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The Paper describes the various stages on design-amd construction of cement

coucretg pavement being laid on Agra-Mathura secction of National Highway

No. 2,

Determination of pavement thickuess on the basis of ‘A’ value and
controlling wheel load has been discussed. Testing of materials, design of
concrete mix and other relovant items connected with the construction have also
been discussed.
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1. INTRODUCTION

1.1. The Agr&-Mathum sectio Nabi i
’ ' a section of National Highw sarri
heavy tmﬁ‘ip. An estimate for providing cement conc;ete a);v(, mont
in this section wag sanctioned in August, 1960, in order to Eo i
the anticipated increase of traffic. The work has been sta,rte%e svgllxtl;}e]

time back and is in ' ,
in Plate 1 in progress at present. An Index Plan is given

1.2. The ca Irrige 1 i H 4
° e width in this sect 0
P 5 118 sect 0 eroad w id
to 22 ft about 4 years ago. ton of the road was wi ened.

2. DESIGN OF CONCRETE SLABS ON AGRA-
MATHURA ROAD

2.1.  The following f i
2.1 g factors were taken into consi i i
designing the concrete pavement : tderation whilo

i A and weivh . .
(i) tr;nﬂgg‘nt, type aud weight of present and anticipated

(if) Supporting power aud character of the subgrade,

(iii) Climate of the region i ic /i i
Climate of g in which pavement is to be

(iv) Strength and quality of concrete to be used.

2.2, Traffic Data

2.2,1, For determining the wheel load cha istic
census was carricd out on this road. The dat;acctjﬁéii?cf’ixtriﬁﬁc
traffic census is given in Table 1. Seventy per cent of this:: ﬂ‘is
was assumed to pass on one lane. 1t has also been assymed tha.?t} o
intensity of ?raﬁxc in next 30 years will be double of that of tlie
present traffic. The number of wheel loads thus evaluated und :
various groups are given in Appendix 1. o

2.2.2. The designed life of the pavement is taken as !
or 31 x 385 = 10,950 days. This il:igure when multipli:?l &g ye:}fs
value of wheel loads under various wheel load groups give?;: thc
total number of load repetitions of each wheel load group which o
anticipated during the designed life of the pavement. The numg;f-
of load repetitions per day that will. produce 100,000 repetitions

during the designed life of the p ; 10 0’00_0_ =
g gr ife of the pavement comes to 30 % 365 = 91.
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TasLe 1
Traffic census data
( A gra-Mathura Road)

(June 1961)

Average number of com_mercial & o= T8

vohicles (both directions) g3 R

| e TR
Sl . . ; T 4 ] z o o O m
No.’ Loucation 1nile '8-\% ] ”é—? ‘ T { 22 i goé Y « gD,E, a%
i T8 0 2E % SE | ES3|zEGEZ
gS | & ] == G B | SEQQ
Ly £53 e
J S 05 A 57123208 s

!

1 Milo 756/6 164 73 138 26 1,954 2,820

2 Mile 7713 155 33 103 3 1,620 1,841

3 Mile781/2 121 40 121 12 =1,480 1,775

Average for the
gection 147 49 121 14 1,688 2,048

Total No. of comiercial vehicles = 331

L
iy

Npl:é?_:p—F01' caloulating total tounago, following laden woights have bcen
; assnmed as per U.P., P.W.D,, practice for traffic census:

rucks—2 ‘tons; Loaded bus—

% Loaded trucks—7 tons; Unluaded
Other vehicles (non-

v 4} tons; TUnloaded bus—1} tons; Car—1 ton ;
prnewmatic)—3 to 14 tons.

993 Tt is observed that the number. of load repetitions per
day is higher than 9.1 in all cases. The controlling wheel load,
which is taken as the average of heaviest100,000 of the anticipated
whoel loads coming over the pavement, comes under group wheel load
of 9,000 to 10,000 b (being 8,800 1b). Taking the maximum of this
group with 20 per cent impact, the controlling wheel load comes to
10,000 Ib 4 20 per cent = 12,000 Ib, Appendix L ‘

2.3. Subgrade '
231, In order to examine whether the soil in this section of

‘the road conforms to the standard specifications, tests were carried

out on the soil samples taken out from the subgrade in various
miles, Table 2.

2.3.2. For determining modulus of subgrade reaction ‘k’, the
bituminous coat on top wus removed and stone water-bound maca-
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TABLE 2

Showing results of physical tests on soil samples
from Agra-Mathura Road

S ests m——

A rhero’s 1Tim o = 8 o
Location |___ __tfellﬂg,s limits E'g Fﬂm: g ' PR.A,
S1. No. T gEEE ) Grow
mile LL | pL PIL | 253k | Clossitica-
| RS S tion
j! — —— R
1. 768 Non-plastic 75 A-3
2. 763 18.4 17.0 1.4 02,5 A4
3. 769 Nou-plastic 73.4 A-3
4. 769 245 17.3 7.2 39.7 A-4
5. 770 | 18.1 15.7 24 63 A-4
6. 770 10.0 17.0 2.0 64 Awd
7. 771 20.5 L7 3.8 24.6 A~d
8. 771 20.2 153.5 4.7 243 A-1
It brle I3 M
0, 772 Non-plastic 71.4 A-3
10. 773 Non-plastic 71.1 A-3
11, 773 19. ) 2.6 R
0 16.4 2.6 43 A-4
12. 714 lou-plastic '
77 Non-plastic _— A3
13 776 213 16.3 5.2 52 A4
14. 778 Non-plastic 57 A3
15, . ~
5 779 213 16.8 4.5 34.2 A-4
16. 779 Non-plastic 68 A-3
17, 780 9.: : X
] 19.3 16.2 3.1 42.3 A-4
8. 78 :
1 0 17.0 13.2 3.8 58 A-4
9, 78 Non-plasti '
1 1 Non-plastie 74 A-3
on . .
20, 781 Non-plastic 70 A-3

dam surface was cxposed. A very fine la ;

the exposed surface, over which ‘2 12-in, ysira,x;ié?ngte:la ° ?al.ltL o
placeq and a.mdjusted true to level. A jack, connected to a,P o
a flexible pipe, was then placed on top of the plate. For (?b‘;m'p oy
reaction of the plate, two trucks were arranged, which were ;i:égg
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back to back with some spacing. These trucks were loaded with
jute bags filled with earth. A frame consisting of steel joists or steel
trusses was attached to the back of the trucks and the centre of
the frame was touching the top of jack in such a way that when
jack was operated by pump and lifted, the frame was also lifted
which in turn was held down by the loads of the trucks on both
sides and the reaction was thus transmitted o the plate.

2.3.3. A datum frame was put on the ground adjacent to the
jack to which dial gauges were fitted. These dial gauges rested on
the plate to record settlements,

After initial adjustment, loads were applied at regular intervals
and gorresponding ~settlements recorded. Some of the results
obtained are given in Fig. 1.

2.3.4. The load intensity (P inlb per sq. in.) which caused
0.05 in. settlement was determined and the ‘&’ value was given by
PJ.05. This value of ¢ &’ was for 12 in. diameter plate.

2.8.5. TFor design purposes, ‘ k’ value corresponding to 30 in.
diameter plate is used. A correction factor was, therefore, applied.
It has been observed? that ‘k’ value for 30 in. diameter plate is
about half of the ‘%’ value for 12 in. diameter plate. The results
of ‘I’ value for 30 in. diameter plate are given in Table 3. It will
be observed that the ¢ &’ value of the subgrade varies from 495 b
per 8q. in.[in. to 930 Ib per sq. in./in. at four locations. At two
locations, ‘%’ value of subgrade was evaluated after applying
correction for saturation with the help of C.B.R. test and the value
came to about 320 1b per 8q. in./in. which is considered satisfactory.
The possibilities of lowering of ¢ &k’ value due to change in moisture
content are remote as the water-table is quite low and the soil is not
clayey. For a concrete pavement, the  k’ value after correction for
gd;r_erse moisture content should not be less than 150 1b per sq.
in./in.

2.3.6. The ¢k’ value on water-bound macadam in the central
portion (which is old) was found to be 1,120 1b per sq. in./in. The
crust consisted of stone water-bound macadam and kankar with
bituminous carpet or surfacing coat on top. In the widened
portion (on sides), the ‘k’ value on water-bound macadam was
found to vary from 510 1b per sq. in.[in. to 1,180 1b per sq. in.[in.
The crust was made up of premix carpet, stone water-bound
macadam and brick soling. The ¢ &’ value was also determined on
the recently consolidated water-bound macadam surface on a
super-elevated portion of a curve and the value was found to be
872 1b per sq. in./in. It is considered that the minimum ‘ % * value
of existing crust should not be less than 500 1b per sq. in.fin.
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2.3.7. Tests on a few samples were carried out to determine
shrinkage characteristics and these results indicated that lineal
shrinkage varied from 0.5 to 3.0 per cent and volumetric shrinkage
on the basis of wet soil varied from 8.6 to 15.8 per cent. The
maximum permissible volume change in the soil is 17 per cent and
lineal shrinkage 5 per cent. '

2.3.8. The results of soil test, Table 2, indicate that the soils
generally belong to A-3 and A-4 groups classification (P.R.A.) and
are not of shrinkable nature.

2.4. Climate

241 The temperature variation, however, is considerable
being 112°F. in summer and 36°F. in winter. These have to be
congidered in fixing the length of slabs,

.0, Stresses in Concrete Pavement

2
2.5.1. Concrete

2.5.1.1. Studies were made to determine the most economical
sfrength of concrete to be used under existing conditions. The
thickness of concrete pavement was determined for ¢ &’ value of 500
b per sq. in.[/in., controlling wheel load of 12,000 lb (including
impact) and different modulii of rupture ranging from 500 b per
8q. in. to 650 1b per sq. in.!, Table 4.

2.5.1.2. Assuming cost of materials as existing at present, the
total cost of materials for diflerent thicknesses of concrete pave-
ment per mile was calculated, and is also given in Table 4. From
the Table, it would be scen that the cost of concrete pavement per
mile does not vary very much with different thicknesses when using
mixes possessing different flexural strengths. For the purpose of the
design deseribed in this Paper, a flexural strength of 550 1b per sq.
in. has been adopted.

2.5.2. Stress computation

2.5.2.1. When a corner of a pavement is curled upwards
because of differentials in moisture content and temperature between
the top and bottom of the slab, the support of tho subgrade is
reduced. Dr. Gerlad Pickett has developed semi-empirical formulae?
for the above condition by assuming that subgrade support is
lacking for some distance from the corner when a slab corner
is curled upward. Design chart in Fig. 2 gives a solution of the above
formula for protected corners,
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TasryE 4

Showing cost of materials for different thicknesses
of concrete road for different flexural strengths

™ 2 [ w
|2 15433 |8838E 20 | 3 |48 ek
Bty ?oﬁﬁ 8'5'%‘ g8 2 o% hed Es% B &
eyl [
S| wi | CHEE (w328g| ERgE | § |87% 5%
4| oz |88 5 |p22%8| 852% | £ |885! Fg
» - St n & 2 =
3| o2 |3 Ea|iFied Eagi| P |l.s| E
\ Eg ﬁ'rn"ﬁs Og-gg§ e B 3 EEQ )
‘ ot Lhad |ZETAL | MRALS | 3 | BEEA é:n.
- =]

° 3 = - -~ Rs Rs_‘_

1. 5250 500 8in. 1:12.25:3.25 0.30 22160 1,71,600 app.
2. 8775 AN (155) Thin, 1:2:3.0 047 23730 1,65,500
3. £300 G0 (7.2 ) Thin. 1:2:250 043 239.00 1,68,000
4. 0825 850 (6.75) 6} in. 1:1.73:2.25 0,39 25240 1,65300

*Note :—(n) The following costs of materials have heen adopted :

1. Cement ... R 6.75 per bag (112 1b)
2. Sand ... Rs80 per 100 cu. ft.
3. Stone ... Rs 9 por 100 cu. ft.

() Cost of labour and other items have boen assumed to be the
samo for all the mixes,

2.5.3. Design of thickness

2.5.3.1. Concrete cubes and heams were cast for preliminary
trials. The test result of these beams and cubes using the mix
designed for 4,000 1b per sq. in. minimum compressive strength
(5,400 1b per sq. in. designed strength) was found to give a ﬂexpral
strength of 550 1b per sq. in. in 28 days. Tt was, therefore, decided
to adopt floxural strength of 550 b per sq. in. at 28 days for design
purposes. This gives a working stress of 270 1b per sq. in. with a
safety factor of 2. For a controlling wheel load of 12,000 1b and * &’
value of 500 Ib per sq. in.[in., the design chart, Fig 2, gives a pave-
thickness of 7.55 in. Thus, 7} in. thick concrete slab has been
provided. In practice, the thickness of concrete slab will vary from

7} to 7} in. due to irregularities in the surface.

2.5.4. Fatigue resistance

2.5.4.1. As traffic data available was not sufficient, the total
percentage of fatigue resistance of the designed thickness that will
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STRESS IN LB PER SQ. INCH
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be consumed by wheel load groups (having a safet

2), during the designed life of the‘pavemengt could gotfaif: 02:?33 t’? a]n
Theoretically, according to Portland Cement Associatio e
limit of fatigne resistance consumed by the anticipated traﬁin’ the
be 100 per cent. On all, except the most heavily travelled roc goul.d
is safe to exceed this limit by approximately 20 per cent y % it
reasons for this are that not all the wheel loads in a gron : il ho
equal to the heaviest for that group as has been assumed, thep c(:rv]lcreléz

IX INCHES
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D
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throughout its life will have a strength well above 28 days strength
used in the design and the fact that the load repetitions are
distributed over a period of years with a considerable time for
recovery between loads (especially between critical heavier loads)
reduces the effect of fatigue. '

2.5.4.2. The designed thickness of 7} in. on Agra-Mathura
gection has been evaluated on the basis of maximum of wheel load
group 9,000—10,000 1b plus 20 per cent impact and hence it can be
assumed that this thickness would prove adequate from traffic,
strength of subgrade and fatigue considerations.

