6
Corrected Total (0.1483) -+ .73566 + .893
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3.8.3. Actual deflections.—The dial gauge readings for D6
and D, during prestressing are given in Table 1. There is & marked
difference between the total of D6 (-4-0.5872 in.) and that of D7
(+0.7453 in.). In the case of D4 and D5 the totals were

v +0.3900 in. and +40.3975 in. and for D8 and D9, --0.4347 in.
and 0.4683 in. respectively. The ends of the beam rested on
timber scantlings and the downward movements measured at the
ends were 0.1170 in. at one support (east) and 0.1795 in. at the

other (west). Hence,

the net actual upward deflection measured at

D4 - D5 = '?‘99_9%53975, +.1640 = 0.5578 in.

PRESTRESS

—— DEFLECTION DUt To
DEAD LOAD

—— NET THEORETICAL
50

DEFLECTION

—~— ACTUAL DEFLECTION

1$v3

40

ODB
oDy

—o— DEFLECTION DUE To

30

/
/ L Sap8q_| D6 - D7 = -5,322‘,*2’~745,3 + -1483=0.8246 in.

N g
| DS-DY = -E?i?ﬂz;’“ﬁf’: + .1323=0.5838 in.
3.8.4. Calculated deflections :— Against these the calculated
deflection due to the simultaneous action of the prestress and the
dead load is :

at D4 - D5 .
and D8 - Dy | =0-6089in.

;-~2359'4i- 23'¢ —
Obg ~‘]
o7
PLAN OF BEAM

Ob4g
o D5
10
ET

|
éOF BEAM
[+]
LENGTH OF BEAM IN ft
TION DURING PRESTRESSING.

(This is actually at the third
diaphragm from the centre).

D6 -D7 =0.8546 in. (At the centre)

These deflections were calculated with an assumed modulus
of elasticity of concrete (E;) equal to 39x10° lb. per sq.
in. which was observed by testing a cube at 28 days, at about the
time of prestressing. The actual modulus of elasticity is expected
to be higher than that observed from a cube test. Moreover, for .
a concrete of 6,230 1b. per sq. in. strength this value of E, seems
to be rather low. Assuming a value of E,= 4'5x 10% Ib per sq. in.
the calculated deflection will be 0.6089)(2'.—2 = 0.5277 in. and

153m

1o

DEAD LOAD

20
FIG.S. DEFLEC

PRETRESS

0.8546 X é_g = 0.7407 in. The actual deflections were about

1 10 per cent higher than the calculated deflections. This may be

Q attributed to the deflections caused by shear stresses which were
not considered in the calculated deflection. On the whole, the

average observed values fairly conform to the calculated ones.

3.8.5. TYig. 5 shows the caloulated and observed deflection
b during the application of prestress. :
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3.8.6. End rotation ~—Two dial gauges were placed, one at
the top and the other at the bottom, on each end face of the
The observed end
inst the calculated

3.8..7. Elastiq shortening . Jp order to measure the elastic
sbortenmg of the girder during brestress, marks wepe made on the
sides near the ends of the girder and the end shortening was

measuted. The measured shortening was 0.39 in. i
calculated shortening of 0,295 in. 10 against the

225,300 7000
99757

19,400 g
gusor 6000

148,500 5 490 |

T =)

(=3
T
=)
21,600 = 4000
7007 = 4

,900 PS.1 0R 1475 T8 Y
I

SCA

#7100 = 3009

anT SPECIMEN ~HiGH TEN{WE STEEL
DIA.«Smm op 02"
AREA= 0-0314 54*

BREAKING LOAD «7380 Ly;.

> STRESS = 10 ToNS /s

STRESS SCALE:fpw3]

001"

8 T 7 3

STRAIN:1w=0016"
FIG.6. STRESS -STRAIN CURVE o HIGH TENSILE STEEL,
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3.8.8. Strain in concrete :—Flectrical strain gauges (S.nl;u. :3
were l;sed to measure the strain in concrete at nllfld-fsf}?: ?est,ress
the ends. The observed readings for the first ha Ot, tpof sbross
were very erratic. At that stage the instrument went ou

and further readings could not be taken.

3.9, The stress-strain curve of the high tensile steel is given
in Fig. 6.

4. THE LOAD TEST

4.1.  After prostressing, the girder was lifted up two feet and
placed on specially prepared abutments, Bearmgs'of steel were
s0 placed as to give an effective span of 93 {t (See Fig. 7).

4.2.  All the cables except two were grouted with ceme?b
mortar. To test the efficiency of the anchorages more seveflc‘ahy
these two cables, T7 and T8 (vide App. II), were left freeil : ﬁ
R.C. deck slab, 6 ft wide and 6 in. thick, was .then laid to t;t tlixe
length, in 1: 2: 4 concrete with rapid hardening cemer&t. b the
time of testing the girder, the strength of this deck con
excecded, 6,000 1b. per sq. in.

930" SUPPORT CENTRES
Ho'.s’—,irt.g'l ée‘x 96—

—Jzef

8-0'% 5.0° FOR sm;] ’
SOIL PRESSURE OF 27/pr’

ELEVATION OF BEAM ON TEST BED
b————1- 0"

RS 24'x 7'

IACK (2w 1% 6 M.5.BARS

L\TIMBER PACKING -

DETAILS OF BEARING

..J '}L- CK-FILLED WITH HEAVY SO&

7

- o 70~ mn—ed
SECTION SHOWING THE METHOD OF PROVIDING JACKING REACTION
FIG.7. LOADING ARRANGEMENT

]
I
|

-||‘6}._ 40y
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4.3. At the time of the tost it was assumed that only 10 per
cent loss in prestress had taken place and so the strosses af
midspan of the U-section (with the deck slab) were :

Top fibre = 0.9(1175 ~ 1760) + 1100 -+ 486

= + 1060 Ib. per sq. in.
0.9(1175 4 1650) ~ 1030 — 457

= + 1056 1b. per 8q. in.
The whole precast section was thus unde

about 1,060 Ib. per sq. in. while the deck
stressed.

Bottom fibre

r a uniform stress of
slab was not at all

4.4. Loading arrangement

4.4.1. The girder was loade
at 9 ft 6 in. centres, by means o
on timber packing on the deck s
in. rolled steel joists. These joi

d at the four central diaphragms,
f hydraulic reaction jacks placed
lab and acting against 24 in. x 7§
8ts were anchored down by means

i

b

Photo 2t Close up of the Loding Arrangement,
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of 1} in. diameter mild steel bars to two inverted concrete
T-beams buried in the ground (Fig. 7).

i i i 1d be subjected to
4.4.2. Since in actual use the section would
maximum stress at mid-span, the four equal jack loads were
adjusted to give the requisite bending momens at mid-span.

443. If W Ib. were the load on each jack, the bending
moment at mid-span would be 888 W in. 1b.

i i ils, and kerbs
- W, equivalent to the wearing coat, handrails,
together witg the external diaphragms which were not actually
cast on the test girder,
5115000

= - = 5760 lb = 2.567 tons.
T 888 5

4 x 2.57 = 10.28 tons

i

Load on four jacks

g . 5-_4
Rt
l

% %—l%‘ipﬁ! a’%’uf‘-gﬁ—@d’—? >

EAST
WEST

70

AVERAGE DEFLECTIONS
* OF D,&Dsg
/

2
©_YOTAL LOAD (4w) IN TONS

AVERAGE DEFLECTIONS
/' OF D, 8 D4

//’,KTHEORETICAL DE"LECTIONS AT DyoR Dg .

THEORETICAL DEFLECTIONS AT D) 08 Dg: ™" |
bEFL!CTlON‘ NG INCHES = ;

. . £ 64 06 - 06
?xé.s. LOADO&ZDEFLECTI%N; LOADING FIRST TIME . (n:fuf_gpua)
AW, equiv.ea.lent to:full liveiob,d{yide p@‘agraph 224) 5
L ' ;E?Em@j.@g‘;s,wo Ib or 6.14 tous, -

b
ooy Ry

o TP Y Z;-fx), EAUIASE Toeie
'j'Load on four jacks = ¢ X BJd = 2456 tons... . <.l

Full working load = 34.84 tona,
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4.5. Instrumentation

4.5.1. Various meagurements were taken during the loading
to have a comparison of the actual with the calculated deforma-
tion. Dial gauges, D, D,, D,, D, and D, as shown in the Fig. 8,
were fixed to measure the vertical deflection of the girder.

4.5.2. To measure the end rotation of the girder, two
clinometers, C, and C,, were fixed on the top of the deck slab at
the ends. As an additional check on this end rotation, two dial

gauges were fixed ateach end face of the girder (Dg—D,; and
D, -D, in Fig. 9).

c th'{vg%'“ |@;5:1w
L o sighese{s G
|

FiG.9. MEASUREMENL OF END ROTATION

4.5.9. To measure actual strain in concrete, electrical strain

gauges (Type S.R 4) were fixed to the concrete surface at mid-span
at positions shown in Fig. 10.

45 4. Three optical extensometers were fixed on one side

but, owing to a high wind, consistent results could not be
obtained. -

4.6. Load Application

4.6.1. The test girder was loaded on two days, viz., the

14th and 15th June 1952, The first day the total ;
was the full working load of 34.84 tons. Y al load applied

4.6.2. Fig. 11 Sh0w§ the observed and calculated deflections
along the length of the girder under the full working load. Here
the Young’s modulus of Elasticity for concrete was assumed as

6 x 108 Ib. per sq. in. against 4.5 x 108 |b. per sq. in. at the
time of prestress (sce paragraph 3.8.4)

. Th i
this higher value were : e reasons for adopting

(a) the concrete was older and therefore stronger than at
the time of prestress ;

(b) the effect of applying a live load to a composite beam
with a top flange (not prestressed) has mainly a ten-
dency to reduce the stresses in the prestressed portion
and the modulus of elasticity of concrete for release of
stress i greater than that for increase of compressive

PrsrrucrioN TEST OF PrESTRESSED GIRDER 365

otross. Also the stresses in the compressive reglon& 1.16.,
the in situ top flange were very low and t:he motu uz
of elasticity in compression for concrete is greater &
lower stresses than at higher stresses.

GAUGE
GAUGE NO.O Ne.

)
GAUGE i }F‘} 7
N|0-8

65 GAUGE

GAUGE No7 Ki\ NoZ
” GAUGE

37" N°'5
GAUGE No. 6 GAUGE No 4

v 5"
3 b
\r ‘_‘\G AUGE N@5

FIG. 10. DISPOSITION OF SR 4 GAUGES

i i t this stage
4.6.3. The observed end rotation of the girder & 3
was 0.0006 radian against the calculated figure of 0.0011 radian.
[Fig. 158.]

7 %o; BEAM
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_— | “\.,\\
|
|
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z
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R
LENCTW Of BEAM  (FEET)
Fig 1) DEFLECTION UNDER WORKING LOAD{15 TH JUNE)
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7
DrsreuorioNn TEsT OF PRPSTRESSED GIRDER 36
4.6.4. Figures 8, 11, and 12 show the deflection of the girder r
on 14-6-19562 and 15-6-1952. ‘The centre dial gauge, D, got stuck

up on the first day and gave rather ecrratic readings. It was
changed on 15-6-1952.  Attempts to observe the permanent set
over 20 hours of loading proved unsuccessful. As the jacks were
hydraulic, pumping was continued up to 11 p.m. on the 14th June

= |
WEL
10

5.
but next morning two jacks were found to be leaking, and hence ‘3 o
the test girder could not be taken to have been kept loaded fully. &l [0
This is a general defect in the use of hydraulie jaucks for test n @4*
loading over long periods. i Gl
[} wd o
4.6.5. The load deflection curve (Fig. 12) was a straight line - ‘3: t'o ® %
up to the first crack. To obtain a zero stress in the bottom fibre b Fin °3
the load required on each jack would be : 5 ': d 3:_
us T 'a)
1056 x 19800 2 @* 1
Teag = 23,580 1b or 10.5 tons w “d'o 5 s

Here, if the high tensile steel were also assumed to take part in
resisting the bending moment, the section modulus for the bottom
fibre would be increased by 10 per cent or so. The load on each

jack would then be 1.1 X 10.5 = 11.6 tons and the load on all the
four jacks would equal 46 tons.

|
f—

EAST

T

D
5

AVERAGE DEFLECTIONS OF DzE,D
[2]

OF D, OR Dy
(IncHES)

4///’ L THEORETICAL ~DEFLECTIONS OF
o2

//
-~
7

HEORETICAL DEFLECTIONS {
04

_
~

-
P

: o3
| £1G. 12. LGAD & DEFLECTION:- LOADING SECOND T

DEFLECTION |

AVERAGE DEFLECTIONS OF

o]

Photo 8

Wi et e

(snou) (M%) Gy IVAOE - -

’33288983‘;’

A View of Deflected Beam
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Photo 41 View showing the Cracks at the Centre of the
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Beam-on the’South
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4.6.6. Factor of safety. The first visible crack appeared
at 61 tons. Hence the flexural strength of concrete (which was
laid against the smooth surface of the diaphragm), would be

(61 - 46) 2240 x 888 :
i X 119800 = 410 1b per sq. in.

=1 =

The factor of safety against the first visible

_ 61.0-10.28
- 24.56

crack

= 2.0

From the graphs of load against deflection
apparent that the concrete must have actually (but invisibly)
cracked at a load of about 52 tons, i.e., at the cha

. nge of slope of
the deflection curves. Hence the true flexural strength of the
concrete

(Fig. 12), it is

(52-46) 2240x888 '
£ “IIx19s00 — 1501bpersq. in.

=

Hence the factor of safety against cracking = 522_41;',28
it
= 1.70

4.6.7. Crack patterns. After the first
deflection curve is not a straight line. st crack the load.

. As the
upwards the section modulus changes and cracks extend

. \ so do th i
Fig. 13 shows the cracks in the girder at various loﬁ(;ise.formatlons,

and produced tension in the vertica] direction d i
: ) ue to
Welght(.1 i&}?othgr e]xplana,tmn is that, as the cracks l?xtzzg
upwards, there 1s a large reduction in the effectj i
of the uncracked portion of the bo prasectional area

. i U-section. The prestress, howev
remains constant (or, if anything, slightly increases as e;. resu(lgt g;

deflection). The compressive stress in th i

) . e uncrackeq .

the section thqrefqre Increases rapidly and this results igo:ttlg:si?i
stress developing in the vertical direction, 'The intensity of this

tensile stress depends s .
concrete. P on the value of Poisson’s ratio for the
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Photo 6: Another View Showing Cracks on the South
Face of the Beam,

4.6.8. It is also interesting to note that tl;le (t}-,:vn:r:}ijz.‘;ﬂz
appea:n;d even after the girder had cracked at the e N nd
diaphragms. This points to the presence of an o iete At
between the wires and the grout and the soffit cone

section. -

4.69. The strains measured with SR4 gauges No. :h:nE(‘ii Nol. f
(Fig iO) were converted into stresses and are shown u}ﬂ e 6% b
The'corresponding stresses were found by .assummf bos - O ds
1b per 8q. in. The results are rather erratic though a e i -
these stresses nearly conform to calculated stres(sles.ocuraw i
measurements by SR4 gauges, though reliable and acour )
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laboratory conditions, are of Jimited Seope under varying ougdoor
weather conditions.  Phe readings of the othey SR4 ganges {viz.
those at 8, | Sy LN, Ne , S, Ne and 8,3 wera of & similar
pattern.

Measurements were baken til] the total foad was yi tons and
thereafter all Rauges were removed.

1610, The first erack at 61 tong could be observe
with a magnifying glass.  When easil
were observed the load was released

d only
Y visible cracks at 75 tons
and all eracks closed fully.

The load was again applied up to 96 tons

and released to 8OO
how these wide cracks closed, and all erucks ¢

losed remarkably.

Finally the load was applied up to 143 5 tong
deflected as much as about 10_ ine!ms.
large and it was dark by this time it waq
wan nearving failure.  Later when the
was found to be still elastic.

and the girder
As the deflections  were
thought. that the girder
load wag released the girder

4.6.11.  Three days later an attempt was made 1o break the
heam and the load was increased up to 158 tons with a deflection
of about 15 inches. A this stage one of the hydraulic jacks
slipped suddenly and the girder came b{wk n]mmt‘ t0 its normal
position.  The cracks, which were as wide ag H in, under this

load, all clogsed again. No further attempt way made to dvstmy
the girder,

4.7. How a prestressed concrete girder fails

471 A prestressed concrete structure fai
crushing of the concrete or by the tension fail
When the quantity of stee] is excessi
sion fails by crushing suddenly without
cracks. Such a failure wil] co
is not desirable. When the quantity of steel is v
tension failure in stee] will regult and thig happes
suddenly when there jg transference of load from concrete ip
tension to the steel. When g well balanced Quantity of gteel
is provided, the concrete  on  the tension side c}ackx and
large deformatioh takes place, thug giving good Warning.

ls either by the
ure of the gteel
in compres-
any tension
warning an|
CTy small, ,

47.2.  As cracks develop, the net area
decreases and thereby iNcreagey the
concrete up to crushing, These he
deformation. Ay the
causes a proportionate
result f this the perm

in tompression
fompressive  ggregg in
, lAVY eracks regyly in g large
load increages this farge deformation
NCTease in the gpraeq in steel. Ag a

anent set in the steel algq increagey and

DER
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DEsTRUOTION

Photo 7: Photo shows the slipping of Jacks when the
Load was Increased to 158 Tons; the Beam has
Regained its Original Position

thereby decreases the prestress and elastic properties of the
girder. When the steel stress is such that the permanent set
at that stress is equal to the elastic deformation at the working
stress, the whole prestress is lost and the beam behaves just
like any ordinary reinforced concrete structure. So the
characteristics of the stress-strain curve of the high tensile
steel play an important role in the ultimate strength of the
prestressed concrete structure.

The type of steel used on the Palar bridge has a

< 4,7.3.
The strain

low permanent set even near to the ultimate stress.
at the working stress is 0.42 per cent and the stress in steel to
have this (.42 per cent permanent set is above 97 tons per sq.

in. as determined in the laboratory.
) 4.7.4. To reach this 87 tons per sq. in. in the test girder
it should deflect roughly as calculated below :

The stress (i.e., prestress)

in steel without any load

is about 56 tons per 8q. in.
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The increage in stress, 97 D

6 = 41 tong per sq. in,
This giveg

a tota) elongation

41 x 2240 . .
= 30« 106 X 96 x 12 = 3.52 inches,
For this elongation the de

fAection of the girder would be :

\/ (96x 12 +‘3‘.52)é _(sm X 12)‘9‘,3 45 in

2 2 / )
But in attaining a deflection of 15
cracked up to the deck slal,.

In. the girdor actually
the large deflection of 45

. It is therefore likely to faj before
In. is reached,

The resisting moment, of concrete s

72 x 6 x 2/3 x 6000 x 56 = 96,768,000 in. b,

This is equivalent to m%%
% 88K

= 48.5 tong a4, each Joad-
Mg point ¢p 4 total

taken assuming

N concrete angd
10
also this 2/3 x 6000 3 'U5 X 2240 x g

2 x6

The resisting moment of steel at failure
X 56 = 105,369,600 i b, the ares of stee

cables being one 8q. inch and the ultimate
per sq. in.