2.5.5. Strengthening of edges and corners

2.5.5.1. The stresses produced by loading are greater at edges
and corners of the concrete slab than in the middle portion.
Consequently, if a balanced design is to be ohtained, the edges and
corners must be strengthened.

9.5.5.2. There are several methods in use, viz., thicknening the
cuter edges of the road, constructing a concrete beam or sleeper
under the slab at the side of the road, extending the slab under the
kerb or extending the base beyond the outer edges of the slab.

2.5.5.3. Widening of the base to at least 12 in. beyond the edge
of the concrete slab is recommmended if kerbs are not used. Such a
widening gives additional support to the slab edges and gives extra
protection against changes in moisture content in the subgrade near

slab edges.

2.5.5.4. Widening the existing road (22 ft wide) to 25 ft has
been adopted in this project. 2 ft wide soling with flat brick 3 in.
thick was provided on both sides, followed by 2 coats of local stone
metal each 4} in. thick consolidated to 3 in. in a width of 1} ft on
each side, thus providing a erust thickness of 8} in. to 9 in.

2.5.5.5. As the concrete slab is 7} in. thick, and is placed on a
good foundation, it was not considered necessary to strengthen the
corners hy providing hair-pin reinforcement®.

256. Inter-face between slab and subgrade

2.5.6.1. The range of variation of temperature and its rate of
change will be greater in a concrete slab than in the foundations and
as a consequence, the slab will tend to slide over the foundation.
This sliding will be restrained by friction between the slaband the
base. To reduce the friction, the concrete slab waslaid on the
existing black-top surface’ on which irregularities were re-
moved by laying lean concrete. The concrete slab thus ecame in
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contact in major portion of its area with the lean concrete surface.
Efforts were made to make the lean concrete surface as uniform and
smooth as possible. Use of waterproof paper or polythene film over
the lean concrete surface would have reduced the friction but it
would have been costly.

3. DESIGN OF JOINTS

3.1.  Joints are either transverse or parallel to the longitudinal
axis of the road. Tn order to be effective, they must :

(i) limit the effective length of the slab, thereby limiting
the stress due to subgrade restraint; '

(i) provide space for the slab to expand hoyond their
original length,

3.2. Expansion Joints

3.2.1. These joints control transverse cracking. They relieve
compressive stresses that develop when a pavement expands by
providing space into which slab ends may move. The expansion
joints thus completely separate adjacent slabs, the space being
filled .with a compressible material and top of joint sealed with a
sealing compound. The spacing of expansion joint adopted
is 120 ft when constructed in summer and 90 ft when constructed
in winter, i.e., when shade temperature is less than 20°C. The
joints are 1 in. wide,

3.2.2. Dowel bars

3.2.2.1. Field experience shows that dowel spacings should
neither exceed 18 in. nor be less than 8 in.  Further, the clearance
hetween outside dowels and pavement edge should be within the
range of 4 in. to 8 in.

3.22.2. From Fig. 3, for K=500 b per 8¢. in.fin. and
d=7.5in., the length and spacing of a } in. diameter dowel have
been found to bel3 in. and 8 in. respectively. These are based on
Je=30,000 psi. and f,=1,800 psi. The length depends on

ratio ofJ .‘:f © As ] in. diameter dowel bars of mild stee

would be used, f» would be 18,000 psi. The permissible bearing
pressure on 1:2:4 concrete can be taken as 450 psi’
Thus the length of 3 in. dowel bars in this case would he
1,800 18,000

=13 im X/ g0000 XA 4Ee = 13X V24=13% 1.55=20 in,
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PAVEMENT THICKNESS IN INCHES
i 5 2 @ 2 o d = 2 o 9

) : N '— ! _
} |
i /,.L —
1 A1 :
N N Wi T ;/
s / | D4
\ / ! /
< 5N y A
) ] \'l" / /
SRNEN )4 il y
TN A+ .
R N // l//
1~ * / y
PRGN VAP O A
- ' oL D/ \\ A\ ‘t
' ARHRY N A1 ]
3 IV 4AR NN RANY. AP )4
LA T T INAN Y Aa3
3 d AN N ]f
T I /4 SV A1 E
_A M A 3 1
B 40BE .9{’/\ N H
pAaAv I END AN
/S AL S\
O -~ TOT T4 AT 2
KIX T T RN N
pd AN A lY %)
/ E:N ’ % \ 5
A D A 1/ RGN
) ARENEVAUED P é‘g\z‘i\
ARNERW A 4 "f}j\z Kl nd
i s [S{a®
\ N\ A4 % 4oy
VA N L M
L6 \ A 345
\
¢l _3 ='¢
by X%
‘e .e‘ Y d,"
1 X" 5he - ()
A AN VAR L
b 4 "’\['/ jC 1
o = 2 > ® " ® °

DOWEL SPACING IN INCHES
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Actually 1 in. diasmeter bars 24 in. in length have been provieded
at a spacing of 12 in. Details of joint are given in Fig. 4.
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I'ig. 4 Details of joints

Tie-bars to prevent opening (4 in. dia.
3 ft 6 in long spaced at 2 £t centres,
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3.3. Contraction or Dummy Joints

3.3.1. Contraction joints in unreinforced concrete pavement
are to be spaced at intervals which will control cracking. Local
experience is the best guide for determining spacing. A spacing
of 20 ft has been provided for slabs laid in summer and 18 ft for
winter.,

3.83.2. No dowels have been provided across the contraction
joints. This has been done on the consideration that the slab
lengths are short, Therefore even under conditions of maximum
contraction only a very small joint opening will develop. The
interlocking of the aggregate particles at the faces of the joint will
provide a substantial and adequate amount of load transference,
thus making the use of dowels unnecessary.

3.3.3. As stated elsewhere, 10 per cent lengths are being
provided with reinforcement (wire fabric). But, at present,
no consideration for increasing the spacing of contraction joints
in reinforced slab is being made. Portland Cement Association
suggests maximum spacing of 40 ft in such cases with dowelled
contraction joints’. It is, however, necessary to ensure that
no reinforcement should be carried through contraction joint.

3.3.4. A plane of weakness is induced by means of a groove as
shown in Fig. 4, When subjected to tension, the slub will crack at
this point and the crack will be permitted to open. The groove
is to be kept filled with sealing compound to prevent any moisture
ontering the subgrade. .

3.4. Longitudinal Joints

3.4.1. The longitudinal joints\ have been yprovided in the
centre as:the road width exceeds 15 ft. These joints prevent
the formation of longitudinal cracks which will tend to occur in
a slab of greater width.

3.4.2. No reinforcement has been provided across the longi-
tudinal joints although some authorities recommend * hinged joint’
for this purpose by providing bonded steel to give relief for
flexural stresses caused by curling of the slab. Plain butt joints
have been provided as shown in Fig. 4.

3.5. Construction joints

3.5.1. When unavoidable interruptions occur in the progress
of work, a construction joint is introduced. It is, however
desirable that the day’s work should finish at an cxpansion or
contraction joint,
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3.5.2. Details of construction joints are given in Iig. 4,
which provide a groove on top. Tie-bars } in. diameter, 3 ft 6 in.
in length, have been provided at 2 ft centres, bonded throughout the
length.

3.5.3. Design of tie-bars

3.5.3.1. The tie-bars are used across the joints wherever it is
necessary or desirable to ensure firm contact between slab faces or
to prevent abutting slab from separating. These are designed
to withstand tensile stresses only and not to act as load transfer
devices. The maximum tension in the tie-bars across any joint
is equal to the force required to overcome friction between pave-
ment and subgrade from the joint inquestion to the nearest frec
joint or edge.?

3.5.3.2.  Area of steel A, in sq. in. required per ft length of

. . bfW
joint = o

where b = distance between the joint in question and
nearest free joint of cdge in ft.

J = coefficient of friction between pavement  and
subgrade. (The value ranges between 1 and 2.
‘It has been taken as 1).

W= weight per sq. ft. of slab in Ib.

S = allowable working stress in steel in psi
(18,000 1b per sq. in.),

144x15 1

In ¢ = oee— -

our case, IV 3 X i3
= 901b

b can be 18 ft or 20 ft. Lower value has been adopled.
_ 18 x 1.0 x 90 .
s = 18,000 = .09sq, in,
The spacing of } in. diameter bar having an aren of

: 20 x 12
0.20 8q. in. = =X 12
8q. in 09

26.6 in,

Phote L

Showing instaliution of a pump
in a pit to pump out water fram
well to the water tunk

B ei— . &

Phota 2

Compaction of the concrefe pavement by
screed-hoard vibrator



Photo 3

Compaction of concrete by poker vibrator
at sides

Phove 4

Showing the concrete surface being finished
by 4 brush. Also showing the fixing
arrangements of channel forms

Phoio 5

. . PRt Showing dowel
bars at expansion

joint

Photo 6

1.ifting the fillet

from the expan-

sion joint by a
lever

Phota 7
The completed
concrete road
opened to traffic
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3.5.3.3. The length of tie-har should be at least twice that
:gquired to develop a bond strength equal to the working stress of
e steel.

2x8x 4
Thus L = 2.~ 7.2 2
U8 = 5 (bond) X P
where L = length of the bar in inches.
S = allowable working stress of steel in psi {18,000 psi)
4

i

ff

cross-sectional area of one tie-bar in sq. in. (= .20
for } in. diameter bar).

P = perimeter of tic-bar in in. (1571 in, for } in, diameter
bar).

f (bond) = working stress in bond
= 100 1b per sq. in. (for 1:2: 4 concrete)

L L= 2% 18000 x 20

100 x 1571
7,200 \
-TET = 45.8 in.

The actual length of tie-bar provided is 42 in. at a spacing
of 24 in,

3.6. Design of Distributed Steel for Reinforced Slabs

3.6.1. Distributed steel is used in concrete pavements in the
form of welded wire fabric or bar mats. Its principal function is
to hold together the fractured faces of slabs after cracks have
formed. Adequate load transmission across the crack is thus
assured (by the interlocking action of the rough faces of the crack)
and infiltration of incompressible materials into the crack is
prevented. These fine cracks are harmless features of reinforced
concrete roads and are not detrimental either to its performance
or its life,

3.6.2. Reinforcement does not increase the flexural strength of
an unbroken slab when used in quantities which are considered to be
within range of practical economics. In unreinforced concrete, a
crack can develop into & major defect through spalling of the cracked
edges. Where, however, pavements are jointed in a manner that
will control cracking, distributed stcel has no function.

3.6.3. It is more economical to place joints at fairly close
intervals and reduce»the weight of reinforcement required. :

2
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3.6.4. Like tie-bars, the distributed steel is designed to
withstand tensile stresses only. The maximum tension in the steel
members across a crack is equal to the force required to overcome
friction between pavement and subgrade from the crack to the
nearest free joint or edge. This force will be greatest when the
crack occurs ut the middle of slab. Distributed steel is designed to
withstand the tensile stresses when a crack develops at this loca-
tion and for practical considerations, the same steel is usually used
throughout the length of short slabs. On longer slabs (over 50 ft),

saving can be realised hy lighter steel for portions of slab near its
endst, .

3.6.5. Amount of longitudinal and transverse steol required
per ft width or length of slah is:

_ Ly
: 25

Where A, = area of steel in sq. in. apd L = distance in ft
between free transverse joints whe}l calculating longitudinal stee]
or between free longitudinal joints or edges when calculating
transverse steel,

f = coefficient of friction between slab and subgrade.

The value ranged between 1 and 2 and has been taken as 1.0,

W = weight in 1b of 1 sq. {t. of slab.

8 = allowable working stress, psi of steel (as hard drawn

steel wire is used in mesh reinforcement, this valye
is taken as 27,000 1b per sq. in.).
W o= 15/2 x 1/12x 144 = 90 Ib per sq. ft.
A, (longitudinal reinforcement)
Lfw. 20xIx9 )
= =55 < 9%91.000 = 033 sq. in,
ti e reinforcement) = 1Ix 1% 90
Ay, (transvers = 2% 97,000
= 018 gq. in.
3.6.6. The most common type of mesh is 3in. x 12 in,, spacing

hetween (main) longitudinal bars‘being 3 in. and that of transverse
bars 12 in. The reinforcement is provided in the form of sheets.
Use of reinforcement supplied in rolls is not recommended. B.R.C.
welded fabric (No. 109 as per B.S. 1221—45) provides S.W.G, wire
No. 5 for main reinforcement and S.W.G. wire No. 10 for cross
(transverso) reinforcement at above spacings,  This gives o
gectional area of longitutional wires as 0.14 sq. in. and sectional
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area of transverse wire as 0.013 sq. in. per {t width. Thus B.R.C.
fabric No. 109 (B.S. 1221-45) is suitable. The weight of this fabric
is 4.71 1b per sq. yd.

3.6.7. The reinforcement is preferably placed in single layer
near top of slab as top reinforcement is easier to place and provides a
greater insurance against crack opening in the sul:face than bottom
reinforcement does. In addition, it is then easier to ensure that
concrete near bottom of slab is fully compacted.

4, DESIGN OF CONCRETE MIX

4.1. Materials

4.1.1. Coarse aggregate

4.1.1.1. The samples of Faridabad (Delhi) stone, Bayana stone
and Delhi-Punjab range stone were tested and the results are given
in Table 5.

TABLE 5

Showing physical properties of stones

A .
Los Angeles Aggregate ggregato | Water

: impact crushing | absorp=~
Sl No. Stone abrasion valuc lvslue value g tion
per cent percent | percent | per cent
1, Dolhi-Punjab range 27.25 13.84 18.84 0.33
2, Bayana stone 23.3 15.15 19.85 0.50
3.  Delhi (Faridabad) 34.5 17.65 21.25 0.70
Specified limits 49 30 —_ —

4.1.1.2. Results indicate that t;,hese. stones conform to 1.8,
Specification 383—1952 and the specifications of cement concrete
road construction®* (i.e.,the aggregate impact value not to exceed 30
per cent and Los Angeles Abrasion Test value not to exceed 40 per
cent).