From this ultimate resistin mome;nt, if we ¢
moments due to dead weight of the girder (vide bara ;(1211;; at]}:g
in situ deck slab, the moment dye .

t0 Super;
live loads at failure would pe : Perimposed doad and

= 105,369,600 - 15,400, 09 _ 5,78

5,000
= 84,184,600 in, |},

. . . : 84,184 600
This represents o load of 888 x 2240 tons op 42.3 ton at eacl,

points, or 4 total loaq of 170 tong, *
il at the lower of the two values

of the four loading

the girder woulq fa

Henee

viz., 170

* For the factor * ggg 866 para 4.4.3,

877
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' he
i load above 158 toms t
i ight increase of the L e
mmi{ Wl(ti}lld&gihignto the slab and reduce t;hef l:?sgfxl:ﬁy n;)(;mihe
g;a:orfc:‘:t];e so that the girder is expected to fai
crushing of concrete.

5. CONCLUSIONS

i 8868
5 In ordinary reinforced concrete, the me‘tl;::gstiar:tum
1 givo faie dication of the factor of safety o tho structure
l‘)vm'gwe::nl:e;:ed concrete this is not the.casae(.}h case; .
S;ftcatl; ggainst failure has to be determined in e

i f the prestressed

: wed that the design o r of

5.2. rrggr tg:?s i}:l(:aquate. The structure'gazea{an B:&cft:i]ure

concretefgzﬂb at first crack and more than Sle Siféty against
25&2{1;&@ the live load only. The factor o

failure considering all loads is :
158 + 42.57 = 20057 _ 2.60

4257 4 10.28 - 24.56 7741 -
(42.57 tons is the equivalent weight of U-beam and dec

l h or a a .0 for
i i © th&n alee. - ‘
I) t E;SEd cGnClEbB gpgaitiEi’ ’ Eh) i l

it ig i \nt that a
. i .7.1) it is important
ted out _(in para 4.7.1) arning of
ot ‘o, g S g sagl’ virng 7
: : owe )
:allurféadSle;i(aiclglliz lebs;a’txilha.sn half the ultimate strength of the
ons .

beam, the design fulfils this requirement,.

i led that there was no
i during the test revea O o
slip i5r;4t;he-0::?:l‘1‘:)‘;1:§:ss. This showed that the Magne

system of anchorages is effective.

ix i livé load, or 2.6 times
i load six times the ; ) times
e dead and v o e e strass was o the onder of 800
is stress ord
%acks "ea 'txhe squF pg:flit;l::yg reinforced concrete a similar beam
. per sq. in.

would have shown great distress due to shear. :,_b.! .
The conorete in the end blocks :Vl?wl(lii;:isb E:io];: tod bo
5'6.(:once‘:1tration of loading under the
severe

i M g l‘

load safely on the concrete. ‘

y rau 10]80 U, o V:

4
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of time and the failure of the SR4 clectrical strain ganges (para
3.8.8) and the optical extensometers (para 4.5.4.) to give accurate
readings when used outside the laboratory. It is recommended
that, if possible, such load tests should be made with weights
applied to the structure undertest either direetly or indirectly but
not through a hydraulic system.

For measuring strains in concrete it is suggested that metal
studs or bars buried in the concrete in sclected critical positions
should be used. The distance between marks on adjacent studs
may be measured before and after loading with an extensometer,
Metzgar gauge, or other similar instrument. This method should
give more reliable results than those obtained in this test.

5.8. While the test results, compared with theorctical expec-
tations, have demonstrated that the method of applying the
prestress and the anchorage system are efficient, the question
arises how far this prestressing force is permanent,

Other factors on which the durability of prestress depends are
the creop and shrinkage of the concrote and the relaxation of the
high tensile steel reinforcement. The major proportion of the
losses, for which an allowance of 15 per cent is usually made, is
due to shrinkage and creep of the concrecte. Research over the

past thirty years has provided sufficient confirmation of theory
in this regard.

As far as relaxation of the steel is concerned, this is a small
prggulortion of the total losses provided that the correct quality of
ateel at the recommended stresses is used. Measurements conduc-
ted on actual prestressed concrete structures confirm laboratory
results obtained by steel manufacturers and independent research
workers over a long period of years.

5.0  Prestressed concrete structures are oxpected to have a
longer life than reinforced conerete structures because of the
increased resistance to corrosion offered by crack-free concrete

5.10. The economy which results from the use of prestressed
concrete construction would be enhanced if the special materials

which are at present imported could be manufactured in this
country.

_ 5.11. The Authors wish to congratulate Me i
Engiveering Syndicate and theirg a8s0 o oriated

) ciate contractors, Messrs.
Rayalaseema Coustructions (licensees in India for the Magzglg-
?mzoq %ystemzifoll)‘ thteﬁr coi;xra.ge and enterprise in testing the very
irst girder made by them before a gatheri i

firet givder gathering of engineers from ail

————
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Appendix I

LIVE LOAD BENDING MOMENT (See para 2.2.4.)

i live load will occur when
i ding moment due to  when
Maxmlg;ncl;ggs Ag loading are placed on the spa‘xrl. :nt;t; the
oo la.nfe ih span midway between the centre of gravi gown ho
?enggea(;d tl?e 1x)wa.rest heavy load. This arrangement 18 8
oa

the sketch.

3
o . . .
, < 4 v “w
[ o -]
o T
i o w , O Q Q o
o0 8 o 0’ 1o [} Q g
00 o @ v 1 O Q (o] o
O O n ¥ ] 0 ‘w u
© }p o ‘nl (S st , o'
] ¢ +
t3}l '0,/' 41 14 ’ {e) 10
t b [
P 1
] ! '-4—“.03' L]
45-4p ——————"" 46‘5/’“
! R i
930 R
» l
Ra.

1,22,000 X 46.42 _ 59,600 1b
Rb = '»——/9'3"“’“
Maximum bending momeny occurs under the 15,000 1b load
nearest the centre and is equal to
50,600 X 46.42 - 15,000 (30 + 20 4 10):
= 18,07,000 it 1b.
The impsact factor for class A loading

16 - 38 _ 13 per cent
= 75 span length 2093 .

1
Bending moment for two lanes  18,07,000 X 2 X 113

= 40,83,000 {t Ib
- 108300 w12

including impact.

- Bending moment Per beam.
= 12,200,000 in 1b
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ORDER OF STRESSING
(See para 3.5)

——— 50’

APPENDIX II
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Bottom § pairs of cable
Bottom 8 pairs of cable
Top 8 pairs of cable
Top 8 pairs of cable
Top 8 pairs of cable
Top 8 pairs of cable
Bottom 8 pairs of cable
Bottom 8 pairs of cable
Top 8 pairs of cable
Bottom 8 Pairs of cable
Bottom 8 pairs of cable
Bottom 8 pairs of cable
Top 8 pairs of cable
Top 8 pairs of cable

e ——

»

IRBREARS

-

(-3

heickc =N
-] -

3

@

& &

e Y

e
Cne pair slipped and was re-tensioned af the end,

3

Top 8 pairs of cable, . ",Tb L e
Bottom 8 pairs of cable ~ T,

. ]
- ——4% =

o
N
-7\
-, 6 l9/32 S0 -
- V)E:xtensidn‘ (Lcad (]b,)l slip (in.) Phlﬂ } Minus
Oable No. | Pair No. (ins) |~ =
G e e S = A __1/16
o " iogs0 .18 Nt 171
B1. :1‘0% o g};‘%ﬁ B 10.023' s %/ig ': :;-: R 1 )
'{:83 - &1 ioo:%w B 1/ JE -~ 1/1

TL: »
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Cable No.| Pair No. E‘f?::‘)“ Load (Ib.)] 8lip (in.)| P Minus
TV
TO3 " 10,125 + 116
TLS » 10,000 . + 1/16
TO4 " 10,000 + 1/16
TL4 " 10,000 - + 1/16
BOS » 10,600 1/8 —~ 1/16
BLG » 10,250 + 1/18
BOS » 10,260 116
BL6 » 10000 .. 4 e
BO7 " 10,600 1/18
BL7 ”» 10,000 + 1/16
Bo8 » 10,250 1/16
BL8 » 10,250 118
_ S
B2. TOL 59/18 10,760 118 1 56
TL1 6 5/16 11,000 + b/16
T02 5 5/18 11,000 116 4 4/18
TLY 59/16 10,750 1/16 4 g1
TO3 66/18 10,760 + 5/18
TLS 59/18 11,000 14 4 5016
TO4 51/18 10,250 1/18
TL4 51/16 10,000 1/16
BOS 5 1/16 10,000 i/e —
BLB 51/18 10250 5-1//16 — 58,{16
Wires loat
lamdwich;
te d
BOS 51/16 10,260 /s L :‘;"}%“'
BL8 51/18 10,260 1/4 —~ 3/15
BOY 61/18 10,000 + 1/16
BLY 51/18 10,250 118 /
BOB 651/16 10,260 + 116
BL8 5 1/16 10,260 1/16
———————
B3. TO1 51/18 10,000 1/1
TL1 » 1085 T 1513
TO2 » 10,500 1/8 - 1/16
TL2 » 10,250 + 1/t6
TOS ) 10,000 1/8 . —
TLS » 10,126 / + 1/18 116
TO4 " 10,000 + 1/18
TL4 » 10,000 1/8 — 1/1¢#
BOG6 » 10,000 + 1/18
BL§ » los0 | | x;m
BO6 " lo2s0 . + 1/18
BLS ,, 10,000 + 118
e

. . -
* Pair TL4 slipped but was retensioned satisfactor

—_—

ily, o
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i Extension |y .4 lb.;(Sﬁp in)| Plas Minus
Cuble No.| Pair No. (ins.) Load ( )i
10500  1/16
L . w030 . +ijle
BOS8 ” 10,250 + 1 g
BLS - 10,500 + 13
—
8 10600  1/8 i
B T ’ l,/,l 10000 116
TO2 " 10,000 + 1/18
L2 ” 10000 .. - +1/16
, 10260 .. -+ 116
' ” 10,506 1)16 -
TO4 » 10,600  1/8 -
TL4 . 10000 ... + 1/16
10,125 . 416
B8 , 10000 ..  +16
BO6 » 1070 .. -+ 1/16
BLG - 10,135 + 1/16
10625 116
BoT ; o600 18
BoOB » 10760  1/18 .
BL8 » 10500  1/16
10,7560  1/8 ) —1/16
18- TL{ ° 1,{16 10,500 116
L2 » 10500 .. 4 116
%‘32 ” 10,250 + 116
10,250 .+ 118
TL8 ” 10,625 L rine
s ., 10500 .. -+ 116
;82 M 10,600 .  +1)6
0 o  +116
BLS , igfggo we  + 116
o . 10980 ...  + 116
208 . 10500 116 ...
14 — 3818
BLT . %8:% 1/16 .
BOT . 10,625 1/18
‘,;82 M 10500  1/16 .
0760 18 — 116
Te. ol s1/16 }1,000 18 —1/16
To1 ” 1080 .. 118
$3§ i 10,280 ..  +13/16
10760 116
TL8 n 10760 .. +1/18
Toe . 20600 .. + i/lg
T4 . 000 . 1
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Cable No.| Pair No. Ex(t].(:;s)i”n Load (lb.)l 8lip (in}| Plus 1 Minus

T6 Contd. BLG » 10,600 1/8 ~—1/16
BOB o 10,750 + 118
BL6 - 10,750 1/16
BO6 . 10,500 4 1/16
BLT " 10,600 1/4 — 8/16
BO7 o 10780 8/16 —2/18
BLS " 10,625 1/16
BOS 49/16 10,760 1/16

17, TL1 . B61/18 10,760 1/8 " — 1/16
TO1 " 10,750 3/16 - 1/8
TL2 » 10,600 1/16 )
TL2 » 10,250 . + 1/16
TLS " 10,500 + 1/16
ggs 1 . 10,600 1/16

4 " 10,500 M

104 ; .2 o 11
BL6 ” 10 60O . 1/1
BOB » 10,250 i 1&13
BL6 » 10,600 + 1/16
BO6 » 10,760 + 1/18
BL7 » 10,500 1/16 .
BO7 ; 10,500 . + 116
BLS8 » 10,250 + 1/16

T8, TL1 5 5/16 10,5C0 1/16
TOL 5 6/16 10,750 1%16 i 35{2
TL2 6 5/16 10,500 116+ 4/16
TO2 b 5/16 10,760 . + 5/16
TL3 56/16 " 10,750 18
TO8 6 816 10,750 1//16 i'g//ig
TL4 5 5/16 10,760 18+ 316
TO4 5 816 10,760 116  + 2/16
BLS 61/8 10,760 1/8
BOS . B1/16 , 10,760 1416 N
BL6 5.8/16 10,760 18+ 1/18
BO6 51/8 10,750 1/8
BLY 5.5/16 10,750 - 1/18
BOY 5.5/16 10:5()() 1516 '|+‘ :;ig
BL8 61/16 10,760 1/18
BO8 51/16 10,500 1/18

-
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Appendix Il

CALIBRATION OF JACKS AND GAUGES.
§0-Ton Jack No, R. 26 (Ram Area, 19.6 sq. in).

Aoi;nnl load from
Testing Machine

Gauge reading

(Prestressing gauge No. 1.
on Ram ares 5.9. 8q. in nsed
on the 14th and 1bth June
ezcept on the evening of
the 15th)

0.5 tons

1.0
1.5
2.0
2.5

30
3.6
4.0
4.6
6.0

6.6
8.0
6.6
790
75

8.0
8.6
9.0
9.5
100

11.0
12,0
18.0
14.0
1690

140
17.0
18,0
10.0
20,0

£1.0
220
28.0
24.0
250

No reading
No reading

800 1b

1100
1350

1700
2000
2260
2760
2900

3260
8500
3800
4000
4250

4600
4900
5260
5600
8760

6600
7000
7600
8250
8950

9500
10126
10760
11375
12000

12636
18280
18760
14876
16000

”

(corresponding to the working
load on 14th & 1Bsh Jnne)
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26.0 tons

27.0
28.0

10.0
12.0
140
16.0
18.0
200

22.0
24.0
26.0
28.0
80.0

83.0
340
86.0
88.0
40,0

42.0
44.0
46.0
480
50.0

18626
18250
16800

23
28
82
87
43
a7

61
67
63
70
74

80
86
92
97
102

108
114
119
124
130

b

"

»

tons

NamBiar & Raj onN

(gauge No. 6681546 ; load on
ram area 39.5 sq. inches
used towards the evening
of 15-6-62 and on 18-6-52)

(corresponding to total load
of 166 tons on 15-6-52)

(corresponding to total load
of 170 tong on 18-6-62)

50 Ton Jack No. R 27 (Ram area 19,6 sq. in.)

Actual load from
Testing Machine

Gauge reading

0.6 Tons

1.0
1.6
20
2.6

”

2

2”

No reading
876 1b

1000
1250
1500

1750
2125
2425
2760
8000.

{Prestressing gange No. 1.
Load on area 5.9 sq. {u. used
on the 14th and 15th June
oxoept on the evening

of the 15th)

5.8 Tous

6.0
8.6
7.0
7.6

80
8.5
9.0
9.6
10.0

11.0
12.0
18.0
14.0
16,0

16.0
170
18.0
19,0
20.0

21.0
220
28.0
24.0
25.0

26.0
26.0
28,0

30.0
820

840
86,0
88.0
40.0
420

44.0

489
500

8875
8625
4000
4250
4500

4750
5126
5500
5750
6000

6500
7260
7876
8500
9125

9876
105650
11126
11750
12500

18126
18760
14875
16100
15760

16000

69.8 tons

72.0
80.0
8.0

92.0
87.0

102.0.

108.0
114.0

120.0
124.0
180.0
186.0

”

”
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(Corresponding $o0 the work-
ing load on ld4tk and 16th
June).

(Gange No. 5681546—Iload on

Ram area 89.2 8q. in.ased
towards the evening of
16-6-52 and on 1846-53).
(Corresponding to ‘she total
load of 166 sons on 15-6-52).
(Corresponding 4o the total
load of 170 tons on 18-6-83).
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NamBiar & RaJ oN

100-Ton Jack No. t (Ram area 41.26 sq. in,)

Aoctual load from
Testing Machine

Gauge reading

(Prestreasing gauge No, 1
on Ram area 5.9 sq. in, used
on 16-6-62 except in the
evening)

0.5 Tons

1.0
16
2.0
2.6

8.0
3.5
4.0
4.6
5.0

5.6
6.0
65
7.0
7.6

8.0
8.6
9.0
9.6
10.0

11.0
12.0
18.0
14.0
15.0

16.0
17.0
18.0
19,0

20.0 Tous

21.0
220
28.0
24,0
250

”

»”

»

»

No reading

»

500
600
760

950
1126
1250
1460
1600

1750
1875
2000
2200
2260

2600
2650
2750
2850
8000

8200
3360
8600
8760
4125

4450
4700
5000
6260
6600

6850
6160
6400
6750
7060

(Gorresponding to the working
load on 15.6-52),

26.0 Tons

27.0
28.0
29.0
800

10.0
12.0
14.0
16.0
18.0
20.0

22.0
24.0
26.0
28.0
30.0

32.0
84.0
86.0
38.0
40.0

420
44.0
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7460 1b

7600
8000
8250
3500

23 Tons

26

62
66
63
72
76

80
82

1

(Gauge No. 5757009 on Rum
area 82,62 sq. in, used
towards the evening of
15.6-62 and on 18-6.52).

'

(Corresponding to total load
of 166 tons on 15-6 52).

100--Ton Jack No, 2 (Ram area 41.26 sq. in.)

Actual load from
‘Testing Machine

Gauge reading

(Prostressing gauge No. 1
Ram area 5.9 aq. in. used
on 15.6-562 except in the

evening)

0.6 Tons

10
1.6
2.0
2.6

8.0
3.5
4.0
4.5
5.0

6.6
8.0
6.5
70
7.8

No reading

260
876
500
626

760
900
1060
1250
1878

1500
1628
1750
1875
2000

b
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8.0
8.6
9.0
9.6
10.0

11.0
12.0
13.0
14.0
15.0

16.0
17.0
180
19.0
20.0

21.0
22.0
23.0
24.0
25.0
26.0

10.0
12.0
140
16.0
18.0
20.0

220
24.0
26.0
28.0
30.0

820
84.0
36.0
38.0
40.0

42.0
44.0
46.0

NamBIaR & Ras ox DEsTRUCTION TEST OF

2125 1b
2280 ,
2500 1"
2600 ,,
2750 ,,

8100 ,,
8500 ,,
8750 .,
4000 ,,
44375

4700
6000 ,,
5250 ,,
5625 ,,
5950 ,

6250 ,
6500 ,,
6750 .
%,
7450 ,,
770,

21 tons
25 ”
29
3258 ,
8
39

42 39
45
48.5 »
256
66

59 ,,
n .,
67
n o,
76 ”

9,
83
88. ,,

—)

PrEsTrRESSED GIrDER

(Corresponding to the working
load on 15-6-62;,

(Gange No, 5757009 on Ram
area 8252 sq. in., yused
towards the evening of
15-6-52 and on 18-6-53).