4.1.1.3. The maximum size of coarse aggregate used is 1{ in,
Two sizes of coarse aggregates, viz.,, 13 in. and } in,, have been
collected separately in order to obtain a grading in the ratio of 75
per cent of 14 in. size to 26 per cent of { in. size by weight. The
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following grading limits were specified in contracts :

Porcentage by weight rotained on LS, Sieve

1.8. Bieve e h"wf{‘i{lﬁ }a‘&éa" :
1} in, size | } in, size - graded
oniruct bon) | (ontrnctbond |7 G0 e
1} in. 0—5 0 0—5
7 in. 40—90 0—5 30—70
3/8 in, 100 0—60 65—90
3/16 in. 100 90—100 95—100

It was, however, felt that instead of collecting two sizes of
stone, three sizes, viz., 1} in., in. and 3} in., would have been
collected in order to obtain better grading.

4.1.2. Fine aggregete

4.1.2.1. There are two possible sources of coarse sand, one
from Chambal river and the other from Badarpur (Delhi). Due to
greater distance involved, Badarpur sand is not available at the
cost of Chambal sand. In Chambal sand also, fine and coarse varie-
ties are available, the coarser one being quarried near Dholpur side.

4.1.2.2. Many samples of sand were tested for determining
grading and fineness modulus. A typical grading obtained was ag
follows :

v I Percentage by wt, passing sieves sy |
g . - - R - ; < 5
v % e ! No.| No. No. | No, | No, |2 1€ | B
Details of w571 og0f 120 0 60 . 30 | 16 {5 % B
sand Ll ! : b e =z é @
236 f §o/%s 8o
Bg 0T M2 52 100 (55 85| B
Aig| | ! il &=
T T I i i P Ty T
Grading zone 1 90-100] 80-95 30-70|15-34 5-20' U-IOJ | - { —_
as specified l : ! ' J ; }
; . ‘ ,
Grading zono 2 90-100{75-100! 53-90 35—59! 10-30 0—10‘ — } —
as specified ! ? )
J I
R N I Y I D R e A
Chambael sand 98:04 106,58 :90.80 177,90 |16.84 | 1.50 12,17 | 2-3 |Nomi-
(typical gra- ‘ 1 f per | nal
ding) i 1 ; cent
R |
P W.D. Speci- 05100 85-95 | 55~85 1 30-60 lO—-BO] 05 | — — —
fication ‘
(approx.}) j t
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4.1.2.3. 1t was stipulated in the specifications that ““a fine
aggregate whose grading falls outside the limits of any particular;
grading zone on sieve other than 1.8, No. 60 by a total amount not
exceeding 5 per cent shall be regarded as being within that grading
Zone. No tolerance is allowed for fine aggregatein any of the
grading zones on the coarser limit.”

4.1.2.4. It would he seen that although the sand used is quite
suitable  for concrete work, it is not complying with the
grading limit specified for 1.8. No. 60 (B.S. 25) sieve. This could
not be helped as the sand is a natural sand and this deficiency is
noticed in almost all samples tested. It is also seen that the
concrete produced by using these aggregates is of good quality and
as such no further improvement in grading of sand was considered
necessary as that would have increased cost.

4.2. Water
4.2.1. Testing of water

4.21.1. Samples of water from wells, which would yield
sufficient water,. were collected and tested.

4.2.1.2. The main difficulty lies in selecting water suitable for
cement concrete work, when it contains some salts like sulphates
or chlorides, etc., as there are no specified limits for the same.

4213 A ASHO. Designation T-26-35—Standard method
for test for quality of water to be used in concrete includes tests
for (a) acidity and alkalinity (pH value), (b) total solids and
inorganic matter, and (c) comparison of the given water with
distilled water by making standard soundness, time of setting and
strength tests with standard sand. Tt is specified that any indica-
tion of unsoundness, marked change in time of setting and a
variation of more than 10 per cent in strength from results obtained
with admixture containing the water of satisfactory quality shall be
sufficient cause for rejection of water under test.

. 4214, Abraham suggests tolerance u.pto 15 per cent in redue-
tion of strength. Some authorities suggest following limits of
soluble salts:

Sulphates—25 parts per 10° parts.
Chlorides—25 parts per 10° parts.

4.2.1.5. The results of tests on water samples are given in
Tables 6 and 7 and they indicate that some wells contain water
which have high percentage of soluble salts. These have not, there-
fore, been used for the cement concrete work. '
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. o
TABLE 6 P n o 3
Showing results of chemical analysis of samples of water g §’§ PO }fé
T ; 1 f 3} g g g .
a8 ! [+ | == e X
= 5?‘5 w | 8"' S ! Mz A @ ! X 2
So | SRAL 1 E3 i3 =g 2 = = ' s g
SLNo.. 2 | " 2 Zwa S%p | 522 252 | & o = 8
3 z 8 T EE ‘ 2EE | 2EE &% g = 8 B 8 8 | e S
= 28 s & B8 T 8% | SRR (2 dA | & g O S g o
k &~ | k
Z ) 5B
) g = o= = = o T
1. 786 7640  Xil 3200  1l4¢  Nil 585 EEEREER AL
2. 167 1,2006 3.6 55.00 50837 160.00 5% ~ - g
3, 768 4680 Wil 26.49 856 Nil PR (R R 8
4. 769 6260  Xil 40.66 1372 4.40 £ B EEEEEEE
5. 710 12080 485 6284 3618 8.22 2 o £ & & 88 8 | 8
6. 711 22780  3.64 6161  99.06 3.70 - 252 8 gz
7. T2 163.00 3.3 1905 77.59 8.20 ° ERE ~ 5 8§
8. 773 646.60 242 7385  300.40 Nil @ BE E T3 5 28 ¢ 8| by
9. 774 23660 1212 11820 8140  Nil B 2~ - - " g é’
1. 775 123560 il 493 530.05 58.07 g ' Ly
. 76 2439 485 5422 9425  Nil 8 | . |l 28
) ) o m - * =
12, 7 2886 2000 11090 10608  Nil p 515!; §5. 15 8 8235 & ¢ <
13. 778 2416.60 242 9LI8 96330  206.16 ~ O | BETLA | o | s & ¥ = B A) T8
4. 779 76360 3878 167.58  260.69 12.86 M g | 8%§&g 83
15 780  1,02680 5818  187.20 35496 95.15 2 2 | §%g35 |, . | 5%
16. 781 16140 2666  108.43 15.30 Nil = o b g 2 la 2 8% 8| 224
1. 7198 5171 . — 2088 1884 s | §S5% SO T T - -
18. 7802 3350 - - = 10.77 76.60 = | o= ' o4
— _ AU £ s
19. 780/6  48.0 4.23 13.49 R ETW -y
2. 7818 79.0 — — 452 5.69 e | 2§45 Y % o B
BBk f a 25 3382|288
pH values b di gg-a ~ B B =@ A 73
21, T 10200 — - 29,76 14.96 808 EoFge | 58
(right side) g1]1°® ERE 2% g
22, T3 1,02940 — — 446.40 9979 7.80 213 ggf:*’ 21 e a5 0 2| fob
(right sido) [ S & o 3 8 &8 8 = & ~ CI A
23. 771/Inspec- 33610  — - 14880 3395  7.80 SN BT g @
tion House 8 o2
24, TIE 24220  — — 126.11 1130 7.8 " ERE
(Teft) $ g1 s:%
2. TN/T 30450  — — 13132 118t  7.80 B o o 5 | 393
(left) 5 - ngE
2. M8 80.30 — — 22,32 354 8.5 g R RER 2| L
(left) P o o F i B&
=] - . - . I
mo TG 1T - ~ 4129 1623 8.00 3 g ¢+ ffadal sgg
right; S 3
28, T71j9 14420 — — 62.12 1352 170 Ry
(oft) s - ‘@ < e
20. 1772 (right) 145.50 — ~ 176.70 4590  8.52 : - e 53
»

Note :—Total soluble salts parts/10° parts (less organic matter) in samples
at sorials 17 to 20 are 514.6, 333,3, 44,08, 77.4 respectively.



420 VERMA AND CHATURVEDI ON

4.3. Design of Mix

4.3.1. The design of concrete mix was made earliar on the

basis of minimum compressive strength of 4,000 1b per sq. in. at 28
days.

4.3.2. Cement, sand and coarse aggregate in ratio of 1 : 2:4 by
weight, in which the ratio of coarse to fine aggregate was 3 to 1,
and water-cement ratio of 0.50 was found to produce concrete of

required strength (4,000 1b per sq. in. minimum in compression),
workability (slump 14 in.), and compacting factor (.85 —.92).

4.4. Field Adjustment

4.4.1. Trial slabs were laid in the field with the designed mix
as well as two other mixes which were 5 per cent leaner and 5 per
cent richer. Cubes and beams were also prepared and tested.
Results are given in Table 8. ;

TaBLE 8
Results of preliminary tests on cubes and beams

KN Lo o
3 §’3 s 2 1 28-day results
& o =13
¢ - A N
P2 © g & g | g 2 & — ~ | Romarks
] L v g pe] & 2 ﬁ 8=
% 22 £2%| & | & | g | 23%
58 255| &8 | 5| £8¢ | £k
% 8 o'E 3 = B ~Eg A
A & Z Jo | 8% | 4%
1. Preliminary
tests 1:2:4 050 0.945 5,800 573
2. Trial slab
(ficld) 1:2:4 050 0.925 >6,400 510
3. Trialslab (field) 1:2:4 050 0.945 > 6,400 460* *Qne beam
(5 per cent tested
richer)
4. Trialslab (field) 1:2:4 050 0.945 >6,400 500*
(3 per cent
leaner)

4.4.2. While vibrating concrete under screed-board vibrator,
it was observed that too much mortar was coming on top. It
indicated that the mix required some adjustment. Adjustments
were made at the site by gradually reducing sand content and
increasing the coarse aggregate by the same weight. TUltimately
it wag found that mix proportion of 1:1.75:4.25 was quite workable
and suitable for laying under screed-board vibrator. Formation
of scum on top was also reduced. The water-cement ratio was kept
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i : 80
at 0.5, This mix is in a way economical as percentage of coar.
aggregate is higher than in the original mix.

i i
4.4.3. The results of cube and beam tesb onh Spe??}?&ingﬁe
at site indicated that very high compressive stx:engtt wa o gene-
even at 7 days. At 28 days also, the compressive 3 r(g)g:zl e Sases
rally found to be higher than 5,000 Ib per sq. in. ar;l i S raver
more than 6,000 1b per sq. in. The flexural strength w: " originall);
lower than the minimum 650 lb per sq. In. ‘whic lv:v N O
aimed at. The floxural strength at 28 days interva Al
vary from 500 to 600 1b per &q. in. The usual rela,:;ixc_ms &)blications
compressive strength and flexural strength as noted In P
was found unworkable here.

4.4.4. The compressive strength and flexural ]st{:%gtilorgzggff
obtained on the same specimens at 28 days were D oFie 5. These '
mine their relationship. The results are shown in Tig. d.

oy

_ | v:7

oo ] /o
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"y ///
: ° / ‘o
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i G fe
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§
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8»
N

- m}vs
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N

H § § §
b 5.

L | 280A¥s comPRESEIVE  STRENGM | J: i
Fig. 5. Relationship between flexural and compressive

strength of concrete
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show that flexural st th i '
strength, rength iy generally 9.5 per cent of compressive

4.4.5. Unless, therefore, richer mi
s s mix was used, fle
of the order of 650 1b per sq. in. at 28 days was no’t fie};ttl;l;:;sl;fi;ength

4.4.6. It was then decided that fi
C exural st
zllzfui{ 550 1b per sq. in. may he aimed at wistlfertl;lglti;s};l :fInOt s
ickness of concrete pavement was coming to 1 in o !;he
has boen adopted. nearly 7% in. which

4.4.7. Thus the mix proporti .

. : portions 1 :1,75:4.25 whi

Ib per sq. in. flexural strength and more ih:fo‘l%}(x);och] lg,)!;a,ve 550
compressive strength in preliminary trials was tentaéiVely a‘dggt;e dln.

4.4.8. The proportions of desi i

the basis of maximum. density of agggxxl‘egrgtl:s.we;?e} i?nls:i Checkeds on
31z: a,ggreglayes were mixed i.n different proportion~s a‘nd Z(fe: n;l s
1§ gf;';.‘ffgzm %‘clcorda.nce W.xth'India,n Standards Speciﬁcutsi:)y Vl‘\fIas
g 11 ir; Ihe resugfis indicated that 75 per cent coarse :: o
gate ara,}ile .tsxzc}»l&nd <2 per cent of } in. size gave densit ggg‘:-
centpll 2 sio b E(th obtained on the aggregate containingyiigul .
detem;!inea a;: and 50 per cent § in. size stone. Density was &Il)er
Results are giveerl; irlzJ }li(;rﬁlge g Oa'fileészilllld Wm'l e gooarse &ggrégat,se(?
sand with coarse aggregate in rz?ti? lc?fdlf%t; Ell.l;o% mvlv;g;xg (é?){;:ie

iy .0arse

aggregate con“isted Of 1 i i 1 Q.Ze n rat [s) 5
: S F I, ";nd 7 11, ¢ 1 ¥ i ves
') . < 1 . 81 1 ratio f 15:2', gi 2

TABLE 9

Showing density of combined aggregate mixed in
different proportions

|
§

: |
Coarse aggre- | Coarse aggre- ! Combined coarse | Density

O ek | B, | e | bpar | Vide
1. 50 50 — “ 100.98 —_
2. 60 40 — <101.86 —_
3. ’75 26 - 99.88 —_
4, 75 25 2:1 116 24
5. 75 25 4.95: 1.75 127 19
8. 663 331 2:1 121 22
7. 06§ 334 4.25:1.75 123 5.20
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5. MACHINERY AND EQUIPMENT

5.1. The projoct was proposed to be completed in two seasons
by employing two units for the concreting work. The following
machinery and equipment are considered sufficient for one unit:

No. used and found

Name of equipment and _
just sufficient

81 No.

machines
S i —
1 Weigh-batchers 2
2, Concrete mixers (1 bag capacity 10/7) 5
3. Vibrators—Poker-type 3
-4 \ .,  —Scrced-board 4
5. Pumping sets 3
6, Side forms 1,920 rit.

The numbers indicated above allow for breakdown on a scale
actually experienced.
5.2. Weigh-batchers arras

types. The latter types suits
more useful.