(Correspupding to total loud
of 166 tons on 15-8-52),

(Corresponding to total load
of 170 tous on 18-6-53),
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BRIDGING INDIA’S RIVERS

AN ACCOUNT OF

SOME OF THE BRIDGES
BUILT UNDER THE NATIONAL HIGHWAY SCHEME



FOREWORD

In December 1948, the Chief Engineers of the various
provinces and states of India met at Nagpur to consider ways
and means of planning future road development after the last
war. ‘The plan drawn up by them has become famous as the
Nagpur Plan and forms the basis of road development under the
Five Year Plan too.

To implement the Nagpur Plan, the Central Government
accepted responsibility, with effect from the 1st April 1947, for
the construction and maintenance of a provisional system . of
National Highways defined as ‘ main highways running through
the length and breadsh of India, cornecting ports, foreign high-
ways, capitals of Provinces and large States, and including roads
for strategic movements for the defence of India ™.

Although the alignment of these highways is still provisional,
new construction and improvement works on them have been
going on apace. One of the most important class of works done
on these highways has been the construction of bridges over big
rivers hitherto left unbridged on account of the large financial
commitments involved. Many such bridges have been built and
many more are under construction. .

For the information of the interested public and the profes-
gsion a series of articles on the bridges completed (or nearing
completion) on National Highways since 1947, under the National
Highway Sobeme, was published in the Transport-Communiea-
tions Monthly Review during 1952. These articles are now
published together in one place for easy reference. To make the
publication useful, the I. R. C. loading on which the design of
these bridges has been based is published for the first time.
(Plate I)

A list of the bridges described in the articles with their cost is
appended. The list is not comprehensive as many other bridges -
are still in progress or have recently been completed. Also the
articles do not desoribe many of the smaller bridges construocted
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during the last five years although these presented many interes-
ting professional problems.

The designs adopted for many of the bridges described aro
new to India and the foundation probloms met with in some casos
were as difficult as any that have been tackled in the past Detail-
ed descriptions of some of these problems and how tlley were
tackled have been published as Papers in the Journal and may
be referred to by those interested after reading this review.

List of Bridges Described.

(See Plate II)

Name. Length Cost
feet. (lakhs of Rupees)
1. Barakar Bridge. 607 29 6
2. Pennar Bridge. 2,426 256.0 (Esti
3. Kathjuri Bridge. 2,828 459 (Bstimate)
4, Cauvery Bridge. 2,634 25.9
5. Kuakhai Bridge. 1,696 23.2
6. Tansa Bridge. 345 4.3
7. Champavati Bridge. 1,033 13.2 (Esti
8. Taldanga Bridge. 317 3‘6 (hstlmate)
9. Kaljani Bridge. l 455 9.1
10 Raidak Bridge. 455 9.1
11. Gadadhar Bridge. | 200 4.0
12, Poonpoon Bridge. 315 97
13. Bakhra Bridge. 227 338
14. Kitchinia Bridge. . 416 5.7
15. South Pennar Bridge. } 568 4,0

BRIDGING INDIA’S RIVERS

Hints on Preparing

RECONNAISSANCE REPORTS ON BRIDGE SITES

During every road-engineer’s professional career it will pro-
bably fall to his lot on many occasions to carry out reconnaissance
surveys for bridge sites. The bigger and more important the
bridge, the higher will be the responsibility devolving upon the
reconnoitering officer, for on his reports will mainly depend the
final selection of the site. It is, therefore, important that the
engineer should have a good grasp of the fundamental factors
which help him arrive at correct decisions, It is the purpose of
this article to provide the engineer with an aide-memaoire on what
to look for and what to include in his report so as to make it
useful.

What is a Good Site?
2. The characteristics of an ideal site for a bridge are: -
(1) A straight reach of the river;

(2) Steady regimen of the river and absence of serious
whirls or cross currents ;

(3) A narrow and well defined channel ;

(4) Suitable high banks above high flood level on each
side ;

(6) Rock or other compact and fairly unerodable founda-
tions close to the bed level;
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(6) Secure and economical approaches which should not
be very high, long, orliable to flank attacks of the
river and its spills during floods; nor should the
approaches involve obstacles, e.g., hills, frequent
drainage ¢rossings, sacred places, graveyards, conges-
ted or built-up areas needing viaducts, or troublesomo
land acquisition ;

(7)  Reasonable proximity to a direct alignment of the road
to be served, i.e., avoidance of long detours ;

(8) Absence of sharp curves in the approaches ;

(9) If it is unavoidably necessary for the approaches of a
bridge to cross the spill-zone of a river, they should
while proceeding through the spill zone towards the
river, face downstream and not upstream. Facing
upstreams will cause heading up, pocket formation
and danger to the approaches ; ’

(10) Absence of costly training works and, where such
works are unavoidable, the possibility of executing
them largely in the dry ;

(t1) Avoidance of oxcessive construction work

tor under
W .

Tt is hardly necessary to mention that the * ideal >’ gito never
exists in reality. At cvery site, one or more of the ideal condi-
tions is tacking and the object of & reconnaissance (

N ““ recce ”’
short) is to select the least objectional site. for

3. In making this sclection, the relative importance to be
attached to any one factor may vary considerably according to
the nature of the bridging problem. The best compromise is a
matter of judgement but that judgement can only be applied after

careful study of relevant data. 1t is the business of the recce ’
officer to collect that data and to record it.

** Rejection”’ Precedes Selection

4. The officer deputed to reconnoitre for a bridge si
first study at home the largest available map ofrlgﬁ: 2:S&Sh0lﬁd
should tentatively fix the limits of the terrain within which 1 o
examination is to be conducted and make u tentative Selectio“s
on the map, of the sites and locations that seem to warrans ih:
spection. The best method of doing this is by a process gf
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““ rejoction ”’, i.e., by considering the topography of the reach of
the river as & whole and rejecting such stretches where the chances
of finding a suitable site for a bridge are negligible.

5. After eliminating unsuitable sites the ‘‘ Recce’ Officer
should concentrate upon the remainder, giving prior attention
to the ¢ probable’ site nearest to the line along which, other
things heing favourable, the proposed road would run.

6. Having decided the site or sites to which reconnaissance
activities should be directed, the Recce Officer should calculate
the catchment areas at the probable sites from maps in his
possession and get together any other information readily
available with him about flood levels, discharges, waterways,
etc., relating to the sites and to any bridges on the same river
in the vicinity.

7. He should also take steps to collect meteorological
information like annual rainfall and seasonal distribution, storm
data, direction of prevailing and strongest winds, range of
tomperature (seasonal and daily), and humidity conditions,

If there are existing road or railway bridges not very far
upstream or downstream of the site he is to examine, he should
write and ask for particulars of these bridges.

Field work

8. Now the Recce Officer is ready to start his field work.
His party should include, if possible, the officer who is to be
responsible for carrying out the subsequent detailed investigation
and preparation of the project. '

9. Equipment :—The equipment which the party will need

"during field work includes—

(1) Tapes and survey chains with plenty of arrows ;

(2) Half a dozen bamboo poles, each shod with steel,
marked iin black and white for feet, and oarrying
flags at’ the top ;

(3) A clinometer or Abney level ;

(4) A dumpy level with staff or, alternatively, a straight
.- edge, and an ordinary magon’s level ;

(56) A -;;risrhbﬁo‘ dompaae'or’kax'tint‘;“’ -
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(6) A stop watch or, in its absence, an ordinary watch
with a second-hand ; ’

(7) A crowbar and a one-inch diameter steel rod, about
12 ft long, with one end pointed, and a sledge hammer :

(8) Pegs and mallets,

10. Data to be Collected. The field examination of the
aite should be rapid but sufficiently thorough to enable the officer
to include in his reconnaissance report all the information
indicated in the following paragraphs—or at least, most of this
information.

11. Preliminaries. The officer should first write down the
following :

(1) Na.m.e‘of the river he is to examine, of the highway
requiring the bridge, and the milage of the probable

bridge site from the nearest town or identifiable
village.

(2) The name of the State and the District;

(8) Map reference of the crossing point or the a i
latitude and longitude scaleable from m&PBI:PYOXIma.te

(4) Location of the nearest G. T. S. Bench Marks with
their levels ;

(5) Nature of the river (perennial, tidal, snow-fed, or
rain-fed, etc.). In the case of perennial rivers, indicate
low water level and its greatest depth. Y

(6) Description (with dimensioned sketch showing founda-
tions) of any existing bridge or causeway over the

same river in the vicinity, giving reason if the work
is unsatisfactory.

(a) For an existing canseway, indioate the maxi
0 ! mum depth
submersion, the beight of the lowest point on the’ oanl:ow:;

above the loweat bed level, ventage if
duration of interraptions to traic. ge if any, frequency aund

(b} For an existing bridge, give the known o}
low water level, lowest bed level, and H. ;.ezl"an;:: a:l;ﬂmmtl::

has been caused b
partionlars, Yy soour or flank attacks on approaches, give

() When abridge is to replacea causeway and is sited close to it,

other things being equal, 'a si
s generalty te bo;re(f]::re’d? 8ite upstream of the causeway

e |
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(d) If the proposed bridge is to be near another existing !?ridge
on the same river, the piors of one should not cause difficul-
ties for the piers of the nther by giving rise to cross currents
ar soour,

He should accompany this preliminary note with a sketch
showing on the sketch itself the information listed above. He
should also show the north point and the direction of flow of all

streams. (See para. 21 below). )L \
Vo ey veo R
12. Hydraulic Data. The following hydraulic data should
be collected :— , Yy o

Y

(1) Catchment—(a) A traced index map showing the catch-
ment ares (suitable scale 1in. to a mile or smaller)
indicating, if possible, rough boundaries of hilly coun-
try, plains, forest, cultivated or barren land, ete. and
the general nature of the soil in the area.

(b) The worked-out catchment area in square miles
from lin. or } in. G. T. S. maps at (roughly)
the site envisaged for the new crossing.

(2) H.F.L.—(a) High floods generally leave water-marks
on tree trunks and these are visible for a number of
years after the floods. The marks consist of rings of
silt (with or without twigs sticking to them) around
the trunks of trees. Carefully examine old trees and
look for these marks.

(b) Also ascertain by local enquiry (by individual,
and not colleotive, interrogation of old inhabi-
tants) the points on the ground (or on trees or
structures) scattered over a wide area, that has
been reached by the highest flood level in living
memory. Show these points on sketch plana
and cross-sections, not necessarily to soale.
Then link the levels of all these points to a
common datum. Where there is 8 considerable
difference in the levels reported by the local
people, a difference that o
by afflux ecalculations,
the matter out and the

(3) Velocities and Discharg 2 ’
available from local enqpiny /s regards veloc
flow, slopes of bed or’ safface, and flo
debris. ‘ S
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(a) 1f thowo is o nourby oxisting caiseway, tho extent of the
afffux cansed by it shovld bo ascortainod, if possible. Rough
dischargo fizuros can ofton be vstimnted from this data.

by I tho reconnaissance is done while the river is carrying an
apprecinble discharge, the time takon by a log thrown into
the contre of the stream to Hoat dewn u measured distunes

gives a rough indication of the velocity at that level whick
should be stated.

(o) 1f constants of any of the oatchment and discharge fore

mulao are known for $he area, give figures for discharge based
on these,

Siting: Prepare a sketch map, not necessarily to scale,
showing the position of the sites examined and assess
the advantages and disadvantages of each sitc and

give. reasoned preferences for the sites in the order of
merit. '

Detailed Examination

Sites not definitely rejected must all be examined and

assessod for their morits. If any one site is unmistakably
superior to the others, detailed examination may be confined to
that site only.

Classify information as below :—

(D

Give a sketch, preferably to mcale, of the oross-section of s
. 2 the
at the site considered. A dumpy Jevel can be used for this b;;v:zll‘

- ““recce " Work it is preferable to use an Abney level or g clinometer

~ information ocan be obtained by eye observation alone

(21

)

)

«r even a ghat-tracer. Even without these instruments, much useful
! with the hel
of marked hamboo poles, a tape, and a mason's level, Cross-seotli):ng

t(:an\r be roughly gauged from temporary siting-flags ereoted on each
ank.

Mention whether the reach is straight or curved ; give the length of

the “straight™ and the approximate position i
« gtraight ”. P P of the site on the

Show in the sketoh all tributary streams entering the ri ithi
. . e
a reasopable distance (say 6 to 10 times the Widt%l of t;‘]lver thin
stream of the site being examined.
of these tributaries as ascertained fr

A e river) np-
Give the approximate dischargo
om the catohment area map,

Ascertain, if possible, the depth of the dee
H. F. L. and mention whether the hole j
against a hard bank obstruction,
whirlpool.

pest seour hole betow
8 in the normal channel,
at & ourve, or “local ,” caused by a

In wide, meandering alluvial rivers, ind

stable banks, the position and widtha of dicate the width between

nodes ”, i,e,, the points ab

15.
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which the stable banks come closest to each vther, and the width
and depth of the channe! during “dry ” weathor, ordinary floods, aud
high flonds.  Also indicate roughly the radii of tho larger meanders
taken from the map.

Show in the sketch plan the conditions of the approaches for 1000 ft
on each side of the site being examined and sketch in the alignment
of the proposed approaph road, Run aline of levels with an Abney
Jovel, olinomoter, dumpy level, or by boning rods to eye moasurement,
along this alignment and use & compass 40 show roughly tho tangonts
of curves,

Bed Material and Foundation :—Indicate on the cross-

section the bed material on the surface, and also a little below it
as ascertained by probing with an iron rod, and say whether the
bed is fairly homogeneous.

(1)
(2)

(3)

(4)

(6)

If rock is exposed in the bed, indicate its position.

In the case of sand, record whether it is quartzy, very
micacious, very coarse, coarse-medium, fine, or very
fine.

In the case of clay, record whether it is sticky, stiff,
loamy, loose, or soft.

In the case of boulders, record whether they are large
or small, angular or rounded, and give their approxi-
mate sizZe.

Note —State also the nature of the soil surface in the
approaches.

Then, probe deeper into the (dry) bed of the river with
a steel bar (1 in. diameter is usually enough), using a
sledge hammer and note the movement per blow, or
the number of blows per foot sinkage. If the bed
material alters within the range of the bar (12 ft length
is convenient), the fact can usually be recognized and
sometimes samples remain attached to the point of the
bar. Aim at finding rock.

16. Banks:—State whether the material of t.l;e I\)‘anks is

rdck, clay, loam, very sandy soil, or pure sand, etc.

1f any rock projects from a bank into the river in such a

manner as to deflect the current or cause serious whirls, give its
positian..
poaition.

If any bank is seriously eroded, or wmilted, indicate the



404

Bripcing Inpia’s Rivess

17. Supplies of Materials :—State what building materials
can be made available, their quantity if limited, quality, source
of supply, distance and means of communication, and methods of

transport.

Specially mention the following :—

(1)
2
®3)
(4)
(6)
(6)

(7
(8)

earth for embankments ;

puddle elay ;

building stone, hard filling, pitching stone ;
stone suitable for concrete aggregate ;
bricks, brick-clay for local manufacture ;

lime ; especially mention kankar lime, if available
and its quality : ,

sand ;

timber.

18. Labour, Staff, Arnenities. Classify th ; .
mation as follows :— Y the required infor-

4y

(2)

3)

(4)

- (B)

19.

Skilled or unskilled labour ; available locally or
imported and if to be imported, from where ;y or o be

Existing facilities for housing labour and &

close to thq site of work; need for buil?liax;ﬁg ifl:ﬁ‘
&ccomn}Od&thll. Mention building facilities especiall
what kind of roofing can be provided. ’ y

Nearest village or market from which supplj
obtained ; pplies can be

Healthiness of the site; quality and i .
ing water supply ; y quantity of drink-

Any special services obtainable. e i iliti

. , €.8., medioal facil
pxped_ Yva,ter supply, post and telegraph oﬂic?al u:?lii
electricity for domestic or power use (state A C

D. C., voltage, phases, frequency). e

Writing the Report. The report should be brief and to

the point but must not omit anything relovant. Clear, brief, and
. ’
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orisp reports, accompanied by sketch maps, give a far better
picture than do long narratives :

(1) The Recce Officer will have to apply a broad vision and

@)

(3

(4)

(6)

(6)

(7

commonsense to the problem taken as a whole.

If only one site is predominently superior to all others,
the Recce Officer should recommend that any subse-
quent investigations be confined to that site only.

If several sites merit consideration, he should give his
own order of their respective merits.

In either case he should recommend the scope of the
subsequent detailed investigations and surveys needed
to obtain the full data required for the design of the
bridge.

The scope of the detailed investigation may vary from
a very brief local survey for determining locations,
reduced levels, and sections in the simpler cases, to
fairly comprehensive investigation of topographical,
hydrological, and geological data including exploratory
borings of the subsoil, in the more complicated cases.

For economy as well as speed it is necessary that the
scope should be limited to actual requirements and
intelligently drawn up reconnaissance reports are a
great help in this,

Sketches. The most important part of the Report
should be the sketches. ‘These should give not only
information about the site under consideration but
of the

(i) configuration of the river and its tributaries, for a
distance of from five to ten times its width, up-
stream and downstream of the site ;

(ii) rough levels upstream and downstream of the
whole length shown in the sketch ;

(iii) alignment and levels of the approaches to each site ;

(iv) position of nallahs, hills, tanks, lakes, temples,

. and all obstructions that. would lie in the way of
locating alternative approach roads to the site.
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Points the Recce officer should remember.

(1) Hec is concerned with selecting the best possible
bridge site but this does NOT always mean the
place where the cheapest bridge can be buils,
The best site is generally the onc where the
cheapest bridge with its approaches can be
built.

(i) He must think of the road and avoid long diver-
sions if possible. i

(iii) He must also think of the road needs of the traffic

that is going to use the road for the next thousand
years and avoid sharp curves, steep gradients,
blind approaches etc.

(iv) He must also think of the origin and destina-

tion of traffic that will cross the river after the
bridge is built and locate his site as far as possible
to suit the needs of present, and more- important
future needs of traffic. ‘ ’

(v) But he must not be influenced in his decision by
local vested interests either in land, or in traffic.

(vi) In brief, the recce officer is to select the best gite,

not only the best site technically, but the best site
having in view the long-term prosperity of the

country. The recce officer has a difficult and
important task to perform.

20. Mistakes. It may help the recce officer in his work and
in writing his report to think of mistakes that have been made in
the past by some of his predecessors. A.few of the worst mistakes
are listed below :— ,

(1)

(2)

Bridge sited immediately downstream of o junction of

two big rivers. [This mistake comes of looking only at
o site and not upstream.] ‘

Bridge undermined after construction owing to
regression of soft rock in the river bed. [This mistake
comes through the recce and survey officers not looking
immediately downstream where there were a series of

waterfalls rapidly travelling up the soft-rock bed of a
river,]
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(3) The designs of two bridges were interchanged and each
was built over the stream for which the other was
intended. {This extraordinary mistake occurred
because the recce and survey officers did not take
enough trouble to show the exact sites of the bridges
on their plans with reference to neighbouring villages,
the streams themselves, and the approaches. The
construction officer, of course, also acted without
intelligence.]

(4) Site involving deep foundations selected when there
was a site with rock at no great depth only 700 ft
downstream. [This mistake would not have occurred
had the recce officer sketched the course of the river
downstream because there were surface indications
(configuration of the banks and rocks on the banks on
cach side) that indicated the probable presence of rock
at no great depth below the bed.]

() Bridge much longer than necessary was built. [This
mistake occurred because the recce officer did not
notice that the wide spread of the river from bank to
bank at the selected site was due to the presence of an
old causeway which had frequently been outflanked
and extended in the past. Half a mile upstream and
half a mile downstream the river had accepted a
much narrower bed.}

(6) Afflux caused by guide banks flooded some villages.
[This mistake occurred because the recce, survey, and
construction officers did not calculate probable affluxes
and did not examine the levels of the country in the
immediate neighbourhood of the site.]

(7) More money was spent on the approaches to a bridge
than on the bridge itself. Had the bridge been built
200 ft upstream, the total cost would have been
halved.

The mistakes quoted are mistakes that have actually oceurred
in the past. The list could be made much longer. In nearly
every case the mistake arose because, first the recce officer and
then the survey and construction officers, had their noses glued
to a particular site and neither looked upstream nor downstream,
nor did they look to the right or the left hand approaches to the
bridge. They were obsessed with a particular BRIDGE SITE,
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. 21. :.l‘his article is headed ‘‘ Recon
Brldge“ Sltes,:’. Lot the recce officer observe the plural in the
word sites ”’ and look upstream and downstream of the river
and to his right and left on the banks. Let him then make
sketches of what he sees, putting in names of villages, a north

point, direction of flow of his river, sketches of hj
] , ills and nallahs,
Eag;ﬁlﬁ; and graveyards, in fact of obstructions o&f ullllsicindﬂ-

naissance Reports on

(1) Use his eyes, and

(2) Record what his oyes have seen.

1. THE BARAKAR BRIDGE

Nearly exactly two hundred and fifty miles from Calcutta,
the Grand Trunk Road (National Highway No. 2) crosses the
Barakar river in Bihar over a brand new bridge which came into
1se only last year. Travelling over it the motorist will be temp-
tpd to stop and get to have a close look at this imposing concrete
%ructure. Outwardly there will not be much to see of the intri-
fsate pattern of mighty steel rods that have been woven into the
‘hard concrete to form the graceful superstructure that is so plea-
sing to the eye. He may, however, possibly feel that the approa-
thes are on very high embankments and that the piers are high
and lanky and rather thinner than usual.

If he enquires he will learn the reason why—a few years
lerice, he will be told, the road and the bridge will be in the mid-
dle of alake which will flood the surrounding country when a dam
under construction a few miles away is completed. Then the
piers will show only a few feet above the lake waters. When this
happens it will be worth the motorist’s while to go again and
stand on the bridge in the middle of the lake.

The new bridge lies between the ruins of two old bridges.
A few hundred feet downstream stand the remains of the
abutments of a masonry bridge—9 arches’ of 50 ft-—which col-
lapsed at the age of 71-years in 1911 afterja week of incessant
rain which brought
an ‘‘ unprecedented ’’
flood (H.F.L. 1212.7
ft),

A screw-pile bridge
(5 spans of 105 ft)
was built in 1914 just
before the first World
War. History repeated

1946 when a wet week
culminated in 10
inches of rain in one
day and another ‘‘un-
precedented >’ flood
(H.F.L. 1216.3 ft this
time), accompanied
by a cyclonic wind.
Three out of the five
spans disappeared
overnight. Two spans
are still there.

&
R Fhare. £

Remains of a collapsed abutment.
8

itself in September



410

THE BARAKAR BRIDGE

Briparve INpia’s Rivens

B. B. & Jessop Const. Co., Ltd.]

In the background the remaining

[Photo :

A view of the completed bridge.

two spans of the screw-pile bridge are still seen,
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The new bridge is of the cantilever-cum-suspended span type
in reinforced concrete designed to the specifications of the Indian
Roads Congress for 2 lanes of Class A loading and, alternatively,
one lane of Class AA loading. This particular type of span
was adopted as it does away with the possibility of unknown
stresses oceurring on account of slight movements of the supports.
Moreover, materials required for this type of construction
were easily available for this bridge within economical distances.

The main dimensions of the bridge are :

Overall length face +to face of abutments, 607 ft;
distance apart of centres of piers, 92 ft; height of
pier shafts from plinth level to bearing seat, 44 ft; width of pier
shaft, 5 {t ; length of pier shaft, 28 ft 4 in. ; width of roadway, 24
ft : maximum depth of main girders, 10 ft at piers; minimum
depth of main girders and suspended span at the centre of the
span, 4 {t; present maximum high flood level, 1219. 56 ; new high
water level after the Tilaya Dam is built, 1230.00 (this accounts
for the extra height—10 ft 6 in.—of the piers); catchment area
above the bridge site, 276 sq. miles.

Costs

The bridge has cost Rs 1,62,000 for foundations,
Rs 4,88,700 for substructure, and Rs 4,59,500 for superstruc-
ture. The approaches
(embankment and
gshore spans) have
cost Rs 17,86,000.
The earthwork was
done entirely by ma-
nual labour. As a
measure of economy
eleven shore spans
(six arches of 46 ft
gpan on the Calcutta
side and five on the
Delhi side) were intro-
duced on either side
of the main bridge
where the lake waters
will be deep.

The total cost of
the bridge was Rs
29,862,205 which works
out to Rs 1,753 per
running foot, leaving A portion of the Screw-pile bridge
out the cost of the
approaches, or Rs 73 per sq. ft. of the roadway.
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Cellular Construction.—With the exception of the suspend-
ed span, the entire bridge, i.c., piers, abutments, and superstruc-
ture are built in
cellular construction.
The picr shaft which
looks solid is, in
reality, a 3-cell verti-
cal cantilever beam
with high-grade con-
crete walls only 8
in thick, reinforccd
with vertical bars,
one inch square, at
14} in. centres. For
stability the hollow
cells are plugged with
plum  concrete to
various heights to
suit design require-
ments. Because of
the great  height
exposed to the water
Calcutta side span under construction. current, the piers

_ o have been made very
slim  so as to offer the minimum obstruction to the flood waters.

The abutment walls vary from 8 in. to 17 in. in thickness,
The abutment cells were plugged solid with sand.

Very careful calculations were made in the case of the piers
and abutments for ¢ silo” stresses which might be caused by
the bursting action of the wet concrete or granular sand plugs.

One abutment and two piers were constructed with open
foundations, the other foundations being designed for cofferdam
construction. Taking advantage of the lessons of the two pre-
vious bridge failures, the designers took all foundations down to

solid, hard rock. Up to plinth level the foundations are in rein-
forced mass concrete.

puperstructure —The main spans are fully cellular, the top
slab being 9 in. thick (with 3 in. extra wearir’lg coat)
the bottom slab 5 in. to 8 in. thick and the four webs
9 in. to 15 in. thick with diaphragms so arranged
that the whole span acts as one large beam. The gross steel area
near the centre of the span is 135 square inches and the design

provides for the shearto be taken either by the concrete alone or
by the web reinforecement alone. '

The expansion bearings of the main spans consist of a row of

four Mehanite high duty cast iron bearings of . )
developed for this bridge. gs of a desgin specially
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CROSS SECTION OF THE MAIN SPAN
—— AT _PIER SUPPORT ——

The suspended span (25 ft) is non-cellular, dosigne.d as 4
standard, straight for-
ward beam, the only
special featuve being

" its ctosely machined,
pressure lubricated,
phosph()r-bronzg-plate
expansion bearings.

The railing is pre-
cast with a few main
uprights  monolithic
with the slab.

Lifting  Shutter-
ing.— The pier shafts
were constructed by
means of specially
designed lifting shut-
tering operated inside
guide frames. Tf rapid-

A view of e matn centrins. R L Y
building of the shafts would have been one continuous pour from
the plinth to the bearings.

The shuttering for the main span was supported on specially
designed steel framing and centring adjustable for the varying
levels of the river bank.



2. THE PENNAR BRIDGE

Recently a Frenchman who had lived in Calentta for about
five years asked us when it would be possible for motorists to
drive down from Calcutta to Madras. The questioner had in mind
the numerous unbridged rivers between these two cities. We
have counted on a map these obstruetions to motor traffic and
find that the two new bridges over the Kathjuri and the Kuakhai
on this highway hardly touch the fringe of the problem. There
are still another eleven major rivers left unbridged. The Pennar
is one of these and work on a bridge across this river is now in
progress.

The need for all these bridges is self-evident ; the only ques-
tion is of priorities. Many considerations go to decide this gques-
tion, the main being the volume of traffic on any particular
section of the highway, and the cost of providing a river
crossing.

In this particular case the traffic across the river is catered
for by a weir-cum-causeway over the Pennar. Traffic here iq,heavy
as this causeway is the only link between the two hexwily‘ opu-
lated parts of the Nellore district. The river divides this fper[t)ile
deltaic district into two almost equal halves and the main mn.rkct;
towns are on opposite sides of the river.

A Death Trap

Traftic over the weir is, however, uns: o
likelihood of some flow over it. Inteprupt?gff; ta(;ﬂt:;lgg 11: (Lfl\Yays a;
and traffic ma,y_be held up on 30 to 90 days in a yem: eT’]'“I“e“
sence of the weir-causeway therefore became worse tha o e
crossing at all, for it had lured many a traveller to !Li:md;z;?lr

Under these circumstances the Madras G
ik i oy 40 S ebe overnment gave o very

The site and the span length were
_ ! al :
stances for the designers who were not )eftn\;'(i):}tl
As would be expected, for many miles upstream

river is very wide, Three furlongs . )
railway bridge and the irrig ngs below the weir there is a

another bridge being I?llt up bzgvoer:anet?hil;eeé:odvg {:()t t’Lrgree to
course open to the highway engineers was to buil:i ﬂd. he only
ofkthc railway bridge and as near o it as possibl ownstream
take advantago of the existing river training works. - Fusthor.
t ) way engineers insisted that the road brid : ,
e so sited that no cross-c idge piers should

. ‘ urrents were set up het
bridges. Consequently, each pier of the highvsa.;eel;;iggz :VV;Z

fixed by circum-
much discretion.
of the weir, the
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located exactly in
line with the cor-
responding pier of
the existing railway
bridge. Both brid-
ges have the same
number of spans
and the same len-
gth between abut-
ments. The highway
bridge is sited 300 ft
below the railway
bridge.

As most of the
piers are founded
on clay, reinforc-
ed concrete T-beam
design with sim-
ply supported free
ends was adoptd for

View from the Madras side Abutment the super:%tructure.
Commencing from

Railway Bridge is seen on the left. the south side the

_ bridge has 23 spans
of 71 ft and 10 spans of 61 ft each (clear). The first 21 piers
have well foundations, but in the two abutments and the last
11 piers open foundations were adoptcd as laterite rock was
found at a depth of 3 to 5 ft below the bed in most of these cases.
The bridge is designed for two lanes of I.R.C. Class A loading.

The main dimensions of the bridge are :

Overall length face to face of abutments, 2,426 ft; distance
apart of centres of piers: 23 spans, 77 ft and 10 spans, 66 ft;

4
12 00

—— iaaas Ty { b d ; N0AD_LEVEL 68
AN e ”B“ﬁ P e e L e ﬁ..ﬁ*m
1 .

3 as 25 3N l
(L1 e !

L) 1
oF TI FEET *—“—"l"“—"’ seans or eireet—

LONGITUDINAL \

13
- 28 SPANS

*._

width of pier shaft, 6 ft in the longer spans and 5 ft in the
shorter spans; length of pier shaft in plan 33 ft for
longer spans and 32 ft for shorter spans; width-of carriage-
way, 22 ft with two 5-ft footpaths; T-beam web 81in. by 21 in.
(62 in. by 20 in. in the shorters spans), deck slabthickness, 8} in.;
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hi;?'h fiood level, 38.00 (assumed the same s that at the railway
'h'ndgu) s ree-board, 5 16 over high flood level to the hottom of the
P-beam ot the centre of the span: maximum discharge, 6,63 548
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cusecs observed on the Gth Decer ;
i > bt 2mber 1€ . s Welr
ment area is 5000 R(. m.les. 1946 ot the weir. “The vateh-

Costs

The bridge, work on whicl ix i

. 86y el is i proagress. s ox et .
Rs 8,23,000 for the foundations, Rs 2I$)5é70(,\,f(lf (}.\l)e(,t.ul to cost
and Rx 1077 000 far s w the substructure

the superstructure.  The i
cost about Rs 2,00,000, The total (-,(mt.lr(()% ﬂl(‘h("d }‘)]'l“'(‘);whf‘s “Tl”
to he about Rs 25,00,000. ok i estimated

annd ;l)i“e:q“gsfet‘;d tmtfe P(‘/l'iline‘«ll foot is estimated to Le Rs 910.5
S > foot of roandway exclud; L oo
including  footpaths Re 2(8.‘;.l) exeluding foot-puthe Ity 41.4 and

Foundations

) M g . )
Pier Nos. 1 to 21 where the suly

wells with three separat. tratum is clay are founded on

wells ' eac i i
Is under cach pier. Lach woll is
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square in shape (7
ft by 7 ft inside)
with rounded cor-
ners. The steining
walls, in 1 : 3 :6ce-
ment concrete are
2 ft to 2'5 {t thick
with  bond rods
and plate tiesx. The
wells are plugged
at the bottom with
6-ft deep cement
concrete plugs (1 :
2:4) filled with
well-rammed sand,
and sealed at the
top with 2-ft thick
plugs of 1:3:06
cement  concrete.
The pressure under
Reinforcement for Well Cap (Pier No. 1) the well founda-
tions is calculated
to be 7. 3 tons per sq. ft. A 15 in. thick continuous capping
slab of reinforeed concrete is laid over the top of the three wells.
The remaining 11 piers and the two abutments, under which
there is laterite rock, are founded on mass cement concrete
(1 :3:6) carried into rock to a suitable depth (varying from one
foot to two feet).

The piers and abutments, originally intended to be of coursed
rubble masonry in | : 5 cement mortar, have actually been built
in mass concrete (1:3:6). The piers will be capped with
reinforced conerete slabs, 18 in. thick, which serve also as bed
blocks under the T-beams,

Superstructure

The superstructure is very simple in design and consists of
four T-beams with a 8l-in. deck slab and a 3-in. wearing surface
(1: 14 :3). The footpaths, raised 2 in. above the level of the road
crown, have been designed hollow to save on dead load and to

accommodate the services.

The reinforced concrete handrail will stand 24 fv high above
the footpath.

Bearings

Quotations were invited for roller and rocker bearings and it
was found that such hearings under all the 132 beams would cost
no less than Rs 2,50,000 that is, almost 20 per cent of the
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cost of the superstrncture. The design was modified to provide
sliding plate bearings at the expansion ends and concroete necks at
the stationary ends.

Expansion Joints

For a range of temperature of 60 deg. F. and a coefficient of
expansion for rein-
forced concrete of
0.0000065 gaps of
1 in. are to be pro-
vided between
consgecutive spans.

Execution
Before commence-
ment, work totalling
about Rs 20,00,000
was put to tender
and the bids which
came inranged from
Rs 24,60,000 to Rs
41,30,000. As even
the lowest tender
{20.1 per cent above
the estimate) was
outside the permis-
sible margin of 10
per cent, work was
taken in hand de-
Partmentally.
Later on, well foundation work was given out on contract at
12.3 per cent above the estimated rates. Open foundations have
been completed departmentally.

Recentl)f tenders.were again invited for the superstructure
work and bids ranging from 12.2 to 33.3 per cent above the

estimates were received. The work has been let out to the lowest
bidder.

This experience has shown that though direct working may
not always be as economical as work done on contract, readi-

ness to execute works departmentally helps t -
tractor’s bids down, y pe to keep the con

Well sinking in Progress,

Present stage of the construction

According to the latest reports, the two abutments and all
the piers in the shorter spans have been completed. In the longer
spans, well foundations have been completed under six i%rs
and are in progress under other piers. Supetstructurephas
not yet started. The work which commenced in February 1950

is progressing according to schedule and j
platedin Turs Ty 1s expected to be com-

3. THE KATHJURI BRIDGE

The river Mahanadi traverses very hilly country througl}out
the upper part of its catchment of more than 50,000 square miles.
Immediately after it debouches into the plains through narrow
(2,800 ft wide, gorge at Naraj,it bifurcates into two arms called
the Mahanadi and the Kathjuri. Further down each of these arms,
in- its turn, bifurcates and throws out two more arms, the Birupa
and the Kuakhai, and all these arms branch out again and again
to form the Mahanadi delta.

Cuttack, the ‘“old *’ capital of Orissa, is situated at the head
of the delta between the first named arms of the river, the
Mahanadi and the Kathjuri. During the monsoon, when the
rivers on each side of the town are in flood, direct road communi-
cations used to be cut off from all sides and access was obtained
by rail or power ferry.

To-day the Kathjuri arm is bridged and a temporary roadway
is available for seven months in the year under thc anicut on the
Mahanadi arm of the river. These improvements have been
carried out with National Highway funds. .

Looking at the map it is easy to visualise the Mahanadi as &
huge monster, with its weak and powerless victim, Cuttack, in its
Jaws. A constant struggle has been going on between the two for
centuries. Although it is impossible to extricate the victim entirely,
engineers have managed to keep it alive. Bunds, dams, and
dykes prevent the monster from closing its jaws and swallowing
up the victim, and two lifelines have been thrown in to keep it
going and rescue it gradually.

Onue such lifeline is the railway built at the end of the last
century. The road was there even before the railway, but recently
two large bridges have been built to make the roadway to the
south over the Kathjuri and the Kuakhai effective as a lifeline.
These bridges have enabled the State to start life afresh with its
“ new ”’ capital at Bhubaneshwar.

Cuttack, from all accounts, has perhaps the worst crowded
‘“ bustee ', of all the State capitals in India. Hedged in by the
river, it has no room to expand. Always menaced by floods, the
people and the Government might well hesitate to build for the
future. Large parts of the town are as much as 14 ft below the flood
level of the river. It is not surprising that the place is congested,
badly built, unhealthy, and malarious. But with all its defeots
it is a large town and will be there for a long time to come,
It must have communications with the outer world,
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et

(A view of the completed Bridge).
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Four Bridges

To achicve this purpose at least four bridges will be required
on the four branches of the river. The Kathjuri and Kuakhai
bridges have been built first to link up the new and the old
capitals.

The Kathjuribridge is sited 800 ft downstream of the railway
bridge. This site was selected so that the road should not have
to cross the railway track twice and so that the approaches should -
run outside the congested part of the town and at the same time
avoid the unstable bank area upstream of the railway bridge.
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The superstructure of the bridge consists of 1: 2: 4 vibrated
reinforced concrete balanced cantilever and suspended spans,
supported on piers and abutments made of 1: 3: 6 mass concrete,
lightly reinforced and founded on wells.