1ged were of single and double bucket
ble for feeding 2 mixers were found

brators were used for vibrating concrete
1l as near the joints where screed vibrator
d-board vibrator failed in
d for vibrating concrete

5.3. Poker-type vi
near the side forms as we
was not effective. Further, when scree
hot weather, poker-type vibrators were use
in the whole width.

5.4. Screed-board vibrators were used for vibrating 11 ft vyide
slab at o time. These were 12 in. in length. These vibrators driven
by petrol engine stopped running at short intervals in summer
season and gave lot of trouble. These breakdowns in vibrators

were responsible for slow progress on many occasions.

5.5. Side Forms

5.5.1. The cement concrete slab to 1101
was, however, not possible to get 7§ in. deep channels as this is not
o standard size. 8 in. x 3 in. channels were only available and
were, therefore, used as forms for laying 7% in. slab. These
channels were fitted with stake housings fixing arrangements
indigenously, which proved quite effective. Each form was provided
with housing at each end through which a sliding locking plate was

be laid was 71 in. thick. It
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driven to ensure proper matching up of form work both in I
t i
level at each end. The details are shown in Phoffo 4.0 f in tine and

5.5.2, According to specifications the top of f
] , orm
vary from a 10-ft straight edge by more than% in. at a;yShg;ﬂg ;1:3
side of the form by more than } in. P

5.6. Pumps and Water Arrangements

5.6.1. As already stated, the supply of

arranged from wells along the road side. pl?l‘fle depvgl?tz W(;(:;z:‘dlevlg
from ground surface generally varied from 20 ft to 34 ft in Mathur:
ghstrxc_t, It was, therefore, not possible to pump out wafer ba;
installing a pump on the well. Consequently, pits had to be du}r
adjacent to the Wt?]lq for placing the pump closer to the water lov lé
A. hole was m'adn in the steining of well for taking the sucti(‘i.
pipe through it. Water was pumped to a storage tank and fro n
there taken to tl}e site of the work by pipe line by gravity ﬂom
Photo 1. Pipe line was laid all along the road with tap connectiow,
at regular intervals of 100 ft or so. This arrangement proved uixil',s
a success. Indry and hot weather (May-June), water had t?) b:
pumped from two wells simultaneously to meet the requirement

5.6.2. A sump pump which is run by compre i
arranged as a standby. A light petrol-drive}:l pumg vizzdalggﬁt‘zag
on a platform which was fixed inside the well at the proper d ih
and was also used for pumping water. In this case. a dri\}:ar haf:i)t
go down to start the engine. This arrangement was conveni .
only with light pumps. I ot

5.6.3. The above arrangements made curing effect;
. . Ct
difficulty regarding adequate water supply was e:gtperien(ltzg. and no

6. DIVERSION OF TRAFFIC

6.1. Tt was anticipated that traffic would i

from a sﬁretch of main road for about three monlzi}’g.e t}Iot; t::a,d“;%rted
fore, decided to acquire 40 ft wide temporary land abuttijl’ or
manent land. On this land, 18 ft wide temporary ,diversiong pe:;i
was construc.ted by dressing the subgrade, compacting it b r(ﬁa

a.nfi then laying 18 ft wide brick-on-edge pavement with ovg {;O ot
bmgks. In the beginning, blinding with local earth wag resxo:t;el&mt
which ﬁll_ed up the joints and pavement became quite stable, T to
type of diversion did not develop much unevenness Co: s
links were made with brick-on-edge or chequered platc;s to a]}lectmg
!;ra.ﬂ'ic to come _ba,ck to the main road without unnecessaril tow fhe
ing the diversion road for a longer length than was r{ec::::;-

-superelevation had to be provide
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About 40 to 50 per cent of bricks from the old diversion could be
used again in a new stretch. .

7. LAYING OF BASE COURSE

7.1.  Removal of Irrégularities

7.1.1. Tt was observed that irregularities of the existing sur-
face should be removed before laying the concrete pavement as
otherwise excessive quantity of concrete would be consumed in

filling up the irregularities.

71.2. Two alternative treatments were decided for removing
the irregularities:

(a) When the thickness of the existing crust was about
9 in. everywhere, and the surface irregularities after
patch repairs, when tested by scratch template, were
not in excess of 1 in. in 10 ft, no levelling course was
given. Elsewhere, rectification was done by providing
a W.B.M. course over the entire width of the surface

to be concreted.

(b) A levelling coat of lean concrete (1:4:8) using local
hard stone and coarse sand was laid to get a cross-sec-
tion having 1 in 60 camber. Where the thickness of
levelling coat required was less than 3 in., no coat was
given and concrete pavement laid on the bituminous

surface.

7.1.3. Alternative No. (a) was adopted in case of curves where
d. In other lengths, it was con-
sidered that providing levelling course of W.B.M. would be time-

consuming.

7.1.4. Initially, it was feared that placing lean concrete or the
concrete pavement on B.T. surface might not be advisable on
account of possible softening or creep of bituminous coat under high
temperature prevailing in this region. After careful consideration, -
it was felt that as existing B.T. surface had become quite old,
there was no such possibility. Moreover, it was also felt that
removal of black-top coat would disturb the W.B.M. as stone on
top would definitely be loosened. This would mean compacting the
W.B.M. surface before laying cement concrote slab.

. 7.1.5. Considering all these points, it was ultimately decided
that levelling course of lean concrete be laid in straight reaches.
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8. LAYING OF CONCRETE PAVEMENT

8.1, Setting of Form

8.1.1. The channel forms were set and fixed on the existing
surface for laying 11 ft wide strip first on left side of the road. 16 in,
long stakes were used for fixing the forms. It was found that length
of stakes had to be shorter for fixing the central line of the forms
due to greater resistance offered by old stone W.B.M. to driving of
stakes. At the edges, longer stakes had to be used as these were
generally driven into the freshly laid water-bound macadam.

8.1.2. Forms were set over a length representing two days’
work in advance of the point where concrete was being placed,

8.1.3. The forms were gencrally removed after 12—24 hours
of placing of concrete. It has been specified that “if air tempe-
rature is below 10°C. at any time during the 12-hour period from
the time the concrete is placed, the form shall not be removed until
36 hours after placing of concrete ™',

8.2. Mixing

8.2.1. For this project, 10/7 capacity mixers were used. The
number of mixers uscd at a time depended upon the length of slabs
to be laid in one day.

8.2.2. Coarse aggregates, sand and cemont were fed into woigh-
batchers by manual labour. The position of weigh-batcher was
80 adjusted that the hopper of the weigh-batcher could discharge the
materials into the hopper of the mixers. Double bucket type
weigh-batchers were useful for feeding 2 mixers at a time. The
concrete was mixed for 2 to 3 minutes. Measured quantity of
water was added to each batch of concrete. Adjustment for
moisture content in sand was regularly made. Sund was tested for
moisture content two to three times a day.

8.2.3. Concrete from the mixers was discharged into hand-carts
which were taken directly to the place of laying.

8.3. Placing and Compacting Concrete
8.3.1. Placing and spreading concrete

8.3.1.1. Continuous bay method was adopted for all sections
All concrete was tipped from carrying vehicle slightly in advance of
the working face and transferred into position by shovels. This
shovelling was equivalent to partial remixing of the concrete and
eliminated any segregation which occurred when concrete was being
transported or tipped.
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8.3.1.2. Hand spreading was always done with shovels and not
with rakes, KEach layer of concrete was carried square across the
width of the bay, Fig. 6. The object of this was to ensure that
the initial degree of compaction given to the concrete during
placing was as uniform as possible over the whole area. The un-
compacted concrete was placed so that its surface was slightly higher
than top of the forms, the amount of such surcharge depended on

DIRECTION. OF CONCRETING

Gmmma

SURCHARGE

4
Y A
Tt

INCORRECT CORRECT

Fig. 6. Incorrect (left) and correct (right) method of spreading
concrete by hand

the consistency of the concrete. It was found by experience that a
surcharge of 1 in. to 1} in. was sufficient for the workability of
concrete obtained at that particular site.

8.3.2. Compacting

8.3.2.1. Two types of vibrators were used, viz., screcd-hoard
vibrators, Photo 2, and poker (immersion) type vibrators.

8.3.2.2. Care was taken to use the beam of screed vibrator to
spread concrete in such a way that as much compactive effort as
possible was transmitted to the concrete. The vibrator having been
laid across the surface of uncompacted concrete was allowed to sink
down to form level under its own weight. After this strip had been
compacted, vibrator was lifted up and moved forward about 1 in.
less than its own width on to the next strip of uncompacted concrete
and again allowed to descend to form level. Thus a fully compacted
slab with a slight ridged surface was attained. Vibrators were never
dragged along the form.

8.3.2.3. The compacting effort of hand-oprrated machine is
much reduced towards the ends of the slab and this together with
additional friction on the side forms, usually results in extensive



428 VerMA AND CHATURVEDD oN

honey-combing towards the edge of the slab, where the greatest
strength is required. To overcome this trouble, poker-type

vibrators with flexiblo shaft were used at the edges, (Photo 3).
These were thrust into the concrete at short intervals along the
slab.

8.3.2.4. During hot days, when petrol-driven screed vibrators
stopped working, the poker vibrators were used to vibrate concrete
in the main slah which was then compacted by hand tampers made
of steel joist.

8.4. Methods of Measuring Compaction

8.4.1. Visual examination, though a valuable guide, is not
enough for A quantitative comparison of different methods of com-
paction. Comparison of strength of cores cut and strength of cubes
made from same mix or comparison of strength of cores taken from
slabs compacted in different ways but made from same batch of
concrete will not measure small differences. The best method so far
achieved for assessing the degree of compaction seems to be the

measurement of the varjation in density from top and bottom of
‘the slab.

8.4.2. Direct measurement of density

Cores of 6 in. dia. are drilled from full depth and each core is
sliced into sections about 2 in. thick. Sections are dried to constant
weight and weighed. Volume isalso measured from which dry
density is determined. If mix proportions are known, density of
wet concrete immediately after compaction can be determined,
Visual examination of a set of cores may also give valuable
preliminary information on the degree of compaction achieved,

8.4.3. Degree of compaction on this project could not be
determined as no facilities were available. Efforts are, however,
being made to get a core drilling machine.

8.5. Finishing

8.5.1. The screed-board vibrator used for compaction was also
used for finishing. No leading edge was provided. Three Passes
of screed were generally adopted. After laying concrete, a scroed
was passed over the forms which gave a surcharge of 1 in. to 1} in.
Screed vibrator was then lifted in steps as described before, for
compaction (first pass). Another similar pass was made. Before
second pass, concrete in any portion found inadequate was made up
by puiting fresh concrete. After the second pass of screed vibrator,
the vibrator was tilted slightly so that its leading edge was about 3/8

in. higher than the trailing edge. A slight sidewise oscillation was
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given to the vibrator beam as finishing proceeded. This helped to
distribute the concrete along the front of the beam.

8.5.2. These vibrators were not allowed to run in one posxtlp‘n
for longer than necessary to compact or finish concrete, otherlvlvme
an excessive amount of fines would be brought to the surfuce where
its presence was most undesirable.

8.6. Floating

8.6.1. After concrete was finished as stated above, the .surf.a,ce
was further smoothed and consolidated by means of a lopgltud'xlxvl]?;
float 4 ft long and 3 in. wide, operated from a foot-brlﬁg(ei. e
longitudinal float while held in a floating position was wor de_ wsed
a sawing motion parallel to the carriageway centre line and pas
gradually from one side of the pavement to the other.

8.7. Straight-edging

- . . d
8.7.1. After longitudinal floating had been completed an
excess water had dis%,ppeared, but while the concrete was'silleél
plastic, the slab surface was tested for trueness with a 10-ft stl_'gz%l ;
edge swung from a handle 3 ft longer than one half the wi 11ol
slab. This straight-edge was held in successive positions pa,riw1 ?
to the road central line in contact with the surface and the whole
area was gone over from one side of the slab to other. Advaﬁlcl(;
along the road was in successive stages of not more than one g_
length of straight-edge. Any depressions found, were ﬁll.ed 1(;11111\; 11-
ately with freshly mixed concrete, consolidated and refinished. High
areas were cut down and refinished. Straight-edging and refloating
was continued until the surface was perfect.

8.7.2. The slab surface was again tested for trueness with
a 10-ft straight-edge and the wedge before the concrete began to set.
This straight-edge was placed on the surfacg in successive posxtxqznﬁ
parallel to the carriageway line. Irregularities were measured witl
the help of the wedge moved transversely at various points until it

" touched both the straight-edge and the concrete surface. At no

point, the concrete did show a departure from the true surface by
more than 1/8 in. If at any place the unevenness was greater than
1/8 in., not more than 3 passes of the vibrating machine were
allowed and surface tested again in the specified manner. If the
irregularity still exceeded this limit, the concrete was removed to a
depth of 2 in. or to the level of the top surface of the reinforcement,
if any.

8.7.3. 'The above procedure was adopted at each shifting of the
straight-edge and the whole area gone over from one side of the slab

to the other. Staight-edge advanced longitudinally in successive
stages of not more than half the length of the straight-edge.

3
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8.8. Belting

8.8.1. After straight-ecdging, when most of the water sheet had
disappeared and just before the concrete became non-plastic, the
surface was belted with a two-ply canvas belt not less than 8§ in.
wide and at least 3 ft longer than the width of the slab. The hand
belts had suitable handles to permit controlled uniform manipula-
tion. The belt was operated with short strokes transverse to the
carriageway centre line and with a rapid advance parallel to the
centre line.