The main dimensions and other particulars of the bridge
are:

Overall length face to face of abutments, 2828 ft ; 17 spans,
160 ft. each ; 2 end-spans, 54 ft each; height of, pier shaft from
plinth level to level of bearing seat, 32.6 ft; width of pier
shaft at plinth level, 9 {t 7 in. ; length of pier shaft at plinth level
36 ft ; batter in piers, 1 in 24,

10
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Live load, Indian Roads jongress Class AA on the carriage-

way : live load ou the footpath, accarding to ¢ p
Indian Roads Congress Bridge Code : koo Clise Z{W of the

‘ Average prossuro intonsity on foundat
minus 35.00, 7 tons per sq. ft.;
sq. ft:

wns under piers at R.L.
undor abutments, one ton per

Temperature variations 4- 30 deg. F,

:}.vomge velocity of water under the
velocity under certain picrs, 8 £t per se
CUSECS.

bridge, 5 ft poer socond :
cond : discharge, 577,000

Costs

_ The total cost of the Lridge was I
tiony cost Ry 20,36 006) -, piers and
bearings Rs 1,30,000 and supoe

8 45,89.000/-.  The founda-
abutments Rs 3,13,000 -,
rstrueture Rs 17,60,000-,
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Dredging in Progress,
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S == TT The cost per running
2 LS ‘5t foot of the bridge was
v I Y Hosc 5] Re 1,623, per square foot

of carriage-way (excluding
footpaths), Rs 67 ; per
! square foot of roadway
(including foot-paths),
Rs 45/-. The cost per
square foot of the entire
elevation (that is, the area
enclosed between the line
connecting the uppermost

points of the superstruc-
14

] o
“ / . n ture and the line connect-
+5+ -6 ing the lowest parts of the
|4'°G~C".*1"' 7-9%| foundations) was Rs 102/-.
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Each pier was founded
on a twin well sunk to
. the approved depth, so as
to rest on stiff black clay. The well had an overall size of 30 ft by
15 £t 6 in. and was of lightly reinforced concrete (1:3:6).

Plan & Section of well,

Superstructure

The superstructure consisted of three reinforced concrete
girders spaced 1| [t centre to centre, with a 9 in. thick- reinforced
concrete deck slab, covered with a 3 in. wearing coat of 1:2:4
cement concrete. The girders were 18 ft deep at the support and 8
ft at the centre, and were of a web and flange type with a web
thickness of 9 inches.
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Roller and Rocker bearin i i
o ' > g8 were provided on the piers and
sliding plate bearings at the free end under each of Ith(:t;hree

girders of the suspended spans. Rach T p i
designed for a load of 400[tons. eh roller or rocker hearing was

Concreting the Superstructure.
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Well Sinking Difficuities

The engineers responsible for the construction were faced
with numerous problems in the course of sinking wells for the
foundations. Many wells went out of plumb and shifted from
their correct positions. They were corrected by regula:hlng the
dredging, pnlling and pushing into position during sinking, and
eccentric or cantilever loading. These methods were not comple-
toly successful in every case.

The feature which caused special headache on this work
was that in some of the wells Artesian springs were encountered.
The water level in these wells rose and water began to overflow
at a tremendous rate. The wells began to sink abruptly under
their own weight. A detailed description of the devices adopted to
over-come these difficulties is given in the Journal Vol XIV-2.

Test Loads

The wells where
artesian  condi-
tions had been
met with, were
load tested. The
test loads which
ranged from 1,000
tons to 1,200 tons
on a twin well,
were 8o calculated
as to give the
saine unit pressure
under the steining
a8 would develop
under the whole
area of the well
after the bridge
came into use.

Superstitions

During the con-
struction of this
bridge the usual
rumour that at
such big bridge
works the river god is propitiated by a human sacrifice took hold
of the populace and led to a minor riot. The Government had to
issue a press note to dispel the impression from the public mind.

~ Work on this bridge commenced on 1—11—1947 and the
bridge was opened to traffic on 31—8—1951.

Eccentric Loading.



4, THE CAUVERY BRIDGE AT PULGALUR

With the opening of the bridge over the Cauvery at Pugalur
in Madras in December 1951, dreams more than two decades
old came true. As long ago as 1936 Vipan* included a bridge at
Pugalur in his scheme. But before that scheme could be put into
force, the Second World War intervened. Then, fortunately,
came the National Highway Scheme and the alignment of
National Highway No. 7 from Banaras via Rewa, Jabalpur,
Nagpur, Hyderabad, Bangalore, and Madura on to Cape Comorin

passed over the Cauvery in this neighbourhood. A bridge already
badly needed, became all the more necessary.

The river Cauvery divides two very prosperous districts of
Madras, viz., Salem and Trichinopoly, and is unbridged in this
area for almost a hundred miles of its course. Before the bridge
at Pugalur was built there were only two bridges over this river,
one at Trichinopoly and the other about 100 miles upstrcam at
Bhavani. That at least one more intermediate bridge was needed
immediately was obvious, but it was not equally obvious where
this bridge should be sited. For years a controversy raged about
the actual location of the bridge. No less than five different sites
were considered and their merits and demerits debated in detail .

Finally the issue narrowed down to the two sites at Nanniyur and
Pugalur,

The Government of India, who had to pay for the work,
favoured the Nanniyur site because the road along that route was
practically the shortest distance between the obligatory points of
Karur and Namakkal. Moreover, the river at that site was
narrower than at Pugalur. The adoption of the Pugalur site was
expected to cost Rs 6 lakhs more than the alignment via Nanniyur.
B}lt Madras wanted the bridge at Pugalur for various reasons.
Finally, as a compromise, the Central and State Governments
agreed to split equally the excess expenditure to be incurred by.
adopting the more costly route via Pugalur. According to this

arrangement the Centre paid Rs 27 lakhs out of the total estimated
expenditure of Ry 30 lakhs.

m q . . .
. The b'rldge was designed  as a reinforced  conerete structure
y a .
with continuous Tee-heams supported on picrs and abutments

* “Scheme of Road Dievelo *resi " i
Road 1 pment for the Madras Presidency ™ by A. Vipan,
M. Inst. C.E., Special Engincer, Road Development, Madrae (1935, page 32.

THE CAUVERY BRIDGE AT PUGALUR

Tag CAUVERY BRIDGE aT

PUGALUR

Photo No. 1—The Completed Bridge.

427
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of coursed rubble masonry
in eement mortar,  The
continuous  girder type
was selected as  rock
foundations at a reason-
able depth were found
under most of the piers.
There were 12 units, each
continuous  over three
spans and one unit of
four spans in the middle.
Construction started on
the 9th May 1949,

The main dimcnsions
of the bhridge arc:

Photo No, 2=T-Beams and stiffeners

Length betweon abut-

ments, 2634 ft.; 40 cqual
spans of 60 ft clear at the top of the piers; picr thickness, 6 ft

at the top; batter: 1 in 12 for abutments and 1 in 24 for piers;
height of piers about 20 ft;

Roadway, 22 ft between kerbs ;

Depth of Tee-beam rib, 6} ft at support and 5 ft at midspan ;
thickness of rib, 15 inches; 121in. X 12 in. cross-beam for stiff-
ness, 10 in each span;

Thickness of slab, 74 inches ;

Wearing surface, 1: 14 3 cement conerete 3 in. thick;

Total depth of well sinking, 2256 ft . uverage depth of well,
36 ft; maximum depth, 40 ft;

Expected maximum discharge under the bridge, 2,86,100
CUBeCS.

Costs

Total cost including approaches, Rs 25.87 lakhs; cost of sub-
structure, Rs 8,09,000 ; cost of piers, Rs 2,81,000; cost of super-
structure, Rs 11,40,000 ; cost of approaches, Rs 1,95,000.

The cost per running foot of the bridge is Rs 965; per square
foot o( carriageway, Rs 44.5; cost per square foot of the entire
elevation (that is, the area enclosed between the line connecting
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the uppermost point of the superstructure and the line connecting
the lowest parts of the foundations) is Rs 20, '

Mettur Dam Affects Design

A design finalized in 1940 contemplated building 48 spans of
60 ft each, that is, a bridge about 3,200 ft long catering for the
highest known discharge of 4,85,600 cusecs. This flood had
passed down the river at the bridge site in 1924, the year of
phenomenal floods in Southern India. But, since the completion
of the Mettur Dam in 1934, the discharge in the Cauvery below
the dam was fairly controlled. In 1940, the knowledge of the
extent of this control was yet incomplete and the bridge was

u
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Photo No, 8—Wells,

designed for the full river width. But'by 1949 the flood absorbing
cffect of th'c dam was known fairly well. The maximum discharge
let down in the Cauvery at Mettur after 1934 had been only
1,64,000 cusecs. With the maximum discharge of the Bhavani
added tp it (1,22,000 cusees), the flood in the (‘auvery at the
hridge site could not he expected to exceed 2,86,000 cusces. ‘The
length of the bridge was, therefore, reduced from 48 to 40 spans
and this gave a saving of about Rs 6 lakhs.

Foundations and Piers

For the left abutment and piers 1 to 8 and 10, where rock was
ayaxlable at shallow depths, open foundations were adopted. The
right abutment and the remaining 30 piers were founded on wells.

The piers were built of first class coursed rubble masonry in
1: 4 cement mortar below low water level, and in 1:5 mortar
above that level. But-in piers 4 to 8 and 10, where heavy springs

were encountered, the substructure below low water level was
mass cement conerete (1: 3: 6).

Elsewhere the well foundations under each pier consisted of
three separate rectangular, lightly-reinforced cement concrete
wells with rounded corners (Photo No. 3). The outer size of &
well was 8 ft x 9 ft (8 ft x 9 ft 6 in, under the right abutment)
with a 2-ft thick steining. The three wells under each pier were

capped with continuous reinforo i
cnpped with continu ed concrete slab 32 ft 8 in. x 8 ft
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Bearings

Eighteen inch thick reinforced concrete bed .blocks placed on
the piers carried cast steel roller and rocker bearings.

In each 3-span unit the expansion bearings ab the end sup-
ports were 2-roller assemblies , one intermediate support had a
4-roller assembly, and the other a fixed rocker bearing. Rollers
of the same diameter were not available for a.l.l the lgearmgs.
Three different diameters were to be had, viz., 6} in., 7 in,, and
7% in. This diference in size was put to good use in rasing the

level of the two intermediate bearings and thereby providing
camber in the surface slab.

An expansion joint was provided. in the deck slab at the
end of every unit.

Anchoring Wells

According to the approved specifications the foupda.t-ions of
the piers were to be taken at least 9 ft into rock. This was done
as far as possible. In a few cases, however, some wellsﬂcould not
be embedded into rock and rested on sloping strata. Such wells
were anchored to the foundation rock by means of 1 in. steel bar
dowels (one dowel for every 2 sq. {t. of dredge hole area) embedded
3}, ft into the rock and extending 3 ft into the well.

Photo No. 4—Lifting 2 well,
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A i .
ditﬁculstt())ore:?a%; _anchor holes into rock under deep water was &
Sbout 2 ft?of C(laon, the wells on reaching rock were plugged with
ment concrete and de-watered. The holos for the

dowels were then dril
3 it ok rilled through the concrete plugs so as to extend

p d m tlle hOleS & (l & TIC h ome nt mol
l)()wel b!LIS were l&ce n
was p&cked I‘Oll\l(l th(‘"l to [)I()\,’(',]ltv I‘llStlng ‘ )

Transplanting Wells

bodil\;,i::\sd t‘)l:;l(;, for ((;ne pier as explained below, were shifted
pier No. 10 was t(;u}i er another pier. According to the design,
was troﬁblesome angve th open foundations, but ay de-watering
to adopt well found: costly the contractors obtuined permission
when rock with a tdtw"?' The well had gone down hardly 6 ft
work on the wel?se(?;rsxg?eilogi wﬁ elncountcmd_ Fortunately,

Wire ropes were .

o were passed under the curb \ip ;

1‘)‘3‘1’1 “l’“‘“d iteel joists placed at the top of tflllr(:(lwt.‘;;'“ On]d-s tiod 0

Lurlg (iwl'lt- VY .{neans of four 10-ton jacks (Photo (1\'05’4w {}Vc}})l W:}l;g
erc clear of the ground level the wells we.rc)‘draggeel:i by

Photo N —
oto No, §—A well travels to the next pler
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means of winches to the next pier on L} in. round steel bars used
as rollers (Phuto No. 8). Hach well weighed about 24 tons. The

whole operation cost only Rs 7560/-.

Suspended Centering Saves 8 Months

When the working season in 1951 camo to an end, water
from the Mettur Reservoir was leb into the river for irrigation.

Photo No. 6.

Ordinary timber staging and centering completely obstructs
the channel and cannot be used in the flood season,

Photo No. 7. )
Special centering jeaves the river unobstructed
and work can go on in all seasons.
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The supe sture for .

D(mennfxxis?fllo‘otil‘lorenfglk]? Spans still remained to e built.  Post-
loss of cight vzmluu,l»lor o f;ho. next season would have meant the
Hamilton bridge wk\rxm()ll?' 8. Parts of w120 £t span Callender-
COBEINTIOUS fingosn tJ(, available ;'u‘l(l they were used to build eight
were crected on ltvilowt(:) fOl‘foa.ch Fee-heam, The outer two trusses
unit and rolled ou(:, . I; of the noses of the piers of a completed
erceted on the deck ulfntl()t ;ms,ltlon‘ The other six trusses wore
FINbOT  hopses 1 last completed unit and rolled out on

ses " and then lowored mto position,

m 3
The use of this centering

. saved 4 s workine s '
bridge was opened to traffic whole working scason. The

on the 23rd December 1051.

5. THE KUAKHAI BRIDGE

The road bridge over the Kuakhai river is one of the four
projected major bridges intended to develop the Mahanadi delta.
It is also one of the numecrous bridges which will have ultimately
to be built on National Highway No. 5 between Calcutta and
Madras. It achieved ‘‘ top priority > for local reasons, viz., the
development of the new capital city of Orissa at Bhubaneswar and
the need for connecting it with the old capital Cuttack, by means
of an all-weather road. Further details of the history of this pro-
ject were given in the articlo on the Kathjuri Bridge* on page 419,

A Variable River

The Kuakhai is one of the deltaic branches of the Mahanadi
and discharge passing down these branches varies from year to
year. Sometimes only one branch takes the main discharge and
a few years later this branch gets sluggish and tends to silt up
while another branch becomes active. On comparing surveys and
other records dating back to 1847 with the surveys made in 1896-
97, railway engineers of those days came to the conclusion that
‘“the whole tendency of the river appears to be to convert the
Kuakhai into the main channel......... ” The observed recorded
discharge of the Kuakhai was 3,40,000 cusecs in 1896. As if to
falsify these prophets, the highest recorded discharge after 1897
was only 2,53,000 cusecs in 1937.

The bed of the Kuakhai has now tended to rise at its mouth
and wag in 1947 as much as 17 ft higher at that place than that
of the Kathjuri at its corresponding point of take-off from the
Mahanadi.

These changes in the regime of the river aggravated conside-
rably the normal uncertainties of the situation and made the
selection of a suitable bridge site difficult.

Various experts favoured the construction of the bridge at
diffierent locations on the river spread over a range of about 15
miles. At each of these locations there was further divergence of
opinion about the most suitable exact site. A joint inspection by
experts in March 1947 followed by model experiments at the test-
ing station at Poona solved this thorny problem and the present
bridge site ncar Balianta was finally settled.t

Like the Kathjuri bridge, the Kuakhai bridge was built as a
reinforced concrete balanced cantilever structure with suspended

* For techuioal details of the Kathjuri Bridwe, see J.R.C. Jonrnal Vols.
XIV.3|& XI1V-4, For thosec of the Kuakhai Bridge, see I.B.0, Journal Vols.
XV-3:& XV.4.

t_Plonse see map on -pago 42}.
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A view of the Completed bridge.
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spans in alternate bays. The span was, however, much smaller
on this bridge.

Dimensions

The main dimensions of the bridge are:

Overall length face to face of abutments, 1696 ft; 15 spans,
106 ft each, and 2 end spans, 53 ft each ; height of pier shaft from
plinth level to level of bearing seat, 18.5 ft; thickness of pier
shaft at plinth level, 8 ft ; batter in piers, 1 in 16,

Carriageway, 24 ft; 2 footpaths, 6 ft each ; depth of girders,
13 ft 6 ins. at the supports, and 6 ft at the centre; web thickness
9 inches.

Live load, I.R.C. Class AA on the carriageway ; live load
on the footpath, according to Clause 207 of the I.R.C. Bridge Code.

Maximum pressure intensity on foundations under piers 7
tons per sq. ft. '

Temperature variation, 4 30 deg. F.

Average velocity of water under the bridge, 5 ft per second ;
discharge, 2,60,000 cusecs. (This calculated maximum discharge

takes account of the dam across the Mahanadi under construction
at Hirakud some 200 miles upstream of the Kuakhai bridge site).

The start of the work.

12
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Well Foundations

One of the main differonces betwee < juri

- of f n the Kathjur
Kuakhai bridges was ’ch{»t in the latter two separate c?rcdrt: Wae;llll(c1
were used under each pier instead of a twin well as at the Kath-

juri, This made sinking easier i i igti
s mado si g T in the much stiffer clay existing

Of the 32 wells forming the foundati i i
: - ong of th idg
saxﬁ( absolutely straight. 'The shift and tilt in thl: k;;ﬁi?ﬁi?:;%é
we s'deu(;ed_ frpm 1 In. to 14 in. in the worst cases. This was
considere 'w1thm thp range of permissible tolerance and the piers
were built in the designed positions. P Rer

The wells were 13 ft 6 in. in dj
. ) we . lamete | i
6 in. thick steining. After sinking anq ;lflogugti(:gg “Sltgy&v?exf':

connected at the to ith i : >
well caps. p with 3 ft thick vibrated reinforced concrete

The piers were built on lj i

[ ightly r 1 3:6
concrete with plums. The Abut%nlen);%lemfm“d A
concrete retaining walls for earth A
on the fill behind but not for taking

cement
were designed as reinforced
pressure and traffic loads
any load from the bridge.

Sinki :
ng devices: Kentledge loading on one well and
Progress in another

dredging in
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The joints in the main reinforcement in the beams were
welded.

The roller and rocker bearings were designed for a load of 240
tons (400 tons on the Kathjuri bridge).

Costs

The bridge has cost the Central Government a total amount
of Rs 23,21,000. Of this, the foundations cost Rs 8,12,000 :
piers and abutments Rs 1,34,000 ; and superstructure Rs 9,69,000.

Cost per running foot of the bridge, Rs 1368 : per sq. foot of
carriageway, Rs 57; per sq. foot of roadway, Rs 38/7; per sq.
foot of entire elevation (i.e., the area enclosed between the line
connecting the uppermost points of the superstructure and the
line {containing the lowest parts of the foundation) Rs 136/-.
Considering the depth to which the wells were sunk, the cost of
the work may be looked upon as normal or even below normal.

A well loaded with kentledge
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Tests
Before the superstructy re

ﬁ‘:gg t;’;i‘;:gt&;;lozge stretn%th of concrete from differont sources
metal and grave) were f . :

f;l:;::ed broken gravel was, however, also al!owe?(}"i]g thsultable.'
ure mixed with 50 to 60 ber cent of broken granite e super

tions. The strength of

ranged from 3,257 1h to 5,413- 0 perc:;’\ﬁz igzﬂciete at 28 days

edge, special chis

Sand was tested for bulki
age reduction ranged fro;; lefoegery day of concreting. Porent.

7and an ade
uat i
ulking.q ° Proportion

hoth physipally and Ohemica,llll_;?r'* and rocker bearings was testod
The bridge wag 1 .
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6. THE TANSA BRIDGE

Forty-six miles north of Bombay, near Ambadi in the distriot
of Thana, Bombay State, the route from Bombay to Delhi via
Gujerat and Rajasthan, called National Highway No. 8, crosses
theriver Tansa over the recently constructed Tansa Bridge,
which was thrown open to traffic in May 1951 by the Hon’ble
Shri Jivraj N. Mehta, Minister for Public Works, Government of
Bombay,

The bridge replaces the vented low causeway which existed
about 600 feet upstream. This causeway was only 18 feet wide
between the wheel-guards and rose only 6 feet above the lowest
water level in the stream. It did not satisfy the needs of traffic
and its frequent submergence during the monsoon often interrup-
ted traffic. Besides, it needed frequent repairs due to scour on
its downstream side. :
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The Tansa bridge is the first to be completed im the 5-Year
construction programme of 75 bridges required on the roads.of
Bombay to improve its road communications and estimated to
cost about Rs 7} crores : the first of a series of six bridges requnj.ed
to link the northern and the southern parts of the Thana Dis-
trict ; and also the first of the 16 bridges required to establi'sh
uninterrupted all-weather flow of traffic between the two premier
industrial centres of the State, Bombay and Ahmedabad.

In the Thana District five more bridges on this highway are
under construction across the Vaiterna, Prinjal, Deherja, Surya
and the Chitpada. )

They are estimated to cost about Rs 27 lakhs. The Surya
and the Chitpada bridges are situated on the permanent route of
National Highway No. 8 and are, therefore, being financed wholly
by the Centre. The other three bridges are being aided by the
Government of India to the extent of 50 per cent of their cost.

The Tansa bridge project was sanctioned in April 1948 but
the actual construction started in October 1048. The original
intention was to get the work done on contract, but later it was
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decided to do it de
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9 in. to reach hard rock. The

moved to an average depth of 5 ft
1:3:6.

sement concrete mix used in the foundations was

The Superstructure

Yince hard rock was available for the foundations and the
section of the stream was deep and narrow, it was possible to
adopt arched spans. Forty foot clear spans were found economi-
cal. Unreinforced arches were designed with a view to avoiding
the use of steel of which there was a scarcity in the country. The
loading applied in the design was the [.R.C. Class A2 lanes, or

Class AA one lane.

Steel centring for arches

At first it was intended to design spandrel-filled
segmental arches, 30 ft span, in lime concrete in view
of the fact that lime concrete is resilient. ~ But the idea
was given up as good lime was not available within economical .
distance of the site of the work. It was finally decided to use
pre-cast cement concrete blocks (1:24:5) in preference to stone
or bricks, as the pre-cast cement concrete blocks have greater
compression strength than stone or brick, and the arches
constructed with them are capable of adjusting themselves to the
stresses induced by shrinkage and changes in temperature
better than the cast-in-situ cement concrete.

Salient Features

Spans, 7 of 40 feet each ; length of the bridge from abutment
to abutment, 345 feet; thickness of the arch ring, 2 feet
throughout; rise of the arch, 1/4 span; thickness of the cushion
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The Tansa drains a catchment area of about 150
square miles and the bridge was designed for a discharge of 84,500
cusecs flowing with a velocity of 30 feet per second.
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563 * of the bridge

Cost

The original estimate of the cost framed in the beginning of
1948 was Rs 2.87 lakhs. The actual completion cost of the work
was Rs 4.33 lakhs. This rather high exoess of the actual expendi-

Piers under construction

ture over the estimated cost was mainly due to the rise in the cost
of materials during the period of construction. Per running foot
the.actual cost works out to Rs 1,015 excluding the cost of the
approaches.

Reanad Y L
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7. THE CHAMPAVATI BRIDGE

The river Champavati is onc of the thirteen major rivers
that cross National Highway No. 5 linking Madras and Calcutta.
At the bridgo site its catchment area is about 520 sq. miles and,
because of its swift current during the monsoon and the shallows
existing in its bed during the dry weather, it has always presented
difficulties to ferry traffic.

The necessity for a bridge to span this river was fclt as early
as 1931 when a screw-pile bridge of the through Pratt girder type
with eleven 60-ft spans was built at & constricted site near Natha-
valasa about 508 miles from Madras. Unfortunately, this bridge
was washed away the same year due to unprecedented {loods
which followed breaches in a series of tanks and raised the maxi-

mum high flood level for which the bridge had been designed from
R. L. 87.75 to 102.42.

Eleven years later, i.e., in 1942 another attempt was made t©
bridge this river at a point about 1,600 ft downstream of the pre-
vious site. Twenty spans each of 45.ft reinforced concrete
T-beams and slabs were proposed. The construction of the bridge,
financed from the Road Development Fund, was undertaken by
the Vizagapatam District Board. Owing to a dispute between the
contractors and the Distriet Board the work had to be abandoned

after the wells for the righthand side abutment and seven piers
had been partially sunk.

It was not till 1951 that work on this bridge was re-started a8
a part of the first 5-year road-development programme.

The Site

' After thorough investigation it was decided that the new
bridge should be built at the site of the unfinished bridge which
lies on the approved alignment of National Highway No. 5. Hero
the river has wider banks and hence a comparatively lower
velocity of flow than at the site selected in 1931. Besides, some

saving will be effected by making use of part of the work executed
during 1942.

Tl}e maximum flood level reached during 1931 was due to
exceptional circumstances not likely to be repeated. To design &
bndge_for this maximum flood would entail the construction of
very high and expensive approaches resulting in the locking-up
eapital to insure against a remote risk. The ventway of the new
bridge as now designed will be sufficient to pass a flood discharge
ocorresponding to & maximum flood level of 87.75, the maximum
recorded before and since 1931, but a free-board of 9.5 ft has been

Tug CHAMPAVATI Brinek
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allowed as & margin instead of the usual 3 feot and the approaches
have heen designed to he safe against overtopping by floods.

Foundations

Nature of the soil at the bridge site is sandy, but hard rock is
met with at depths varying from 18 to 33 ft below the bed with
an intermediate layer of clay. - Well foundations for all tho piers
and the abutment pier on the Chicacole side have been taken 8t
least 2 ft into the hard rock. Where this was not possible, 1-in.
diameter anchor rods were embedded at least 3 ft 6 in. deep into
the hard rock below the bottom plug. The abutment pier on the
Vizagapatam side has its wells resting on hard clay.

The abutment-piers have two twin octagonal wells each
12 ft x 14 ft 6 in. (outer dimensions) with a gap of 2 ft in between

the Wel!s, whereas each pier has two twin octagonal wells each
14 ft 6 in. X 8 ft (outer dimensions)

The wells have cement concrete (1: 3+ 6) steinings 2 ft thick
with bond rods and flat ties, and R. C. C. (1:2:4) curbs 3 ft deep
and 2 ft thick at the top with cutting odges of mild steel T-
sections 6in. x4 in.x2 in. The inside of the wells were plugged
with 5 ft cement concrete (1:2:4) at the bottom and with 3 ft
cement concrete (1:4:8) at the top, the space in between being

Start of Well Construction
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filled with clean river sand. The wells and the abutment piers

have a continuous cap 1 ft 6 in. thick reinforced at top and
bottom.

Substructure

At first it was proposed to have piers and abutments of
coursed rubble masonry in cement mortar. Calculation showed,
however, that to keep the tensile stress in the masonry and a.ll.’ﬁhc
forces induced by traffic and temperature within the permissible
limits the section would have to be very massive, necessitating
widening of the wells that had been partly sunk in 1942. It was
finally decided, therefore, to use mass cement concrete 1:3:6
for the abutments and piers.

A reinforced cement concrete (1 : 2: 4 ) approach slab will be
provided to disperse the live load over the fill behind each
abutment.

Superstructure
noAp Lever [ APPROACH SLAB L earinG coaT The superstruc-
SR EIEERTARIN CXERITAC] | KIENRE LK AT ture consists of

: — 0’ "—‘F“ SOy DECK STAB reinforced concrete
= " ‘ T-beams and deck
° gl GIRDER

" slab. . The bridge,
_t ’54* designed for two
BRI lanes of ‘“LR.C.
2T M.S. WEARING  (lass A’ loading

PLATESIN.THICK 16 lane of

“I.R.C.Class AA”
loading, has six
units, each oconti-
nuous over 3 spans

and two simply supported units, one at each end. In addition,
there are two land-spans. Holes wifl be left in the deck slab to
allow the entrapped air to escape, should the bridge be submerged
at any time in the future. :
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Bearings

Three of the supports of cach continuous 3-span unit will
have sliding plate bearing whilo the fourth support will bo fixed.
The simply supported spans will have sliding bearings at one end
and fixed bearings at the other.

Plers under Construction

Approaches

On the Vizagapatam side the length of th h is 348
ft whereas on the Chicacole side the length is 3?38&?&‘:&'%he width

;)i ftm‘rlﬂation of the approaches will be 32 ft with side slopes Of
O 1.

To guard against breaches if the approaches are submerged
during high floods their slopes and berms will be protected Wit%l 9
in. stone pitching laid over 3 in. shingle wherever the height of
submergence is likely to be more than 3 feet. The approaches

will be level for a distance of at least 50 ; :
bridge. 8 ft on either side of the

Salient Features

Spans, 19 of 45 ft, onc span of 49 ft, and two land spans of
20 {4 ; lineal waterway, 944 ft; length of the bridge fmnI; abut-
ment-pier to abutment-pier, 1033} ft; thickness of the reinforced
cement concrete (1:2:4) deck slab, 7% in,; reinforced cement

THE CHAMPAVATI BRIDGE

Another View
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concrete T-beams, 1 ft 6 in.,, x4 ft § in. : piers, 4 ft wide at the

top and 7 ft wide at the bottom : abutment-nj 4 ft wi t the
top and 12 ft wide at the bottom. pier, b wide &

R.C.(1:2:4)—1 5.
PIER CAP CUM

BED BLOCK 1-6
THICK a

v

4R, (1:2:4) WELL cuRB
CROSS SECTION

Width of carriageway, 22 ¢ between k ¢
kerbs, 12 in x 81 /s ween kerbs ; R.C.C. (1:2:4)
H;e&rb ?l : l;jn: >§)‘ In.; wearing surface, 3 in. thick cement concrete

The bridge has been desj
flowing with a velocity of 8}
is 8 inches, )

Cost

gned for a discharge of 88,800 cusces
ft per second. The anticipated afflux

\

The bridge, work on wh
eost Rs 13.2 lakhs. Per run
eost Rs 1277/-, excluding th

ich is still in progress, is estimated to
ning foot the bridge is estimated to
e cost of the approaches.

8. THE TALDANGA BRIDGE

The Taldanga bridge takes N. H. 5 (Calcutta-Madras Highway)
across the Taldanga canal which traverses the town of Cuttack.
The construction of the bridge was taken up in May 1950 while
the Kathjuri and the Kuakhai bridges were being built, as without
bridging the canal these two bridges could not be used effectively
to connect Cuttack and Bhubaneshwar, the old and new capitals
of Orissa.

The Taldanga Canal takes off from the Mahanadi near
Cuttack and is an irrigation-cum-navigation canal.

_ The selection of site presented no problems in this case as the
bridge was to be on an artificial channel.

Numerous Alternative Designs

Numerous alternative designs were examined in detail before
deciding upon the design finally adopted. A design for a bow-
string girder bridge of 100 ft span with masonry arch spans in the
approach was got out in the Central Roads Organization. The
firm of contractors who were building the Kathjuri bridge within
less than a mile from the T'aldanga bridge site was asked to quote.
As the quotation was considered high the firm was asked to
submit revised quotations for alternative designs. These were :

(1) R.C. bow-string-girder design

(2) TUniformly thick R. C. solid slab (103 ft main span)
with 40 ft cantilevers.

(8) R.C. solid slab of varying thickness (103 ft main
span) with 40 ft cantilevers.

(4) R.C. T-beam and slab (106 ft main span) and 385 ft
cantilevers.

Out of these, alternative No. 3 was considered the best on
technical grounds, but some changes were considered to be
necessary. The design which emerged finally consisted of—

(1) Main R. C. solid slab of varying thickness of 103 ft
span between bearings ;

(2) Two cantilever spans of 47 ft each of R. C. salid
slab of varying thickness ;

(3) Two suspended spans of 3 ft each between the
cantilever spans and piers;
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The railway bridge upstream can be seen in the background
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(4) A semi-circular masonry arch span of 29 ft 6 in. and
three segmental masonry arch spans of 20 ft each in

the approach.

The main dimensions and other particulars of the bridge
are :

Overall length including abutments, 317 ft; spans, as des-
cribed above ; shaft height of main piers, 29 ft; batter in piers,
1#24; carriageway, 24 ft; total width of superstructure, 26 ft
6 in.; thickness of slab at bearings, 7 ft ; at the centre, 2 ft 9 in. ;
at the ends of cantilevers, 2 ft 11 in.

Live load, Tndian Roads Congress Class AA on the Carriage-
W&y,

Foundations : open, on sandy soil ; average pressure inten-
8ity on the foundation, 1.5 tons per sq. ft.

Discharge in the canal, 1100 cusecs; velocity, 3 ft per
second.
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Costs
N '[‘h‘c total cost; of the bridge was Ry 365,000. As the quota-
lon was on a lu‘mp sum basis the break-up of this amount is
given only approximately
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v Cﬁst igr- running foot, Rs 1152 : per square foot of carriage-
pe,-y(’-ub?c ; ~tpefr ﬁq}mro foot of entire clevation, Rs 41; and
: 00 ol bridge, Rs 1/9/-. The approximate cost per

running foot of the concret i ,
and of the masonry Portbior;3 Igzr;})OOI}-TNOHId “ppear to bo Rs 1360/-

‘j_"j Special Features
T e The original designs

e provided for brick-
work foundations and
piers. As good bricks
were not available in
the locality, the two
muin piers of the
concrete spans were
made of 1:3:6

m:f | cement concrete with
:3:6 CEM cong, BT TER 1IN 24 290" plums on 1:2:4
WitH reinforced concrete
PluMs bases. The other

piers and abutments
were built of brick-
work in cement. All
piers were made with
semi-circular ends.

« A llength of 50 ft

R — at the middle of the
— Lo main span was kept
level. From  here

Wy

the formation sloped
away in both direc-
tions at 1 in 25 so
R —— » as to keep down
SECT‘aiNlem.Lmo GOURSH the helght of the

embankment, The
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height of the bridge at the centre of the main span was deter-
mined by considerations of the minimum clearance (25 ft)

specified for navication.

Vertical curves have been provided at all changes of gradient
on the bridge. This was found particularly nccessary as the
wearing surface is of cement concrete. The vertical curves have
been designed for a vehicle speed of 25 m. p. h.

The 3-ft suspended spans were introduced at a late stage
because calculations showed that the end of a cantilever span
would sag by about 4 inches under o design Io'ad and unless some
suitable provisions were made a vehicle passing over the bridge
at such a time would bump against the edge of the abutment wall.
The suspended spans provided a means of adjustment.

Tests

The bridge has been tested twice. The first test demonstrated
amply that the structure was strong enough to withstand the lqad
for which it was designed. The test did not, however, provide
satisfactory scientific data as the bridge structure was nl(:t
allowed to regain its original form, as far as Ross1ble, after the
removal of each test load and before imposing another load
system. As this was the longest solid slab span in the' country it
was considered desirable to test it again more systematically so as
to obtain data for guidance in future designs.



9. THE KALJANI, THE GADADHAR AND
THE RAIDAK BRIDGES

As a result of the partition of India in 1947 communications
between Assam and the rest of the Indian Union were severed. No
means of communication—railway, road or navigable river—was
available which did not, at one point or other, pass through Pakis-
tan. To overcome this handicap and to conneet Assam with th_e
rest of India, the Government of India undertook the Assam Rail
Link projeet and the construction of the Assam Access Road.
Work on these projects started hefore the end of 1947,

The Cooch Behar and Assam sections of the Assam Access
Road project involved the construction or re-construction of seve-
ral minor bridges and culverts, the strengthening of some bridges
and the setting up efficient ferry arrangements on the Kaljani, the
Gadadhar, and the Raidak rivers as a temporary expedient.
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The alignment of the Couch Behar section of the Highway
was finalized in 1949 when investigation of sites for perma.nent
bridges over these rivers was undertaken.

The  three rivers rise from the same series of hills in Bhutan
and flow through similar country. The catchment consisting of
forest hills, tea gardens, and cultivated plains, is also similar in
all the three cases. The foundation problems were identical and
were solved in the same manner on the three rivers. It is there-
fore, proposed to deal with all the three bridges in this article.

The rivers Kaljani, Gadadhar and Raidak are perennial

streams and in dry weather carry about 6 ft of water Hlowing at @
velocity of about 2 ft per second.

During floods the water level rises by about 14 ft and the
velocity to about 6 ft per second, accompanied by appreciable
scour. The Kaljani and the Gadadhar also carry brushwood.
Piers consisting of timber piles, which it would not be possible to
drive more than 25 ft into the river bed or brace properly, were
not considered advisable. Screwcrete piles, too, were considered
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i i . It
but equipment to drive these piles was not easﬂzfr :c\;{:;llf‘b;? por-
was, thercfore, decided to go ahead Wlt}l the con}sI O rases
ma,r;ent masonry substructures with ballonde;‘— eiding Tho cons-
as superstructure, as a temporary a,rrangeme: f}f)ic developed. The
truction of permanent superstructures when 11"«1t e eary Callon-
piers have been built for 2-lane bridges but the 1encp o moda-
dar-Hamilton superstructures provide only one-la
tion.

i (-}
At the bridgo sites the rivers arc out of their b:;;l}()lleer Sta:{‘;he
and their courses are very tortuous and m:;ld . and
bridges were sited at as stmigh.t'reaches as 32 A b aining
in the circumstances and provision Was ma
works.
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The Gadadhar Bridge~
Completed.