8.9. Brooming

8.9.1. After belting and as soon as surplus water, if any, had
risen to the surface, the pavement was given a broom finish
with .an approved steel or fibre broom not less than 18 in, wide,

(Photo 4. The broom was pulled gently over the surface of the

pavement from edge to edge, adjacent strokes being slightly over-
lapped. Brooming is dome perpendicular to the centre line of
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9. CONSTRUCTION OF JOINTS

9.1. Transverse Expansion joints

9.1.1. 3/4 in. diameter steel dowel bars, 24 in. in length, wers
placed across transverse expansion joints at 12 in. centres in
the middle of slab thickness, Fig. 4, Photo 5. The free or
unbonded half of each dowel bar was painted with a thin coat of
bitumen or bituminous paint applied cold. The film of bitumen
extended across the joint gap to protect the dowel bar against
corrosion. The free end of each dowel bar was provided with a
metal cap, Fig. 4. The closed end of the cap was filled to a depth
of 1 in. with soft, compressible material (cotton waste) to provide
space for the bar to move during expansion of concrete. The
cup was a close sliding fit on the dowel bar. The edge of the cap
was sealed during painting of the dowel bar, to prevent the cap
from being filled with mortar. '

9.1.2. Installation of joint

-

9.1.2.1. Device shown in Fig. 7 was used for concreting at the
position of joints. This .cnsured setting of joint to the required
grade and position.

the pavement and so executed that corrugations thus produced

are uniform in character and width and not more than 1/16 in. groove, 'The fillet should be fitted on ton

foRm L

deep. Brooming ‘was completed before the concrete reached
such a stage that the surface was likely to be torn or unduly

1 : T T T T

roughened by the operation. The broomed surface had to bhe L'he dia. of the ® ‘& i 1§

free from porous or rough spots, irregularities, depressions holes in the DL = S JOINT FILLER
P gh spots, g , depressions and cormasona 4] /\\@ ‘

small pockets such as might be caused by accidentally disturbing
particles of coarse aggregate near the surface.

FOR™M 2,

1 in'x7/8 in. steel fillet to form the
[_ the finished level of the slab

W2 GECTHONS WD Sr_cnuus)
" DNcfr

not exceed that

“Dawal

R ¥ R S

of the bar by .--
. moro than ® et
8.9.2. Trials were made by using “glews, plates having PR R T R RO
corrugations, in place of broom, for giving a final finish. Thi% SN VA NENIAHSEN NN AN AN SAN
produced uniform corrugations on the concrete surface but the P _
corrugations on glass plate wore out quickly by rubbing against ! z«smx;s ’; l STAGE -1.
concrete surface and freguent replacement of;corrugated plates \... \/
was needed. As arrangement for procuring replacement of such ! ’
plates could not be made, brooming had to be resorted to which, FORM FORM DIRECTION OF CONCRETING Lt ¢
however, did not produce such uniform corrugations. ] 1 . .

8.0.3. After belting and brooming was completed, but
before concrete hecame too hard, the edges of the slab were
carefully rounded with an edger.

8.10. Curing

8.10.1. After the concrete had hardened, the slabs were

kept covered with moist gunny bags for 24 hours. After that .

period, the bags were removed and the slabs were cured for another
21 days by holding water on them.

f

;.‘p TR e A I Te T o

STAGE-2"

Fi8. 7.

with lifting hooks & be 1/8 in, lower than
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9.1.2.2.  The premoulded joint filler, 1 in. thick, was put at the

position of the expansion joint upto a dent i
surface of the pavement, ] pto a depth of 1 in. below the

9.1.2.3. Concrete was deposited on the base as
joints as possible without touching them. Care 2 takon fo. ses
that load transfer devices were not disturbed ir
before or after these were covered with concrete.

9;1.24. The concrete adjacent to the
means of internal vibrators. The vibrator
entire length.

joint was compacted by
¢ were worked along the

9.1.2.5. The concrete was de osited
s ld . .
at the free end of the dowel bar pupto th::l joir:to nflilljl?;te%i ﬁl'?t
After about half an houx:, the stakes supporting form 2 %vere

s form were removed adjucent

to form 1. Concrete was then placed and compacted between the

joint filler and form 2,

9.1.2.6. Within about half an  hour
finishing operations includin ming on 1 i
{ . g brooming on both sid joi
?ind after the concrete had attained such a consisbegi;faghilg??z
ow into the groove made by the fillet, Fig. 7, the fillet
:}:;.;ef:]lly amil slofwly [w1thdrawn by means of 4 lever Photo 6 ::3
dges chamfered. The ri 3
putting rous tferec §roove  was temporarily sealed by

f completion of all

Y.2. Transverse Contraction Joints (Dummy Joints)

9.2.1. The transverse contraction joints wer i
forming a groove in the top of the slab"' The gr?)l(;}vcprxivj,:dg}éé )
wide at the surface and 1/4 in. wide at the bottom und éxten lmi
vertically downwards to a depth of 21 in,, Fig. 4. These joj t o
located at 20 ft or 18 ft intervals depe hothor * the

cxpansion joint spacing was 120 £t or 90 ft. neding on whether the

9.2.2.  Within about half an hour 3t { ishi
operationy @ncludiug brooming, and.l :ffttfx(') l?lfébt::(:;xlxg‘fezgl ﬁltltls!nns’
such a consistency that it would not slump and cloge theal at;me
oiled T-iron of 11 ft length and fitted with lifting hooks :tol; :I}:
ends was forced into the compacted concrete. Soon afte :h
T-iron was removed carefully. In the Broove so formed n iron
strip of same thickness as the T-iron and of breadth 1/2; in lerH
than the depth of the groove wag temporarily inserted o o
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9.2.3. The concrete displaced during insertion of the T-iron
was dispersed over a width of at least 12 in. on either side of
the joint.

9.2.4. Special precautions were taken to ensure that the
removal of the T-iron was not delayed unnecessarily: otherwise
incipient cracks might appear during removal and these might
later cause spalling.

9.3. Transverse Construction joints

9.3.1. The construction joints were provided at the end of
each day’s work or where unavoidable interruption for more than 30
minutes occurred in concreting operation.

9.3.2. In the beginning when progress of work wasslow or
interruption occurred due to failure of machines, etc., the length of
pavement between expansion joints could not be laid in one day
and in that case construction joints had to be given at the end of
day’s work, but it was always ensured that these construction
joints were constructed at the location of dummy joints. Specifi-
cations, however, permitted putting up such a joint so as to make
a slab at least 10 ft in length, :

9.3.3. These joints were plain butt joints with 1/2 in. dia-
meter tie bars 3 ft 6 in. in length placed at 2 ft centres bonded
throughout the length, Fig. 4. The exposed face of the joint was
painted with bitumen before concreting the adjacent bay.

9.4. Pouring Joint Sealing Compound

9.4.1. After the curing period was over and before pavement
was opened to traffic, temporary seal of all transverse expansion and
contraction joints was removed and slots filled with joint sealing
compound conforming to specifications, Appendix 2. The joint
opening was thoroughly cleared of all foreign matter before the
sealing material was placed.

9.4.2. The edges of joints were primed with a primer which
was allowed to dry before the sealing compound was applied. The
sealing compound was heated and laid at a temperature of
360 deg, F.

9.4.3. The sealing compound was poured into the joint opening
in such a manner that the material did not spill on the exposed
surface of the concrete. Use of lime-wash on exposed surface was
found useful for this purpose. Any excess filler on the surface
of the concrete pavement was removed immediately and pavement
surface cleaned. The road was then opened to traffic, Photo 7.
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10. REINFORCED SLABS

10.1. Tt is also proposed to observe the behaviour of reinforced
and unreinforced slabs under identical conditions. Therefore, rein-
forced slabs have been laid in certain lengths.

10.2.  The reinforcing stecl was free from scale or other sub-
stances which might impair bond hetween concrete and reinforece-
ment.

10.3. The reinforcement was placed 2 in. below top of concrete
surface. Tn a 20-ft long bay, the length of bar mats was 19 {t 6 in.,
as the reinforcement was to he stopped short by 3 in. on cither side
of all transverse expansion or contraction joints, 6 in. overlap was
provided transversely. The minimum distance from the cdge of
the slab to the longitudinul reinforcement was 4} in.  On both sides
of expansion joint, a strip of reinforcement fabric of similar gauge,
2 £t 9 in. in width, was placed immediately helow the main reinforce.
ment, with main wires parallel to the joint.

10.4.  Laying of Concrete

10.41. 1In one method, concrete ig placed in 2 layers, the

initial layer is spread to a depth which after compaction will be 2 ji.
helow the top surface of the pavement and over which bar mat will
be placed. After placing the reinforcement, in position, the

top
course is poured, compacted and finished to the correct level, :

10.4.2.  The above method involved laying of concreto to g
compacted depth of 5! in. in one fuil bay first before putting rein-
forcement. With the usual I-bag capacity mixers and hand-screed
vibrators, this may take time and hefore roinforcement is put and
top layer of concrete laid, initial setting may start. This method,
therefore, may not he practicable in summer season or when o full
bay cannot be laid within the desired time.

10.4.3. 1In the other method, the reinforeement sheet is hekl
in position, i.e., 2 in. below the top surface of concrete, by hanging
the mat by means of hooks attached at short intervals to pipes
placed transversely on channel forms. After this, concrete is poured
from top which passes through the mesh, Compaction is usually
carried out by poker and screed vibrators. As the concreting
progresses, the hooks are disengaged from the reinforcement sheet
and pipes shifted ahead to support other length of sheet. Botl the
methods were adopted in this project, '
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1. QUALITY CONTROL

; i t for testing
11.1. A field laboratory was set up and equipmen g
cement, aggregate (fine and coarse), and concrete was arranged.

11.2. Tests on Aggregates

i i i f fine and coarse
. Grading tests (by sieve analysis) o .
aggrggls:%élweré earrigd out regularly hto find %utéi Whet(;lizrganyA:d{:::;
ievi ra. . i
ag necessary for achieving the specitied grading
g:x:niezvt each on sand and stone ballast was done daily.

i i te was also
1.2.2. The percentage of moisture in aggrega
deterlmined regulaf‘)ly. In the beginning, 2or3 t(:es.(:s x:;:rea dci?:(,i
particularly on sand, and correction for momlnre_ yv“ : x{)cI:-ete
sccoringly fn the oL O e e watorcontan mos o
ight of aggregates in re 7 ,‘

Sclllj?xsvzgcllg.htlmtegin,gtest was mac.le onco a day. Dx;rmg szlrﬂals%erva ;g
moisture variation was observed in coarse aggrega e; as these wer
stacked in the open for sometime hefore being usef. n (;a, o of sand,
however, variation was observed. The quality Ote %oari ne\%g: %, e
was also, checked by carrying out impact value test whe an)

suspicion arose.

11.3. Tests on Cement

t results also indicated
11.3.1. Concrete cubes and heams tes
the quality of cement boing used. Therefore, no separate test on

cement samples was generally done.

11.4. Tests on Concrete

11.4.1. For checking strength, cubes and beams were regularly
cagt aﬂd ‘eured at the site under similar conditions.

ifications demanded casting of 12 beams and 12
cube: lﬁiﬁ.iays%ec., 3 sets, each consisting of 4 beams and 4 cubes.
One sot was to be cast for 125—150 cu, ft. of concrete. . The casylr&g
of heams and cubes was to be spreadtow;r ghfc}i d&%iisw?;kgi d?ggogé
This could not be followed on account of dine

Lucknow Research Laboratory.
many cubes and beams for tests at ] s Taeilition of focoias
4 cubes and 4 beams were cast flaxly. C facillties of tostin

nd beams at the project site would be available in ,
2;11: ::Bu;'ﬂ?er could be increased. Out of 4 beams ag«i 40 (;1;112688,(1 or;e
specimen of each type was got tested at 7 days a.r; ;v 2628 :;Y .
The fourth specimen from each set was to be kepf:Odorfur elt'; aéng
if and when considered necessary during the dp(;m » of construction
or after pavement showed sign of developing delects.
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Appendix 1
DETERMINATION OF CONTROLLING WHEEL LOAD

; ber of different commercial vehic}es Pnssin.g through a
s(\uti’(l)‘::eo?‘:\e;?ngE:l’ltm Road (22 ft wide) in both directions is as follows :
(Table 1)

Loaded trucks Unloaded truchs Buses {Loaded) Unloaded buses
147 49 121 14

i i lane as the
i d that 70 per cent of these vehicles will ply an one

(lrivg:sl;:\srzm:l:ndency tnp go in the middle of road when thece arch no other

vehiclos coming from opposite direction, S
i in 195 AY traffic intensity

i sensus carried out in 1957 revealed that average 1 i ]
was {‘I‘;llif(?i(frels in mile 782. The average intensity now (1961) 31.1,770 g)nst] 12
13 i i 5 per cent in 4—5 n this

ile 7181, Thus, there is an increase of 15 per cent in 4—5 years’ time. "
!}?{;;(;ql?tlcﬂll be assumed that in 30 years’ time, the increase in traffic will })e
100 r‘)er cent. Considering these two factors, the average number of commercial
vehicles after 30 years would be :

Loaded trucks 393
Unloaded trucks .1:5_
Buases (loaded) 327
Unloaded buses 38

Total 894

d that 25 per cent of trucks are petrol-driven and 75 per
centI(;iS:'s;]-l:lﬁee?.sugﬁ the basig of laden and unladen weights of trucks and
buses (information given by Transport Depurtment)', the axle loads, wheel loads
and number of repetitions of the load per day are given below :

i

No. of |

Front Rear

vohicles Wci;ght axle axle
’ load load

per day oac
1. Petrol (trucks). unladen 100 8.4 2,800 5.600
1. Petrol (trucks), unladen 100 8,400 (12'40(()3 (2:)80(?)‘;
3 32 24,900 8,300 16,600
‘2. Potrol (trucks), laden (4150) (5.300)
i 100 10,200 3,400 6,800
3. Diesel {trucks), unladen (1700) (3,400)
i g 207 26,400 8,800 17,600
4. Diesel (trucks), laden (£400) (B30
327 10,200 3,400 6,800
5. Buscs, unladen (1900) (3:400)
6. Buses, laden 38 17,400 5,800 11,600

. ’

(2,900) (3,800)

Note :—Figures in brackets are wheel loads taken as 1/2 of axle load.

3 load and rear axle
It has been further assumed that front axle takes 1/ !
2/3 load.aIt is seen from ahove Table that maximum axle load at present is
17,600 Ib or say, 18,000 Ib which gives a wheol load of 9,000 1b.