. e G mngr, Govoh Bebar
Photos in this article by courtesy of Shri R,P.Chands, Bx. KRE™
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T L} ‘ o
HM“U']L\“:;‘]{‘;(""';:\l:l‘ Wu.s‘ found to ho silt and sand, with some
mnsci’st of twin ’(ﬂ(tl x‘n‘()l;: l.wl(,w tho l)(‘d‘ level. The foundations
coment conerete » m “01-8) wells “’f lightly reinforced 1:3: 6
srete steining on heavily roinforced concreto well

:;lfn'(\')si,nthr:l‘l “mild steel eutting edges. Phe cubting edges consist
q‘roél m:r{ -l-“' mvﬂ‘d steel plates welded to 3 in. x 3 in.x ) in. mild
angles. Phe well  caps consist of 3 f6 thick doubly

reinforeed conercte stabs,

Gadadhar Bridge East
Abutment—showing
scour against the
toewall of bank.

The piers are of lightl i
with Pie © glrt y reinforced: m H B
Siif(} (s)ffanzlhglrcula} noses.  The top dimensio?xsss():(t)}r:grepe & 3‘1\?2
semi-circular ends, are 21 ft X 6 ft Tl{);e;?érexcca‘ps

are reinforced concrete slab i
thick on the 103 {t Spm: s, 2 f6 thick on 83 1t spans and z ft

r . .
The foundations ;
ions and piers are desi
crete balan TR, s are designed for a rei R
ced cantilever and suspended span :;lpr::foorfe%r(i:g[gle

carrying 2-lanes of T.R.C. Class ¢
AA loading. C. Class A or a single lane of I.R.C. Class

The span lengths were di
material i i | dictated b i i
ha.ppenéd lrfr;r::ﬁéatﬁly A available for tlza z%l;)ilgz;i?&r;se OthhI;Z
bappened, for tho moxt part, to he 80 6 span Callendar-Hamilton
centre. The Kaljs were, therefore, spaced 83 ft apart c 1-,1 to
jani and the Raidak bridges werep to ﬁi:ereﬁve
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spans of 83 ft each and two shore spans of 41 ft 6 inches. The
Gadadhar bridge was designed for a central span of 103 ft and two
side spans of 51 ft 6 inches.
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Gadadhar Bridge-y
slopes pitched with stone boulders, s
g (]

nder a high flood

lust falling down, Bank

tood well under floods,
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The main features of the bridges are tabulated below :

| Kaljani & | ) 40 ghar
Raidak Bridge
Bridges g~ )
1* Spans | sx83ft | 1x103fs
' 2x4ly ft | 2x 514 ft
|
2. Length between abutments 6 } 492
(as actually 200 ft
built 455 ft)
3. Length of well shaft 52 ft 46 ft
4. Height of pier shaft 15 ft 174 1%
5. Catchment area Kaljani 433 114 sq. miles.
8q. miles.
Raidak 1200
sq. miles.
6. Maximum bearing pressure on| .
foundation soil 6¢tons per | G tons per
sq. ft. 8q. ft.
7. Minimum clearance above
H.F.L. at centre of span 8 1t 8 ft
8. Maximum velocity of currents to| 10 ft per 10}ft per
second second

be allowed for in design

Costs

The cost of the
bridges per running
foot, as constructed
at present with Cal-
lendar-Ham ilton
superstructures was
about Rs 2,000/- for
the Gadadhar and
the Raidak bridges,
and Rs 2,130/- for
the Kaljani bridge.
These unit costs do
not include the cost
of training works.

The Raldak Bridge~Callender-Hamilton
truss assembled on the bank before

launching.

Well sinking on these bridges has been the most costly item.

It cost Rs 1,100/~ per running foot of the well shaft from the

cutting edge to the top of the well cap, even where the well cap



464 Briveing INDIA’S Rivugs

was  actually above
the ground.

No Snags

There have been
e 8nags jn the
construction w o p k.
Except for some
minor  tilts a4 (
shifts in the Kaljani
foundation wells, the
work has procooded
smoothly. The (.
sign of the perma-
nent  superstructure
on that bridge wil] be
suitably modified to
allow for the effectg of
these displacementg
of the foundationg,

Raidak Bridge during Construction,

A safety platform on the Kaljani Bridge.

Pment has takep placer on the Kaljani

bridge. This bridge
was sgited normal to
the current but in the
last two rainy seasons
the river is said to
have shifted its course
and the bridge has
now a sgkew of 40
degrees. Attempts
are being made to
train the river into its
original course.

As sufficient Callen-
dar-Hamilton  truss
material could not
be obtained for the
four 413 - ft shorc:
“pans on the Kaljani
and  the Raidak
bridges, these spans
were reduced to
20 feet. The abutment
piers were made of
timber piles instead of
cement conerete and
bridged with R. S.
joists,

-

10. THE POONPOON BRIDGE

.2
The Poonpoon river crosses the Grand Tl‘l.llnk flisgzld O(al,\{él}xltta.)
in the Gaya district of Bihar at abopt 331 mi esT Road orosoed
Prior to ‘the construction of this bridge the G. T. ry piers and
this river over a steel girder bridge on stone m&?;(())n f}; eI;,Ch and
abutments. The old bridge had three spans of
Wwas suitable for a live load of 8 tons only.

ier of
During World War II when the north-eastern thf;fi%gr the
India was threatened, the Government of India a.}:)le e work
Bihar Government to undertake as quickly as 1%082; ndard. This
of raising the G. T. Road in Bihar to Class ;ridge over the
Programme included the construction of a l(lle“i)oon oon bridge,
Poonpoon river. Later, the newly propose desigll)led to take
like other bridges on National Highways, was
LR.C. AA loading.

e on
The war threat subsided before any pl‘ngeS:edwa& mtal':i old
constructing a new bridge, but the damage (:)a::ct A pier on
bridge by a flood in 1946 lent urgency to thehPr éthe-r component
the Calcutta side was washed away and the O tent. With &
barts of the bridge were also damaged ’co_sonr;1 eavy expenditure
view to maintain light traffic without incurring sot up oni scrow
the old bridge was repaired and its steel girders
piles,

average
The old bridge had a waterway of 187 1;113 31;(1 g;lculatioﬁs
depth of flow of about 20 ft during high 03. éharge of only
showed that it could be expected to pass ‘L :fischarge of the
27,000 cusecs under such conditions, while t,](? e W thrio
river according to recognised run-off formu a;h e o the ol
this figure. In point of fact the .1‘08@ Og b(()ls by as much as 2
bridge wasg frequently overtopped in high fioo bresshod for fairly
t0.4 feet, and occasionally the banks .wergo iy
long periods thus causing great obstruction

i increase the

It was, therefore, decided in the new des{gtifi%dlzf]le:he et

Yaterway and four spans of 70 ft clear were})l'g T ours at all. is
bridge. Overtopping of the road hereafter, if i

10t likely to be serious.
Site

i bove

The new bridge is located with its centr?;hg,msld%brﬁl g: ove

that of the olq bridge and parallel to it. As‘t he old bridge was
Seriously obstructing the flow in the r}ver9 418
%00n as the new bridge was completed in 1948.
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Costs

The work was executed on a lump sum contract for Rs
3,067,419 for the substructure, and Rs 2,63,117 for the superstruc-
ture. These figures did not include the cost of bricks (Rs 63,641),
the wages of divers, signalmen, etc.,
well sinking (Rs 20,201), the cost of  approaches
(Rs 88,000), the cost of building a Shiva "Temple and
a Bathing Ghat on the Poonpoon in licu of those dismantled In
siting the new bridge (Rs 6,878) the cost of dismantling the ol
bridge (Rs 15,013), the departmental charges (Rs 87,780) and 80
on. The total cost is expected to he about Rs #,67,000. The cost

per running foot of the bridge works out to about Rs 2,700, and
per square foot of carriageway, Rs 123.

ecmployed on

The rate for extra work of well sinking (bricks supplied free)
below the contract levels was Rs 189/- per running foot and the
rebate for founding wells above the contract levels, Rs 161/-per
running foot.

Special Features

The wells of the central pier gave some trouble. While the
upstream well sank true, the downstream one shifted out of the
correct position towards the west by 1 ft 5 in. and was out of
plumb leaning towards the east by 34 inches. This meant that the
lateral departure of the base of the well from the true centre line
was 1 ft 8% in., and of the top of the well 1 ft 5 inches. It is
understood that the well struck a buried capping stone of an old
pier on one side and tilted towards the other. Apparently this
resulted in a slight lateral movement also. The departure from the
true position was originally as much as 2 ft 74 in. at the top with
a corresponding non-verticality. By tying the well with taut ropes

and judicious digging and sinking the displacement was reduce
to 1 ft 8% inches.
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The pier was l.)u.ilt eccentrically over both the wells, thus
redupmg the eccentricity by half. As a result one span became 7
ft 8 in. between bearings and the adjacent span 74 ft 4 inches.

The bridge was thrown open to traffic in April, 1949.

7 _;~
e L —— ’ I:'
Sao s .‘

THE POONPOON BRIDGE

16

Tag POONPOON BRIDGE

ge.

-Ahother view of the Poonpoon brid

Ltd., Kumardhubi.)
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/S Kumardhubi Engineering Works

(By courtesy of M



11. THE BAKHRA AND KITCHINIA BRIDGES

BAKHRA and Kitchinia are two small villages within a mile
of each other on the Patna-Ranchj Road in Bihar. A portion of
this road, namely that from Barhi to Bakhtiarpur, falls along
the accepted alignment of N. H. 31. In this portion the National
Highway crosses the river Panchana which takes off from the
hills near the famous mica mines of Koderma The Panchana
is a flashy torrent which remains practically dry throughout the
year and carries water only during the rains., About half a mile
above the rond-crossing, the river divides into three branches—
tho Chorsua, the Goithwa, and the Panchana itself. From this
point onwards the first two branches are more active than the
main river Panchana which ig bractically dead and silted up.

The Patna-Ranchij Road used to cross the two main
branches by means of masonry brid

designed for a live load of about
on these bridges was less than 10 ft wide.

T}}e bridge over the Chorsua (Bakhra) branch was washed
away in August 1948 on account of growth of discharge in this
branch. It was decided that while replacing the Bakhra bridge that

. ——re >y over tho Kitchinia

TR Y should also be re-
placed, for the rea-
sons to be expla.inqd
below, by one desi-
gned to National
Highway standards.

Since the main
river divides itself
into three branches

rzinen 1and the discharge
KICHANIAPUR A¥
\(AKBARPURY

¢ !-L)"DARPUR ' through each branch
AY | S KITCRANIA Bripge | has  been varying

(=T

e from year to year,

A\ . it is not possible to
2 -~ --.«',:fwj'l assess with certainty
oA the discharge that
"RA BRiDGe will pass down each
N | branch in the years

@ to come
1: ] .
2

The selected water-
bl i ways for the bridges

’ AVAPURY were fixed from &

-' 1_mes  |study of the cross-
~ sections of the river
Map of locality and their behaviours

KITCHINIA BRIDGE

[By Courtesy of M|s.J. C. Gammon Lid., Bombay,]

A view of the Completed Bridge.
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{zzmding, a stream velocity of 10 ft per sec
| per sq. ft. a temperature variation of —.f—
earng capacity of 8§ tong per sq. ft .

in good yellow earth strata,

Kach pier consi i
’r consists of two circular
cireular colunmng : "
the top and bottom, by pier an well M the e mter
m.cldllate piors on the Kitchinia bridge
vided betwoen the columnsg (no such di

on the Bakhra bridge).
Bakhra Bridge

The Bakhra bridge is simi

. ukhra ilar to the Kitehing
‘(ie;tta,ll. It is ;‘227 ft b.etween szu’cmcn(t fli:éllslm

erway of 216 ft 8 inches, The Spans are 68.5 ft, 90 ft, and
ms and the ond beams over the
On the piers the beams rest on

6%.5t ft. The suspended bea
abutments rest on sliding .
o onts 1ding plates.

Cost

The break-up of the cost iy tabulated below -

Kitchinig,

Foundationx

Piers

Abutments and wing wally
Superstructure

Total
Cost per running foot
Cost per sq. ft. of Carriageway
Cost per sq. ft. of entire elevation
Cost per cu. ft. of Bridge

The bridges were opened to #p

about a year to build.

data.

1 The contractors were
Ltd., who have kindly supplied the p;:’:é:

caps,

bridge
(l{upees)
2,68,500
34,000
54,000
2,08,500

5,65,000

17.5
0.7:

» o wind  pressure of 20
30 deg. F. and a safe
(74 tons on the Bakhra bridge)

i In the {wo inter-
disphragm  walls are pro-
aphragm walls are provided

a bridgein general
, and has a lineal

Bakhra
bridge
(Rupees)
1,749,000

20,000
65,000
1,16,000

3,80,000
1,390

58

20.3
0.85

aflic in 1951 having taken
Messrs. J. ¢. Gammon
8, drawings, and cost

12, THE SOUTH PENNAR BRIDGE AT KAVYERIPATNAM

When the alignment of N. H. 7, the Banaras-Cape Comorin
road, was decided by the Government of India, a section of the
Madras-Calicut road was adopted as a part of that Highway,
About 166 miles from Madras this road crosses the South Pennar
river. The bridge at this point, built in 1913, was a structure of
twelve spans, each 42 ft 6 in. clear. The superstructure consisted of
two 30 in. X 8 in. built-up plate girders, 10 ft 3 in. apart, with 7
in X 7 in. rolled steel joist cross girders at 3 ft centres. Brickwork
arches spanning the spaces between the cross girders with 9 in.
metalling formed the deck. The width of the carriageway was
only 9 ft between kerbs, and there were no footpaths.

As the bridge was near populous villages there was consider-
able vehicular and pedestrian traffic over it. - The pedestrian

traffic was particularly heavy on ‘“ shandy” days.

[*“ Shandy ”’ is a local term meaning ‘weekly market’, and
has no connection with drinks or drinking.]

g
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THE SOUTH PENNAR BRIDGE AT KAVERIPATNAM.
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Madras)

ef Engineer (Highways),

on

0s by Courlesy of the Chi
idge under Constructi

{Phot
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The nearest railway is 34 miles away and consequently passenger
and goods traffic is very heavy over this section of the roafi' ’,["he
superstructure of the girder bridge was so flimsy that vibration
under traffic could be easily scen and felt. The old bridge was
thus unsuitable for the requirements both of & Nat.xonal Highway
and of the local trafic A stronger and a wider bridge was needed

ab the site than the old structure.

As the old bridge had successfully withstood all the heavy
ﬂof’ds since its construction in 1913, it was proposed to retain the
eXisting waterway, and merely ‘to lengthen the piers and replace
the Superstructure with a wider and stronger one.

. The old piers were 4 ft thick at the top and 13 ft long exclu-
ding the semi-ciroular cut waters. There were no a.but!r}en.t's
Proper, but only two 7-ft thick abutment piers, encased within
revetments at the two ends of the bridge.

The piers were founded on rock at 4 to 8 ft below the bed
level. The work of extending them did not present any special
problem. Work started towards the end of June 1950 and the
substructure was complete by the middie of April 1951. In two
piers, pockets of soft rock went down to 14 ft below bed level.
These were removed and the cavities filled with cement concrete.
The foundations were built in 1: 3: 6 cement concrete up to the
level of the river bed. The piers were built in coursed rubble
masonry.

To reduce inconvenience to traffic to the minimum, the old
superstructure was removed only when the substructure exten-
sions werefcomplete. Then [8-in thick through R. C. pier caps
were laid over the piers. The new superstructure consists of T-
beam-cum-glab construction, simply supported over the piers so
that, in the event of unequal settlement of pier extensions, the
stresses in one span should not affect the adjacent spans. The
details of the design are shown in the figures. The T-beams of
each span have fixed bearings on one pier and sliding bearings on

the other,

] 1
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The Cost-plus System (4) compensation to workmen for injuries or death ;

Th i

wory :c%\(ltl)taltxc}m of tl}e only firm who tendered to carry out the

worl Thi; S;ast ;eo(t)ﬁ&icml :ﬁ(t‘ilm&te of Rs 2.45 lakhs by 62.65 per
. ccepted and a contract asis

plus 15 per cent was negotiated with the samgl}l?rlne bisis of cort

L'RY

V{”.”

‘ e’
Ve Dia SRR ALOMD - &

-
wangiRuops n $ B

s coven

. . w
J_'—,:__ ::?:‘;E ‘A ROUS 1Y DAL
AT
Ty :_‘.‘,__‘;_:_—7_:,%

(5) rental of equipment used on the work at pre-deter-
mined rates,

(6) cost of transporting equipment to and from the work
site, insuring, and overhauling at the end of the work ;

(7) losses on bonafide advances made by contractors to
suppliers and Jabourers ;

(8) cost of small tools.

[Photo + B .
The photo she y Courtesy of the Chief Engineer (Highways), Madras.)
The joint b:::v::: tsl:‘perlfltr“ct“!'e in ““cross sections™
e old and new sto .
i ne masonr .
s also clearly seen, » The work has cost Rs 4.02 lakhs. Anpalysed unib costs are
not yet available. The work was completed in April 1952.

Costs

he contract agreeme w
1\ nt defined the ¢ ’ :
()

the cost of all labour and materials :

salaries of contractors’ ’ B
ors’ work-ch

: char

" he work but not of the superviso%;ds::?fﬁ' employed on

contraotors’ prelimi
i . i
sheds, water Suppln‘“’y expenses for:recruiting labour,

ments ; y, medical, and:sanitary arrange-
' y g
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INFORMATION SERVICE
CAUSES OF LANDSLIPS AND SUGGESTED REMEDIES

On the 11th and 12th June 1930 the hill slopes in and around
Darjeeling were affected by disastrous landslips causing death
and destruction of property. Communications, houses, and
public services were destroyed in the town and in the neighbour-
ing villages and tea gardens.

As a result Darjeeling was cut off from the outside world for
many days. Electric and water supplies were stopped for a long
period.

Half a century ago similar slips had ocourred in September
1899,

At the request of the West Bengal Government the Gjreologwa.l
Survey of India undertook investigations of the 1950 .sllps, The
following extracts from the Geological Survey of India Report*’
on the subject are published for the information of highway
engineers.

The annual rainfall in Darjeeling is 110 inches, most of it
occurring between June and September. A few showers, off and
on, are common all the year round. Landslips occur generally
during the monsoon. At the time of the disastrous slips of 1899,
19.40 inches of rain fell within 24 hours. In 1950 there was a
maximum precipitation of 17.88 inches in 24 hours. Figures for
rainfall from the 10th to the 14th June 1950 are given below :

Date 10th 11th 12th 13th 14th
Rain 0.54 4.17 17.88 1016 . 0.40

Fortunately rainfall of such intensity is not common, and disas-
trous and widespread landslips are therefore not an annual
feature. Some slips are, however, reported practically every year
and cause dislocation of communications.