It will not be unreasonable to presume that wheel load in next 30 years
would certainly increase and thus if wheel load of 10,000 1b w1th‘ 20 per cent
impact is assumed, it gives a controlling wheel load of 12,000 Ib which has
been adopted in the dosign.
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Appendix 2

SPECIFICATIONS OF JOINT FILLER AND SEALING
COMPOUND

Premoulded Joint Filler
It shall be of fibre hoard, impregnated with hituminous materials and
shall comply with following requirements :

(i) Tt shall be able to withstand storage and handling without
suffering damage.

(i) It shall be easy to instal and eagy to cut with normal working tools
to exact sizes.

(iii) Tt shall be eompressible but shall not extrude on compression.

(ivy Tt shall vecover affor releaso compressive force as to fill the
joints completely at all times.

(v) Tt shall not deteriorate through {atigue,

The joint filler can e tested to conform to A.8.T.M., D-544-49, A sample
of cxpansion jointing wmuterini to he wused was got tested and following
results were obtained :

1. Reecovery 85.3 per cent (specifiodd minimum 70 per cent). Compression
was 206.4 psi (sperified hetween 100 and 700 psi)
R

2. Loss in weight on compression—0.08 per cent (specifiod maximum
3 per cent),

Thus the sample was aceording to AS.T.M. Specifientions,
Joint Sealing Compound

It shall consist of hitumen into which a small proportion of natural or
reelaimed rubber with suitable plasticising oil and a mineral filler have heen
incorporated and shall possess the following properties :

1. Tt shall be easy to instal and shall not be suseeptible to damage by
heat or other causes during installation,

2. It shall adhere strongly to the econereto.

3. Tt shall not flow down into the joint nor across the joint from erown
to kerb in hot weather.

4. Tt shall not hocome oxcessively brittle in winter nor so hard that it
cannot accommaodate itself to the movements of the joint.

5. It shall at all times resist the ingress of stones.
6. It shall fulfil its functions with minimum of maintenance.

7. Tt shall retain its plastic properties for o long period and shall not
hecome brittle by loss of volatile oils nor as o result of ageing.

British Standard Specifications 2499—1954 on tests to assess the proporties
of hot applied joint sealing compound for concrete pavement provide basis
for judging the quality of the compound to be used. The properties which

can be dotermined are (a) pour point, (b} mineral filler, (c) flow, (d) resistance
to grit, and (¢) adhesion and extensibility.

For 1 in, thickness of joint, 4.5 gallons (7 cu. {t.) of joint sealing
compound is required for 1 in, depth and 100 running feet of joint. An
allowance of § per cent for wastage should be made. The quantity_o_f 1
gallon of primer is required for 1,200 running feet and 1 in, depth of joint.
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SYNOPSIS

The Paprr doserihes the salient fentures of dagign, and construction of &
prostressed conerete bridge built over Ajoy river in mile 14 of the Panagarh-
Illambazar-Suri State Highway, Tho britlye covsists of 10 spans of 148 ft ench
with two-enid spang 110 7t each, For facility of erection the prestressed girders
wre rast on the river bad in two sections, crected in position and then jointed.

1. INTRODUCTION

1.1. 'The bridge now under coustruction over the river Ajoy,
is the longest prestressed conerete bridge so far built in West Bengal
and possibly one of the Jongest prestressed voncrete bridges in India.

Sy T B e e T
* Superintending Fngineer, Special Road Dev. Directorate, Weat Bongal.
t Assigtant Enginesr, Dev, (Roads) Department, West Bengal
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It is located in mile 14 of the Panagarh-Illamb i i
way which branches off N.H.2 at Panagarh. %‘zhf ??\:‘elrStfaote Hl%ll;:
border of Birbhum district with that of Burdwan, vns e

1.2. 8o farthere has been no throu
: as b gh road communicati

:][Burgwau; to Birbhum district and the only approach uvf;zll,?zﬁilll ﬁol?
cgns tle 1?“ weather, road communication is established b :h'
con )iuc 101(1i of a temporary wooden bridge over the Ajoy rivety nea0
ﬂmslo noggs‘ifa bo}zndge Sflt}?: hDue; to shallow depth of water during dr;

¢ : ause of high velocity of flow in the mo i
g}(ﬁn era;;ltab.hsil.ment of a permanent ferry service to mr?xi:’f;&n tﬁ?‘gfdl;
conr ux;lrt;'z, ion 1Jrou_nd the year was not possible.  The a.bqen%e
of ngmc anent high level bridge was a serious bottlenec.k fo
the a re; ofelgf:d v:r)f t;ra,del at?}? commerce between industrially advan

°d area of B an and the southern region i ing Birbhum
district rich in agricultural products, Apar% frrélxiriz(l}:;:;(iltl;i (glr:}:t}:‘ﬁ?

tion of other bridges will provi
ous and cultural importanrée,wde easy travel to the places of religi-

14

2, GENERAL FEATURES OF SUPERSTRUCTURE

2.1. 6
is shown ir?}ﬁ%g{’ﬁnﬁﬁ larra,ngement of the spans of this bridge
the girder No. 1 rest blate I. In this arrangement, the left end %f
levering out 36 PR 8 on th'e left abutment with the other end canti
the (‘mijtilever i i‘}’ ‘21}112 2;21“5 N p.d 1. Girder No. 2 rests at one cﬁ{:lnolr;
pier No. 2 and i girder and extends 30 ft
nd in the same way ag the first girder. Simill:g'yf(\)rr'llf}unfr}:?
140 1 =3 .-

[ S . ]

l

T "Jﬁ" C I’{T y

-

| l

SUSPENDED SPA
Fig. 1 (a). During service
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Fig. 1 (h). During construction
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ments are repeated from both the abutments and linked in the

middle by a suspended span.
Thus, the deck structure can be divided into two different

structural systems. one consisting of 6 girders and the ~other

consisting of 5 girders joined by a suspended girder 88 ft long.
22 ft with 3 ft

2.1.1. The clear roadway of the bridge is
wide footpaths on cither side. The wearing course is of uniform
thickness of 2% in. and is built in plain concrete with a specified
strength of W,, Cylinder =4,600 p. s. i.

9.1.2. To cut down the cost of earthwork in the approaches,
the 149 ft long girders at both ends are given a longitudinal

gradient of 1 in 74.5.

2.1.3. All the beams are prestressed with 1} in. diameter
Macalloy bars in varying numbers and are connected together by
R.C.C. cast-in-situ diaphragms spaced about 20 ft apart. The
number of diaphragms has been determined in accordance with
Morrice’s distribution method.

Hach 148 ft long girder ~was woighing about 77 tons. This
was considered too heavy to handle with the available equipment
at the site. The beam was, therefore, cast in two sections described
as “span beam ’ and “ support beam ’’ having lengths of 88 ft
and 60 ft respectively. One span beam weighs about 35 tons and
the support beam about 31 tons. The precast units are cast on the
river-bed on a specially prepared casting yard, at the position of
the opening which the beams are meant to cover and are hoisted up
after initial prestressing, by means of crab and winch and placed in
position by a travelling trolley. Details of span and support bears
are shown in Plates IT & III. Both span and support beams are of
I-section with a small top flange to act as castellations for support-
ing the R.C.C. cast-in-situ deck slab. The support beams have a
depth of 9 feet at the support and the span beams 6 ft 10 in, at
the centre. The width of the bottom flange is 24 in. and that of
top flang 15 in. The thickness of the web has been determined by the

formula ¢t = —‘;i) 44 in., where d is the depth of the beam in inches.

In this case, considering d as 6 ft 10 in., the wel thickness of
span beams provided is 6 in. Ab the hinges, the width of web of the
upper tip as well as that of lower tip has been made 17 in. and it
has boen roduced to 6 in. after the end block in a length of 8} in.
According to the practice followed in Lee-McCall system, the
widening of the rib is made at 1: 1 slope whereas in other systeins,
this slope is usually 4 lengths: 1 width. :

2.1.4. The profile of the beam has been so designed as to
ction of the form works for all tho spans with

slight modifications wherever necessary.
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2.1.5. The prestressing cable comprises [1 i i :
Macalloy bars. As svon as tho concrete }E)as ;Lttainéed glétlilx;bfttlf tmf
30 per cent of the ultimate designed strongth, some of thch v‘l (1)'
wore stressed by means of Lee-McCall jacks to take car 10(;
handling stresses. Precast unijts were then hoisted up in p '(Z' N
one gnd of the span beam resting on the abutmeht or };IOSl lotl},
culation as ‘the case may be and the other ond on a tem )orarle pier,
l"hqto 1,built for the purpose of supporting the ends of ghe 5 yr P'lel;i’
support beams so long as they were not joined together T}E) . ,
(c;?lclleofe;l&e su;;l_);)rt beam also rested on the tompo?afy };iel' ﬁ:i (1)3;:(0

r can : ‘om the pier t icule
puer ond c splu ?;’1(3;:,(1111 ?ut from the pier to form articulated support

2.1.6. The decking
continuous over 3 girders
support the foot walks.

comsists of 6! in thick R.C.C sl
: . 2 Lo 8 ﬂ;l
and cautilevering out of hoth cndsb to)

3. DESIGN STRESSES

3.1, The following stresses were adopted in the desigu :

(@)  Allewable stress for ordinary B.C.C f, - 1,000 p.s.i.
(b)  Allowable stress for crdinary wild steel f, .- 18 000 0.8.5
(c)‘ Allowable stresses in Prestressed Uoncrc:tc w o;'ks: -
During service—-

(i) Maximum compression i
) Presswon in concretoe
2,200 p.s i. fetete
e
(11) Tension in conerete-—uil

(tii) Principal stress in conerete.. .\

= of
designed  ultimate conmpr 30‘ i

€ s ate ) lress 1 =
220 ps.i. pression

(v} Maximumn _tension in H.T. rod-—after
tosses (16 por cent) = 35 tons per 84. in.

During construction—-

() Maximuwm compression in conerete—
2,500 p.s.i.

(i) Maximum tousion in concreto—

10 of maximum compression, i.e.,
250 p.s.i.
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(iii) Maximum tension in high tensile
steel rod—upto 0.1 per cent proof
stress, which is about 50 tons per
8q. in.

(d) Bearing pressures—

(i) Under Macalloy end plate—3,360 p.s.i.
(local)

(i) Under bridge bearings—1,250 p.s.i

4. DESIGN CONSIDERATIONS

4.1. The bridge has been designed: to meet the requirements
of I.R.C. Bridge Codo (Sections I to I1I), Draft Criteria for Prestres-
sed Concrete Bridges and Indian Standard Codes for Prestressed
Concrete. Since the designs were started prior to the publications
of Codes, minor variations may appear.

4.1.1. The design bas been prepared on the basis of the
following assumptions and loading conditions:

(a) One unit of Class A loading in each lane moving
abreast with footpaths fully loaded. (According to the
present I.R.C. Code this condition of 2 lanes of load
moving abreast may not be investigated.)

(b) Two units of Class A loading in each lane so spaced as
to produce worst- effects, the vehicles in each lane
moving in opposite direction. No crowd load on
footpath.

(¢) Oneunit of Class AA loading.

(d) Load distribution factor for outer beams due to eccen-
tric loading worked out in accordance with P.B.
Morrice’s method and found to be :

(i) Tor Class A loading—1.2 times mean load,
corresponding to 1.17 of Courbon.

(i) For Class AA loading—1.4 times mean load
corresponding to 1.44 of Courbon.
(e) The full footpath live load assumed to be carried on
the outer beams.

(f) The total dead load assumed to be shared equally.
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{g) 'The efiecls of transverse load distribution as stated in
(d) above arc virtually climinated for u simple support
and do not appear in the unloaded span or in spuns of
a continuous structure. As such, the above transverse
distribution factors were not taken into aceount while
considering the effect of a span when load was placed
on the cautilever or in any adjuacent span.

(h) The cffect of Poisson ratio neglected.

(i) The system of deck structure adopted here is u stati-
cally determinate one as the continuity has been broken

by the insertion of a hinge in cach span other than the
cud one.

4.2. Deck Slabs

4.2.1. The deck slub has been designed as continuouy ovor
the supporting beams with cantilevered footpath slabs on eithor
side. The effect of haunches, though built monolithic with the slab,
has been neglected and the slab has been assumed to be of uniform
thickness for the purpose of calculating the stiffness and distribution
factor. The effects of livo loads for two types of Class AA loading

have been takea into account and it is found that Class AA tracked
vehicle governs the design.

422, The summary of moments
Though moments have been given
supports and mid-scctions, those

s given in Table I,
for faces of outer and inneyr
at the beginning of haunches where

" e ——T N 12

A AT e

S S
B T =
A . C
) —1
1*'ig‘. 2,

the dopth of slab starts increasing, have also been worked out and
soctions checked both for concrete and stecl stresses.

) . Design
moments are given in Table 2,
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TABLE 1

Summary of moments

Bending moment in in.-lb

Loading Critical sec. Critical
4 Mid span section
sngo(r} P support B
Doad load 34640 — 4,900 + 8,870
Footpath One side
- 12,620 1,815
loaded only :l_- 5its + 3340
Both sides ~ 12,620 - 3,630 + 5,500
a
g Class A on
-l cantilever — 87,600 - -
B
z Class AA central
ass A’ ;
= over mid-support - + 39,300 — 54,500
Class AA one track
::smid-span - + 47,800 — 55,600
TasLE 2
Design moments
Design moments in in.-lb
Section ]
Positive Nogative
AorC - ~ 1,14,860
EorF - 4 44,625 - 10,433
B + 14,370 — 46,730
At the end of haunch of
cantilever - . — 66,000

4.3, Main Beams

4.3.1. The design of main beam is based on two considera-
tions. Firstly, the precast beam section has to carry its own weight
4
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i i for the
the weight of diaphragms, deck slab and the fom_l works
glig;)hragmsind deck slab, and, secondly, the composite beam }1:.13 to
carry its own weight plus the weight of the wearing course, ralhpgs,'
etc., and the live loads. Fig. 3 (a) & (b) illustrates the two sections
separately.

ouLy TuE BEAM sECTION (3)

composiTe SecTion (b)

Fig. 3.

4.3.2. The structural considerations for thoe purpose of design
aro different for different bays 4,, B,, ete. This'is duo to the fact
that the reactions and moments from bay & 1 are transferred to the
bays 4,, By, etc. For a typical bay, say E,, the distributions of

reactions at different stages of construction are illustrated in
Fig. 4.