Causes and Origin of Slips

A landslip may be defined as a sudden movement, in a
downward and outwatrd direction, caused by the influence of
gravity of a pertion of a sloping ground surface. A slip occurs
because a portion of the sloping ground is actually sheared off
from the parent body. The tendency for slipping down is
counteractod by the shear strength of the material forming the
slope. Thus slipping along a slope may occur when either the

* “ Report on the Landslips in Darjeeling and neighbouring Hill Slopes in
June 1950 » by K. K Dutts, December, 1951. . .
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load on the slope increascs or t} .
& e shear resistanc .

decreases for one reason or other., istance of the material
Int anf] 3%1‘0;md the fown of Darjeeling slips are found on
every type of ulope, whether formed of soil, talus, scree matorial
or rock. Again, composite s)ips arc scen, ]*l‘il,mu'il v 1, rinl
soil or rock talus but sometimes tihe underlying roek ‘o(y involving

. o] 'K U000,

',[jho ‘fjh(‘,ilur resistance of soil and soil stopos i
combination of internal friction and c<))1eq}()n] S 18
clayey soil, internal friction is gener:ml[.y o
degrees. . Its shear strength, therefore d.cpcml(g
on cohesion. For some heights a soil sylopc is g,lt,,,} le at
angles, hut for large heights the safo angle (lio(c? b o o LD
and ultimately goes down to the angle of intorn: IIO(LSps gradually
monly known as the angle of reposo, nal friction, com-

13 made up of a
In soil, espocially
more than 2 to 3

almost entirely

In other words, the height to ich ;
sﬁar}d, at z’w‘ngles steeper thin its “:L}:llg(;]}(l (Lafmilxl\—tcoor‘lfﬁmﬁedf ‘-“.ilope o
limited. The exact safe height corresponding to (i, l.tCt"m, 18
can be found by testing the physical properties of t(;lmlt ,SIUPC“‘
sloge will :s‘afely stand to a great hoicht if its" 11 o, hoil. | A
horizontal is flatter than its angle of repose 8 1clnation to the

I};: slopes fc;rmed of talus and rock depri
no cohesion and the stability of such «lomn
internal friction. ’ el slope

s, there is practically
8 depends entirely on

In slopes formed of rock. gl
€ or’ , slips oceur
‘weakness like joints, bedding plair))es cceu;c
weak features, may stand even Vertioa.il ’

only along planes of
Rock, free of such
¥ to great heights.

Tf;e l}oad on a slope increases whe
example by erosion, or by huma /
. n agency. Slope
: : BV 8 are ste
Bit\g?pe; :utftn')% for making or maintaining rozf)ds Ored:t; elpel.led
rraces lor house sites. A slope is steepened aly by g
material on it to widen a road or 4 house sito 80 by dumping

n it is steepened, for

\

Deercase in the shear resistance of the mate

slope is caused by progressiv
- e strictural oh: ,
by weathering. wal change

rial forming a
8 1 the material

Percolation of water into t At
resista..nce. Factual evidence to};(\t}r:::txbsnﬂf:lzg {e(iuces it shour
1l;gnd(sllpa. qsu:..l[y follow a period of heavy mir']m;?’ ;1}110 fact tha.?
¢ 9m1?;001£>}1lta, lflm has a chance of Percolating inge then muCh.ol
orming the slope. A continuous rainfall of about elgllﬁ»teli]l:s
{ ine

preceded the landslips in t ool
June, 1950, P 16 Darjecling aren on the 11.12th
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During the rains the pore spaces and the voids in the slope
material get filled up with water, thus increasing the unit weight
and consequently the load on the material.

Again, water which enters the ground beneath a slope in turn
involves an increase of pore water pressure and a decrease in the
shear resistance of the material. Thus a soil or talus material
which is ordinarily stable in a certain slope may cease to be so on
account of the addition of water during a heavy storm.

The soil slips in the Darjeeling area were caused by one or
all the factors mentioned here. '

Most of the slips which had damaged houses were due to
cutting back into the hillfaces for developing the house sites.

Mudrock Flow or Mudspate

Nearly all the major slips were found on slopes formed of
talus material lying at angles steeper than 40 deg. Such talus
material, when dry or well drained, is stable at an angle of 45
deg. and its stability is not necessarily impaired by occasional wet
spells. Slips in such material, however, occur by seepage pressure
of water percolating in as a result of a heavy rainstorm. When
a slip starts, the saturated material rushes down carrying with it

Photo,1. Soll slips — showing the parabolic
outline of the slipped portioys,
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Elngov}r)raocgs of 1“Ock and eroding a channel of its own. This is
particular c:qeqm?dnrOCk' flow’ or a ‘mud-spate’ In the
Mopo (10 dog.) app the slips investigated, though the anglo of
clay within ggch(eptp?arod to be within the safe limit, the presence of
drainage. thereb alus derived by weathering tended to provent

age, thereby leading to an increase in the scepage pressure.

Slips in rock occur alo i

: ong certain definite pl

g?a:e:dgfu:fe ;{{lanes or foliation planes, joint£ a:}llz:rsTgsyoThag

along such {i‘a nessd of a tectonic nature. The occurrence of slips
planes depends on their inclination to the horizontal.

inclii(;ltlilce)ﬁu':ll?:;le:ﬁn when the planes of weakness have a gentler
inclination than fe angle of sliding friction, slips occur along
T o et ulfl t}f a reduction of cohesion between the mineral
of th s of the contact layer, and on account of the rise

e peizometric head. The c¢ohesion may be reduced l;y

weathering and the fo i 1
friction. rmation of clay with a low angle of internal

Summarising, the stability of a slope depends on:

(1) the angle of the slope:
-(2) the material forming the slope ;

(3) nature of slope, ie., wheth
. , Le., her bare -
taion, and the nature of the vegetagil(‘mcgvcred by voge

(4) ground-water conditions ; and

(5) earthquakes.

Bad drainage is an important ¢ .
" drgiriz \gahtz: pressu]rc and thereby increase stability vtl(]iprias
storm-wat ¢ h s just the opposite eflect. Unlined dr;}' “and
. ater channcls help to recharge the ground water l(rJllSogagflz(d

drains, commonly { i
s y found in ‘ bustee’
effect. stec ’ areas, also have a similar

Addition to ground water i
‘ it u 8 also hel i i i
slopes. Terrace > cultivation, oftenpfigr)r,xr(ixu;alzld‘:ﬁm;gro?egﬁ{

cing erosion, is not equally beneficial for the stability of slopes

Forests are given an undue i
; e importance in ;
o T Tk 14 e srvte i bk o o
O the other hand, small, dones yndergomtn s thick wed pro
LA ), unger rowth < .
%::'21901?1?8 ?tOth against slips and eros'ﬁm. Inans(ivt:a};flk t111rf M
jeeling it was seen that while unprotected soil slopes Ic):ol:fl?is ng;
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ordinsrily stand to heights of more than 20 feet, turfed slopes
safely stood to heights of 50 feet and sometimes even more.
Where the ruling angle of slope was 40 deg. turfed slopes stood at
steeper angles, up to 50 deg. to considerable heights.

Photo 2 : Aunother slip.

Creep.

Creep may be described as the movement, at an imperceptible
rate, of the material forming & slope. Slumping along roads,
which is recorded at long intervals, may be classed in this cate-
gory. The average rate of creep at many places is known to be
less than one foot in ten years. A very good example of creep 18
found in the slumping of the Cart Road to Darjeeling near mile-

stone 23.

In the case of a slip the stresses on the slope exceed the shear
strength of the material, but creep begins with a much smaller
stress. This is called the fundamental stress of the material.
When the stresses on the slope exceed this value, the slope
“oreeps *’, and if they become equal to the stress required to
produce shear failure, a slip occurs. Under certain circumstances
oresp may develop into & slide, and & slide may be “followed by
creep in theslipped material. This was the case at mile 23 of the
Cart Road, where slumping or creep Was going on in the debris of
an earlier slip. :

18
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Preventive Measures

‘dPloventku moasures are determined by the causes tonding to
produce a slip. These measures are :

(i) Reducing the angle of the slope ;
(ii) Preventing scopage ;

(iii) Drainage ;

(iv) Building retaining walls,

Theoretically, the stability of a slope ecar i

) ) § » can be >

reduc‘mg the angl§ of the slope. Actua.ll%, however lr:;;g?)aissego’z)i
practical proposition on natural slopes. T It s pOS,Sibl(; in onl
small parts of a slope and then, too, at the cost of some other B.I?f:
where the slope angle may correspondingly increase e

Prevention of Percolation and Seepage

The stability of a slope can be increase i
colation .by cove.‘,ring the portion of the slopg tzyl)c};rf()}l"’:tr;t(})ltg;gl l?er‘
layer of impervious material like clay. This will, howev yla
practicable for small areas only. Turfing, on the oth: 011‘, ()le
should be possible on every bare soil slope. ’ Turfed slo esr re)rzg»' )
stable up to a greater height than bare slopes owi\\g 11‘,)0) the f&lc?i

that clayey soil adheri 3 .
blanket):)nythe slope. ing o the grass roots ensures an impervious

Rocky slopes with open joi

‘ slopes | Joints can be made im i
grouting with impervious material. Grouting shou{)((lar‘i)muts 'b);
where the expense can be justified. ' ° e

Afforestation is also beneficial i
: rial as the seeretio
roots helps the formation of clayey soil. As exp];r),linfggnll)rgl\lr?ogf;

small shrubby under th i :
ramect y growth is preferable to big trees in this

COHSiS;eps:‘ge lsl due not only to direct rainfall on the slope under
eration, but also comes from adjoining ravines which carry

the run-off. T et :
tho Tun.-0 1ined‘0 protect the slopes near such channels, the latter

Drainage

Pore water pressure can be lessen i
ed by preventin
:ﬁec:’v‘; ::; ?ﬁ{tr}?llegl I?t?g kept within safe limits by drgi:ie:g &og:{s
_which might have already seeped in. Slopes f
%l:z'lg,);izzg ca,im%tlal bei dzained easily but those forme%qu (t:;i?l:do:rf
. In the latter case, installati > i
e oction naatnen sl nstallation of deep drains can
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Catchwater Drains

For protecting a small slope one drain along the upper boun-
dary of the slope is generally sufficient But for long and steep
slopes, several drains at different levels may be necessary to
ensure full protection. The drains should lead into natural gullies
which should be lined if necessary.

Adits driven into the hillface may also be tried. In the case
of rock, drainage by drill holes may he found cheaper than drains
and adits. The deill holes should he horizontal and more than
6 in. in diameter.

Retaining Walls

On slopes formed of impermeablo clayey soils which cannot
be easily drained, retaining or revetment walls are necessary for
protection against slips. But they are costly and shounld be: built

. only when such expenditure is justifiable.

In Darjeeling retaining walls are Dbuilt, in most cases, of dry
rubble masonry according to certain standard designs. Since
many of these retaining walls, including some bnilt of reinforced
concrete, failed it would appear that the standard designs adopted
need examination. In designing a wall the pressure exerted
against it should be computed carefully.

Photo 8. A road slip Jeading to the construction
of & costly stone retalning wall,
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Experience has shown that most of the retaining wall failures
were caused by unsuitable foundations. It may, therefore, be use-
ful to consult an experienced soil-technician. To be able to give
proper advice, he may have to collect samples of soil and test
them in a soil-mechanics laboratory.

The failure of some of the old stone revetment walls, and
also probably some reinforced concrete walls, is due to seepage
pressure. While the effect of seepage is usually taken into account
in designing revetment walls, it cannot be completely estimated
in advance. Seepage causes a seasonal variation of earth pressure
behind retaining walls, sometimes amounting to nearly 30 per
cent of the average value. It is, therefore, necessary to prevent
the accumulation of water behind a retaining wall.

Weep Holes

Relief is afforded by providing weep holes through the retai-
ning walls. It may be meutioned here that the reinforced concrete
revetment walls in Darjeeling werc not provided with weep holes.
The weep holes in the stone walls were found to be choked with
fine-grained material which had got in from the back. For all
practical purposes, these holes were non-existent as they were not
functioning at all. Again, these weep holes were merely in the
form of gaps in the courses of masonry. This practice allows
seepage through the joints in the masonry into the foundation at
the toe of the structure, and weakens the foundation. .A proper
weep hole can be provided by embedding a 4 in. pipe in the
masonry. Rows of weep holes should be spaced 5 ft apart verti-
cally and the holes should be the same distance apart horizontally.
About & cubic foot of crushed stone should surround the inner end
of each weephole pipe to prevent its being choked up. A layer of
crushed stone, about a foot thick, behind the entire retaining
walls, with a row of holes at the bottom of the wall, is expected
to prove useful in draining the backfill. The drainage from the
v{eep hﬁ)les should be carried off in a lined channel in the front of
the wall,

CONCRETE

PAVEMEMT CAN BE DESIGNED |
FORANY CONDITIONS
OF LOAD AND SERVICE .. .

.

‘ lombay-Poon Road

Whether for nations! highways, farm to market creteways
or aerodrome runways cement concrete pavement ¢an be
economically designed to carry safely any anticipated volume
and weight of traffic. For free advice on the uses of cement
and Its correct application write to The Concrete Association
of India, 82-84 Queensway. New Detlhi.

t
% 1ye CEMENT MARKETING COMPANY
OF INDIA LIMITED

sales Managers of PO

THE ASSOCIATED CEMENT COMPANIES LINNTED

THSTAS = CM|= 42,
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Continuous T-beam bridge
40 spans of 60 ft. clear
across the river at Pugalur.

*

GANNON DUNKERLEY & GO. (MADRAS) LTO.

CIViL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

Sole Licensees in South India for

THE ITALIAN ‘R’ SYSTEM OF PRESTRESSED CONCRETE.

*

Registered Office :
14, BOAG ROAD, MADRAS - 17.

Telegrams :  * VITOPUS »*, Madras.

Teleplione : 88316 & 88549,




MANUFACTURED AND
* SERVICED BY

'SHALIMAR TAR

(1935) LTD.

6. Lyons Range, Cgaicu_tta..

THE SHALIMAR TAR SPRAYER .
This light, hand operated .,
Sprayer has been specially .*
designed for Road wor
under Indian conditions.
It is very efficient, easy to !
operate and maintain and i§
sturdily built for long service.

PRODUCTS

For

PILING ao
FOUNDATIONS

Consult :

SIMPLEN concere piLes cwoiry Lo,

CALCUTTA MADRAS
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V. R. RANADE & SONS LTD.,

CENTRAL & PROVINCIAL PW.D
MILITARY & RAILWAY CONTRACTORN

Specialists in Well-Foundations
R.C. C. Bridges and Butldings
Asphalt and cement éoncret;
Road Constructions.

o
Head Office :
POONA -4,

Manufacturers & Suppliers of:
AIR COMPRESSORS
AIR LIFT PUMPING PLANTS
DIAMOND DRILLING PLANTS
ELECTRIC TOOLS, A.C. & D C
HICYCLE ELECTRIC TOOO‘I.S
MINING EQUIPMENT
PNEUMATIC TOOLS
VACUUM EXHAUSTERS

VACUUM PUMPS, &c., &c
THE | , .

Consouomeo NEUM
TOOL COMPANYPLIleegt.C

Contractors to the
glotirlllfbﬂ&t\giilli{‘t\[al Y', WAR OFFICE, AIR MINISTRY, INDIAN
BOMBA,Y enl YAYS, FOREIGN GOVTS,, RAILWA’YS a:}h
o ey A CUTTA KARACHI LAHORE F'1A ;
. .0. Box 806. P.0. Box 179. P.0. Box 185 P.O BDRTZS
. .0. Box 1282
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WARSOP

ROCK DRILL

The most modern

self-contained One

Man power-tool for

1. Stone Quarrying

2. Surface Mining

3 Prospecting

4. Trenching for power,
water & sewage lines.

8. Breaking concrete &
general demolition

BENFORD

CONCRETE MIXERS

Mixers from 5 c.ft. max.
input and 3} c.ft. max. out-

ut to 10 cft. input and
?c.ft. output—with Diesel,
Kerosene, Petrol or Elect-
ric drives—available from
stock

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-

nes includes: o

1. Jaw Crushers & Granulators

2. Gyratory Crushers ‘

3. Vibrating & Rotary Screens

4. Complete Crushing & Screen-
ing plants, capacity from 3to
400 tons per hour.

Apply for details to:-

Branches : — ‘ .
26, Errabalu Chetty St., f Garlick 6 Co.Ltd
G.T., MADRAS. TN —
Cox St., COIMBATORE, '1 JACOB CIRCLE. BOMBAY ti
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it in all climates. As fox-.l.hc e bl o —
— the world famous Foprzw\clr;ozotl;lhal"’e s B e 8
: : - e Perkins P.6 di

:npi::n give you a hxgh standard of reliability :ogp‘lhe: :ithklmh
g and low initial costs, The Tipper's heavy duty :‘;

steel body is specially designed

for hard wear. And its powerful

byd'raulic hoist — controlled from

the driver’s cab — gives a fast,

smooth, 48° tip. Ask us for

details of the Thames range.

FORD MOTOR COMPANY OF INDIA
LIMITED T
BOMBAY

ix

MILLARS’
MACHINERY

Concrete Mixers—Tilting and non-Tilting Types.
Asphalt Mixers—for Hot and Cold Mix.

Roller Pan Mixers—for Mortar.

Diaphragm Suction Pumps— for effective lift up to 25 ft.

Self-Priming Pumps—for handling Seepage at lowest
possible cost.

Tower Hoists—for speedy construction.

Complete Wellpoint Pumping Equipment—for dewater-
ing the only successful method of combating running

sand.
TIMBER

HARDWOODS - SOFTWOODS - PLYWOODS

MILLARS’ TIMBER & TRADING CO. LTD.

( INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 21.
Telephone . 41077 Telegrams: JARRAH

Branches and Agents throughout the World.

BARRON'S
STONE CRUSHERS

are giving invaluable service to Contrac-

tors, Road-Builders & Industries.
Excellent for crushing Granite,

Flint, Pebbles, Broken Tiles, Bricks,

Asbestos;, Rock, Pottery, Stone,
Metallic Oxides, Marbles, Limestone,

Stone Crusher etc.

Available in Four Sizes :
b, 12%x 8 3, 16"x8
2. 14'x¢@" 4, 18" %@

 Manufactured by :
M/S. W. S. BARRON & SON LTD., ENGLAND

The Western Manufacturing Co.

Hassan Ohambers, P-83, Ganesh 9, Tiramurthi 8t.,
; Paraee Bazar 8%., Chandra Avenue, T. Nagar,
BOMBAY, 1. CALCUTTA, 13. MADRAS, 17.

Phone No. 32284 CENTRAL 13128 Phonc No. 88514

[y
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THE BRAITHWAITE BURN & JESSOP
CONSTRUCTION COMPANY, LTD.

P.13, Mission Row Extension, Calcutta |.

CONSTRUCTIONAL ENGINEERS

. SPECIALISTS IN THE DESIGN,
FABRICATION AND ERECTION
OF BRIDGES OF ALL TYPES.

Caleroon Road Bridge, Trichinopoly D'i‘t"ict‘
24 spans of 100-feet on Masonry Piers.

A balanced cantilever cellular design Roads
Bridge over the Barakar River, Designed and
constructed by B. B.]. in 1949 for the Bihar, P.W D.

YBRAITHWAITE & CO.,

(INDIA) LIMITED

Sole Licensees in India for

FRANKI
COMPRESSED CONCRETE

PILING

‘ A
HIDE ROAD, KIDDERPORE, CALCUTT

8T~2!




xil

ACROW k340

_

MAN UFACTYURERS
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