4.3.3. Similar dead load reactions calculated for all other bays
are given in Table 3.

TABLE 3

Dead load reactions for the completed bridge

e Lofgsppot 1 Right, suppor
i
E, 08,165 3,44,788
D, 98,310 3,43,078
e, 98,300 3,44,078
B, 98,306 3,44,048
4, 1,05,864 343,132
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Fig. 4. Reaction in a bay E at different stages of construction

4.3.4. On similar considerations, dead load moments for
" different bays worked out are given in Table 4.
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- TABLE 4

Dead load moments at different stages expressed in

in.-1bs x 10°

| Critical
! . Mid section | Coustn. | .
Bay | Loading span {41 ftfrom | joint | Lier Cp,
fi pier ¢fe
Beams - decks - dia-
phragms before jointing  17.05 7.85 0 - 10.89
Similar - e
for each Beams + decks 4 dia-
bay phragms after jointing 2745 24.84 1831 — 10,89
Increase in inoment due ‘ T
(Typical) to juinting 970 16,99 19,31 0
Own footpaths -+ hand- T o
rails - finishes 9.62 8.52 6.49 —-2.95
Reaction from the suspended span — R L= 25,125 1L
Due to reaction from tl;: T T
P R T
Own footpaths + hand- ST
rails + finishes =3.62  -1468 —20.01 - 38.55
Reactions from the bay B+ 8—0254 % 98,165 = 24,980 11
Due to reaction for o 7 - T
FOEE NN ~13.15 ~931 o 3.4
p, EES W emi wmy gy
Due to footpaths 4 haud-
rails, ete, —3.58 1458  —~10.8] ~38.25
Due to reaction from
c, D1 & i+ 8 -132 231 ~20.4 -35.4
~332 1458 1991 3845
B1 - Same as bay ¢ !
4, — Same as bay ¢ 1

4.3.5. Since the span of the end girder is different from that
of other spans, it requires spccial treatment. The dead load
moments at different stages worked out are given in Table 5.
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TABLE B

Dead load moments for end spans at different stages
expressed in in.-lbx 10°

Constn. { Cy. of

. Mid | Critical
Bay Loading span | section | joing , pier
Self weight of beam 4 deck
e+ diapghragms before jointing 18.4 7.92 0 —10.89
ight + deck -+ diaph,
se}}ffteze;éginti;g ° F P 2840 25.20 19.6 —10.89
A S S S U
1t ] t after .
In;:fnﬁig . momen 10.00  17.28 19.6 0

Due to own footpaths, ete. +
other base completed

-3.63 —14.55 199 -—-3835

436, Next, live load moments at different sections are
caleulated. The values of design live load moments under worst
condition of loadings for end bays are given in Ta.bl.e 6. In this
connection, it may be mentioned that loads to the right of span

TasLe 6

Live load moments for end spans at different sections
expressed in in.-Ib x 10°

,
Nz;ne Moment L‘I(;I(;?S- ?:Of:’ ‘Soffx C(jgi‘;’;‘ : Pier g
beam tion abt;tnrzlxent pier end K

1 30,94 2070  25.06 36.60
Normal a 28.73 2040 25,75 33.60
2 s ales | 213 8570

Quter

beam 1 1049 2004 2273 7.92
Rovorse a 1013 11,70 20.10 7.10

? b 1095 1910 21.87 7,60 -
T zes0 | 2200 1830 2710
Normal — 0133 2515 2215 28.00
s vout N 0.0 17.35 19.60 6.85
Reverse 3 10.15 17.70 20.10 7.10
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under consideration will cause moments in the span. For this
reagon, there will be reversal of moments when alternate spans are
loaded. In the Table, ‘““normal” means positive moment in the
section and ‘‘ reverse” means negative moment in the section.
The positions of live loads for worst effect, have been determined
by drawing ¢ Influence Lines >,

Note — Load condition 1 : 2 lanes at Class A loading heading in the
same direction with crowd load and no
other load on the bridge.

Load condition 2 (a): 2 lanes of Class A loding heading in
opposite direction in the span plus similar
loads placed in the alternate spans, but
without crowd load in any span.

Load condition 2 (b):Similar to load condition 2 (a) but
with 50 per cent crowd load in the
span.

_ 4.3.7. The high tensile hars are stressed to 45 tons-per sq. in.
with Lee McCall Jack, allowing for friction losses and jack losses, Six

barg and 2 bars ave initially stressed respectively for span and
support beams in order to take care of handling stresses.

4.3.8.  Stresses at various stages of construction are given i
Table 7 for bay 4, ,. 8 ¢ given in

TABLE 7 (a)

Stresses at mid-section of bay 4,,

Outer beam Coentro beam
Ste
g Upper Lower | Uppor Lower
fibre fibre fibre fibre
(a) - Dead load of 88 ft shore
span beam + 73 - 594 + 713 - 594
(b) Due to initial prestress
(without loss)—
(i) 6 bars 1, 2, 3, 6, 7
and 8 for outer beam ~ 619 41,759 —_ —_
(i) & bars 1,2, 3,7 and -
8 for centre beam — — - &51 4+ 1,407
(¢) Due to (b) but after
losses (18 per cent) — 520 1,478 —~ 463 1,258
(d) Due to (a) and (b) + 154 41,165 + 222 4+ 903
.(9) Due to (a) and (¢ + 253 4 884 + 330 + 664

AJoY BRIDGE
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Quter beam Centre beam
Stage Upper Lower Upper Lower
fibre fibre fibre fibre
() Due to self weight of
the beam + d}o;cl; 4
?J&‘fﬁ;“m erore +1,495 — 1,160 +1,495 —1,160
® In:gejaoigﬁigg stress due . - 4 + 10 s
{h) Due to second stage
prestressing of 6 Nos.
1} in, and 3 Nos. %é
;’érdc!:z}smt fosses + 208 41,242  + 208 +1,242
i) Due to footpaths, _ _ ‘
0 finishes and other bays - 70 + 134 70 + 134
j) Duo to effective prest-
W ress after the brlfé%e
Zi?ff";%leffag“wi«) 41312 41,268 + 1,369 + 1048
+(g)+ M)+ (D) .
k) Due to live load
® (a) Normal moment + 598 — 1146 4 470 - 901
(b) Reverse moment — 222 4 426 -~ 196 1+ 376
(8 +1910 + 122 1830 4 147
(b) + 109 <+ 1,694 + 1,173 -+ 1,424
TasLe 7 (b)
Stresses at the critical section
Beams + deck + dia- 3 3 _
(®) e;?lrxlr:'agms before jointing 4+ BHB8 - 426 + 558 4926
(b) Fif::sezrestressing after + 50 4 g6 - s o+ oo
(¢) Increase after jointing + 315 — 647 4+ 315 ~— 647
(d) Sef::;:s prestressing after 29 + 805 . 20 + 80
i d
(e) cm;t};‘p:‘tg:;sﬁnmhes an _ o - 500 _ %6+ 500
@) Bridgo complote FL,006 1308+ 967 41287
' ~1,025  + 443 — 886
to Norma) moment + 52§ 025
(g)v :l?:: load| Reverse moment - 353 _i— 695 —_A312 4 610
. } 1,820 + 283  +1,408 4 3m
() Service { Roverse T 741 +2,003 4+ B33 1,847
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4.3.9.
conditions,
(ii) al the b

Stresscs at the artic

namely, (i) only the
ays have been complete

ulation have been checked for
next bay has beeen completed,

The stresses are found as given below :
Condition (i) — £t ~ 4 149 p.g ;.
b= {489 psii
Condition (ii) — ft -+ 151 p.s.i.
fb = + 392 pas.i,

Maximum shear stregs
out to 5 p.s.i,

]

occurs under condition (i) and works

4.3.10. The values of maximum shear forces and reactions are

given below for end bay, 4,,, only. The calculationg have been
made with the help of influence lines,

TasLy 8 (a)
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TABLE 7 (c)
Stresses at the construction joint
Outer hoam Centre beam
Stage Upper Lower Upper Lower
fibre fihre fibire fibre
B 8 + deck 4+ dia- . _ -
@ i?}rg-agms after jointing + 306 ~ 483 + 306 483
{b) Prestress aftor losses + 425 4+ 676 4+ 438 4 564
2} Finishes, footpaths and
“ l(r)l';ier bays g)mplated ~ 209 + 478 - 200 4+ 478
(d) Bridge complete + 432 + 669 + 445 4+ 537
. Py - 532
ive load Normal + 387 -~ 619 -+ 33? 53
© L:Xgm%antsz Reverse — 342 + 546 - 302 + 483
, P8I0 4+ 50 4+ 778 4+ 2
@ Servico § gg:?rzlo T %0 +1,215  + M43 41,040
TaBLE 7 (d)
Stresses at pier support
Outer beam Centro beam
Stage Upper Lower Uppeor Lower
fibre fibro fihro fihre
SRS SR S
, iavhe
=) Beli')ggm-: dock + diap -~ 500 4+ 3358 - 800 4+ 338
(b) TFirst prestressing + 511 ~- 129 + 511 -~ 129
2 ini 1
© lo(?:l(:g:];)séy;mmhcs e - 522 + 862 - 522 4 869
(d) Second prestressing + 1,129 ~ 345 + 1,033 “j-“ :ili
{(c) Bridge complete + 616 753-— + 52.3 _j- 784
- 2 35
({) Live load: (a) Normal -~ 408 83¢ 38 + (156:;
(b) Reverse + 108 - 179 + 97~
(g) Service: (a) Normal + 120 + 1,583 + 140 + 1,4;:
¢ (b) Reverso + 726+ 574 4+ 619 4 6

Maximum shear force
Section Loading Outer beam Centre b
‘ condition cam
— U S | S
Support section I 288,354 1h 257,074 It
Abutment section I 198,130 ib 177,320 b
* TaBLe 8 (h)
Maximum reaction
Ssction cg‘gﬁi‘l‘;ﬁ Outer beam Centrs beam
e e
Support section 1 483,450 Ib 448,130 1b
Abutment section I 188,130 1b 177,320 b
4.3.11. Shear Stress

The shear stresses at different sections have been calenlated by

the formulg— )

V rh
! znf?/; ooy
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which reduces to

ve

=T
Where ¢ is the shear stress, V the shear force, I the moment
of intertia, b the width of thesection considered, and g the moment
of the area of all elements lying above the plane considered. The
principal stresses have been calculated with the help of the

formula
[ = 7
P =5 —‘i-[ + q*

which is, for principal tensile stresses,
Py = (W F4g® — f)

where f is the bonding stress and g the shear stress. At the
extreme fibre f is maximum but ¢ = O and at netural axis, f = O,
but ¢ is the maximum. Hence, for @ section lying between the
extreme fibre and the neutral axis, the principal tensile stress will
be the maximum. Usually such a section may occur at either of
the three sections, viz., the junction of the top portion of the web
with top slab, the uncutral axis and the junction of the bottom
portion of the web with the bottom flange of the girder. Stresses
at these three sections have been checked. The values of principal
tensile stresses, as found out, for abutment support and pier support
sections are 135 and 222 p.s.d. respectively. In calculating the
shear force at any section, effect of prestressing force and haunching
in reducing the shear forces, has been taken into account.
Formulae used are P Sin ¢ and C tan a, where P is the prestressing
force, 6, the inclination of the tendon, and C, the total com-
pressive force and a, the angle which the soffit slab makes with the
horizontal and is considered positive in an anti-clockwise direction
starting from the haunch.

Shear reinforcements have been calculated according to
Guyon’s theory. The general formula used is
__ fZAsfs
24
Where X is the spacing in’ inches, f the compressive stresss in
ps.i., A4, the area of shear steel in sq. in., fs the elastic limit of

mild steel (taken equal to 30,000 p.s.i.) g the shear stress in p.s.i, 14
the total shear in 1b after considering the effect of prestressing force

and haunches and Z = ;{- in inches.

[H =3(4 X y)]
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In some of the cases, ¢ has become greater than f[2 for which the.
formula has been modified as
Z As fs
X = Viands

4.4. Cross Beams

4.4.1, The cross beams are designed as ordinary R.C.C. tee-
beam having depth of beam as 79 inches, top flange width as 84
inches and the thickness of web as 6 inches. The moments due to live
load have been worked out on the basis of the method evolved by
Morice and Little, and described in detail in *“ Structural Engineer >
7ol, 32, No. 3. March '54, pp. 83-111. The maximum moment is
"caused by Class AA loading and works out to 2,105 in. kips. The
reinforcements required are 6 numbers 3/4 in. diameter bars.

4.5. End Blocks

4.5.1. The end blocks have been designed in accordance with
the method outlined in Magnel’s book on Prestressed Concrete.

4.6. Bearings

4.6.1. Cast steel roller and rocker bearings have been used for
all spans including suspended span. Rocker bearings are provided
over all pries and at one end of the suspended span. Roller bearings
are provided over abutments, at all articulation peints and at one end
of the suspended span. The design has been based on formula given
in Scott’s book on ¢ Reinforced Concrete Bridges”. The value of
k has been taken as 2840. <

All bearings are provided with dust proof cover.

4.7, Ultimate Strength

4.7.1. Though the design has been ma&e on the basis of
« Eladtic Theory ”, its strength at ultimate load has been calculated
and has been found to satisfy the following criteria:
For steel resistance—My;, = 1.5 (D.L.M.)
+4.226 (L.L.M.)
or 2.68 (D.L.M. + L.L.M.)
Yor concrete resistance—My; = 2.83 (D.LM+L.LM)

5. MATERIALS

8.1. Aggregate

Two different types of aggregates were tested in the West Bengal
Road and Building Research Laboratory and after tests, it has been
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decided to use Pakur chips which are of trap variety. Field tests
were carried out with different gradings of coarse aggregate and the
results are found to be satisfactory if Pakur chips in two grades
3/4 in. to 3[8 in. and 3/8 in. to 3/16. in. are mixed together in
definite proportions. The combined fineness modulus obtained is
6.5. Sand available in the river bed has been tested in the laboratory
and is found to be suitable for concrete works. The fineness
modulus obtained is 2.64,

5.2. Mild Steel
Steel complying with T.8. specification was used.

5.3, Prestressing Bars
Macalloy bars complying with I.8. specification was used,

5.4. Concrate Mix

. Several tests were carried out with a 200-ton testing machine
installed at the site on samples of concrete blocks prepared by
mixing the above materialy, mixed in different proportions b'y
weight for prestressed concrete works. Based on 31 sets of tests
carried out with different brands of ceraent and different proportions
of_coarse and fine aggregates, it was decided to wse the fol]owing
mix by weight which gave satisfactory results-

Grade B 6,600—Coarse aggroante {dry): 3/4in. to 2.36
3/8 in. to 0.64% 3.00

Sand (dry)eeeieeincrninririene 1.5
Cement.,.ccovvieiiieiinnnnnnnn., w1
W/C ratio.........cocuvnriiinnnn. 0.40

The mix works out to be (1:1.5: 3) by woight and 1:1.41:28
{(by volume). T

Yield of concrete was found to be 4.10 .. ft. per bag of t
and the number of bags required per 100 cu. ft. Pof co%lcre;]: mvsgs
24.5 bags. The average cube strength obtained during tests was
9,000 1b per sq. in.

6. SPECIFICATIONS

6.1. Concrete in Superstructure

(2) Precast girders and construction joints—Grade C 8,600
—strength 6600 p.s.i.

(b) Cast-in-sifu diaphragms and cross beams—OQGrade C
3,750 —strength 3,750 p-s.i.
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{e) Deck slab excepting for a streteh of 2 ft behind the end

anchorages—
Grade C 3,760—strength 3,750 p.s.i.

(d) 2 feet stretch behind the anchorage in deck slab—Grade
C 5,126—strength 8,125 pa.i.

(e) Wheel guards and footpaths—Grade ¢ 3,750-—strength
3,750 p.s.i.

{{) Railings, posts, ete—1:1} : 3

(g) Woearing course—W/28 = 4,500 p.si.

6.2. Grout Mix

6.2.1. Compressive strength of cubes at 7 days should not be
less than 3,000 1b por sq. in. and water-cement ratio should not be
more thdn 0.5. The shrinkage of neat cement paste should not be
more than 2 per cent by volume. If the shrinkage is mors, sand is
to be added. Actually the shrinkage of neat cement was found to
be within permissible limit and hence neat cement paste was

used.

6.3. Macalloy Bars

8.3.1. Ultimate tensile strength—64~72 tons/per sq. in.
Secant modulus at 40 tons per sg. in~25 x 10° 1b per gq. in.
0.1 per cent proof stress— 50 tons per sq. in.

0.2 per cent proof stress ~ 58 tons per sq. in.

Elongation on 8 in. gauge length — 6 per cent minimum.

6.3.2. Samples of H.T. rods received from supplies at site
were tested at random at the Government Test House, Alipore, and
were found to comply with the above specifications. No cold bend
test was made as it was not specified in the tender.

7. CASTING YARD

7.11.  Ascertaining what equipment was readily available
the designer planned the casting und erection of the beams in such g
way that & crab and winch and travelling trolley would suffice. The
advantage of dry river bed in the working season was also ubilised.
The weight of each individual unit was kept very low, ie., within
40 tonos, 50 that two 20-ton traveling chain pulley blocks or
ordinary crab and winch with two 20-ton pulley ‘blocks would be
able to hoist beams in position.
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7.1.2. As the travelling trolley mounted on gantry girders
could move only across and not along the length of the bridge, the fact
was taken into consideration while casting the beams on the river
bed. Casting beds for span beams and support beams were staggered
In position s0 as to facilitate initial prestressing.

8. Casting Bed

8.1. The casting bed was made of inverted concrete T-blocks
spaced 4 ft centres at each end, supported on 12 ft x 4 ft
sleeper cribs laid on well compacted sandy bed. These sleeper
cribs at the ends distributed the load on a greater area when after
initial prestressing the beam wag self-carrying. A series of similar
blocks were placed at 4 ft centres to provide intermediate supports
to the form work. The T-blocks were one foot six in. wide, three
f(}alet long and of varying depths. They were designed in such a way
that the load of the beam on each block (about 1} tons) was distri-
buted on the sandy bed over an area of 4.5 sq. ft., thus bringing
down the bearing pressure to 1 [3 ton persq. ft. ’
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Over these concrete blocks a timber cross piece 3 fect long
by 3 inches wide and 5-inches deep was placed. Adjustible pack-
ings were necessary to fix the bottom shuttering of the beah at
correct level. Rubber packing pieces were inserted between the

bottom shuttering and the packing pieces to absorb shocks due to
vibrations caused by concrete vibrators and to prevent the same

from being transferted to the blocks, Photo 2.

9. FORM WORK FOR BEAMS

9.1. The bottom shuttering was of 1} in. thick dressed wooden
lankings connected together by tongue and groove joints and
stiffened at intervals by wooden battens 4 in. by 3in. In order to
prevent leakage of mortar during casting and also to obtain a smooth
finished surface, the upper surface of the planks was lined with
black sheets. Side shutters were made of } in. thick steel plate.
They consisted of 3 ft by 4 ft units stiffened with 14 in. x 1} in. X
} in. M.S. angles and 1} in. X 3 in. M.S. flats at centres and
ends with bolt holes for jointing the separate pieces. Apart from
fixing the bottom shutters with side shutter by means of wedges
fixed to side battens, the junctions were lined with manila ropes to
prevent leakage of mortar. This arrangement worked out very satis-
factorily and practically no leakage of mortar was noticed.

9.2. Arrangement for fixing form vibrators to the bottom and
side shutters was made in such a way that a vibrator would vibrate
about 9 square feet of area. Inspection windows were also kept
about 4 feet apart to see whether concrete flows to all places.

9.3. Scaffolding frames of 4 in. X 3 in. timber battens braced
with 3 in. X 2 in. planks were erected on both sides to support the
working platform as well as the props for the side forms.

10. PROCEDURE FOR CASTING OF THE BEAMS

10.1. . Placement of Reinforcement

Before placement of reinforcement, the transverse level of the
bottom shutter was checked with a spirit level and the longitu-
dinal layout with a theodolite. It is very important that the
x_a.lignment of the girder should be set accurately, as otherwise the

Lo:nting of the two sections involving coupling of H.T. rods would
difficult.

. Mild steel reinforcements were next laid and supported'tempor.
arily on battens fixed with the scaffolding frames. Side shutter was
then erected on one side Photo 3. ’
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The Macalloy bars with thread type anchorages were imported
in exact lengths with threads on both ends. Any damage to screw
threads would lead to rejection of the whole Piece, as the special die
required for cutting screw threads was not usually imported along
with the bars. However, to cover up probable losses during transit
or handling, about 2 percent extra picces with necessary couplers
wero also imported. This drawback of Macalloy bars, it is under-
stood, is being overcome by the introduction of cone type
anchorages.

The threads of the bars and couplers were cleaned with oil and
wire brush after removing thread masks. Bars were then coupled
where necessary in each beam (maximum rolling length 60 ft)
and were inserted in the lead coated sheaths, known ag Kopex
tubings which were imported. Special sheaths for couplers, which
were larger in size than the H.T. rods, were necessary to, ensure
free movement. The joints in the Kopex tubings werc made by
solderings and then covered with black tape. Due to import restric-
tions, the use of Kopex tubing was dispensed with in favour of
sheaths locally manufactured with 24 gauge plain G.I. gheets
Photo 4. These locally made sheaths wers found to be quite satisi
factory, but these were less flexible than the Kopex tubings. For

this reason, the locally made sheaths could not be used at sharp
bends.

The Macalloy bars were then placed in position and wero sup-
ported at intervals on transverse rods which were welded to stirrups
The profiles of the bars were checked by measuring depths from a;
level surface at top and comparing with the theoretical profiles
furnished by the design office. :The other side shutter was then fixed
in position. Yixtra % in, dia. M.S. rods were inserted for additional
temporary supports for the H.T. bars which were removed when the
concrete startcd setting. The holes left were grouted with rich
cement mortar.

10.2. Fixing of End Plates

The ancliorage units of Lee McCall system are very simple and
consist of an end plate with high efficiency nuts. The end plates are
usually 14 in. thick. Due care had to be taken to set them correotly
in position at desired inclinations. F¥or this purpose, prefabricated
timber shutbers with necessary packing pieces wero uged for
ensuring this inclination,

For facilitating grouting, Lee McCall grouting flange was
bolted to a specially slotted end plate as shown in Fig. 6. The
grout is pumped through a } in. diameter hole in theend plate.
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Fig. 6. (By eourtesy of Mfs. McCall Lid., Lingland)

Care must he taken during fixing of the grouting flange to sec that

it fits squarely with the end plate.
’ 10.3. Checking of all reinforcements, profiles of H.T. bars,
lapping of Kopex tubing, etc., and fixing the forms was completed
one day in advance of the schedule date of casting. Routine checks
were made frequently on the samples of coarse and fine aggregates
for determination of moisture content, void ratio, gradation, unifor-
mity, co-efficients, unit weight, specific gravity, silt content, ete,
Since no variation was observed during this check, the standard
mix was used throughout. One tilting and one non-tilting mixer
machines of 7 cubicfeet capacity each were used for mixing the
concrete,

10.4. Batching of thc concrete for all prestressed concrote
units was done by weight,

The moisture contents in sand and coarse aggregates were
determined from time to time and weights of the field mix wero
adjusted accordingly. The actual mix used in the construction was
(1:1-1/3: 2-2(3) by weight, which is slightly richer than the design
mix. This rich mix was proposed to obtain the designed strength
of concrete early so that the initial prestressing can be done after a
week or so.

10.5. Slump tests were performed on the mix regularly. In the
case of a stifi mix, preper compaction could only be assured by
proper vibrations for which the following vibrators were used :

(1) Trillor brand electrically operated form vibrator for
bottom and side forms—5 Nos.
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(2) Holman brand pneumatic hamwmer vibrators for vid
forms operated by compressed ai Lbralors tar Moo
p.s.i~8 Nos, ! air at a pressure of 80

(8} Ingersof hrand pneumsfic immers; i i
: ) . sion vibrat
with 2 inches diameter needle operated bly ?t;zzr :-{;:;‘:g
air at a pressure of 80 p.s.i.—3 Nos, d

(4) Baxtul brand internal vib i
, rator 2 i
operated by petrol ongine—2 Nois. Wik 2 needo

B} Master Ly i . ;
{ M 28 }ﬁ s,b] and eloctrieally operated inlernal vibrators

{6) Special clectrical] ;
Y operated int i e with
tapered swall diameter needlesi;%ngg vibrators with

The exfernal vibrators wer
‘ : e fixed to the botto
dxsmg;}e oi 4 f6. The side form vibrators wore amﬁigzgﬁgézf ?it a
way that i ss:suiri follow the line of flow of concrete.  Usy i * tho
spacing was 3 6 staggered on the both faces. -l the

contilnou'g’;xs :’)p}?;";%}ilo;h‘;%?1%?1??&%31?({;}& iy obth of he boans o
; . witting any struction joi ’

continuo " ) f LY coustructi ;W
» it wag observed during wctual cotierebing thyd {b}}?c{t ;;g;% ‘liiz

f th

;)ncli §9§;§1‘§§e 3806132% féam the top did not advaree ut the desired
become vertical with th cgrees.  Notually, the inclination te éasg' Lt
places. For this reaw?lre%? b hat Gavisios wore noticed a-tz;e:erag
layers, top and botton. s al was decided to cast the beam in two

, s separately in quie i i
lag between the two castings wag ii{mtac(ll ‘Zi § iﬁfxf}: sior. The time

107 7 i i ihrat
g, e Vieeion i ssstion o
when the beam wasm& ; (‘;rm . vibrators were switched on o)
tOrs were ales v partially filled with conerete. Internu] vit, y
S0 very carefully used, avoiding hittine the she ti?hl m%
: o VAU BRGatny O

the H. T, bars.

0.8, The concretin :
Oneretinyg was started fro 3 ¢
ceeded towards the construction joint, m;ﬁ:f il

conerete in cach sp
S ast beatn was 5 .
casting took about 10 hoygy, kbout 500 ¢

fock and pro-
total volume of the

109, Lumediatel j
Ay sfter the coucret
ﬁ:ﬂ Macalloy bars were ha,mma;gd L;):lu;?xt;
: a;‘ts 1o mortar leaked into the ducts snd cl
G same operation was also repeated next ¢

18 was completed, all
out slightly to check
%}gged the H.T. bars.
ay.

.sérgngth of the concrete, six
utchios b regular intervals,

1030, ¥or asgess
1030, sssment of
6 in. enbes were tuken from diﬁe:ég’t

ubic feot and the
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1i. REMOVAL OF FORMS

11.1. The side forms were removed within 24 hours after
completion of casting. The surface of the beam was found to be
generally good except at the joints of the shuttering pieces which
were rubbed smooth later on with a  carborundum block. Honey-
combing was rarec but when detected was repaired with new

concrete,

12. PRESTRESSING

12.1. Equipment for Prestressing

The following cquipment and accessories were used for the

sbressing operation :

(1) 2 Nos. 42 ton jacks No. 11

(2)  Adapter

(3) Cotter

(4) Packing plate for use when excessive number of

washers was required

(5) Qil can containing bydraulic oil

(6) Adapter inserts

{(7) Ring spanners

{(8) Tommy bars

(9) Spare hoso and gland washers.

12.2. Lee McCall Jack No. L.

The prestressing jack and the hydraulic pump are mounted
on a trolley fitted with a winch for handling the juck and a too}
hox containing the accessories. Mark I1 jack which has a
travel of 6 in.can be used for all units irrespective of their
length. The working space rquired for members of lengths varying
from 80 to 120 ft is 4 ft and 3 in. This space was provided while
laying out the casting yard. The suspension cable and swivelling
head of the rig of the trolley enables prestressing of the bars at any
position. The trolley was placed on @ 6 ft elevated wooden
table and all the bars were stressed from one locasion.

12.3. In stressing opcrations, which are simple, the following
staff was employed :

Labour for pumping — 2 Nos.
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HOSE
INSERT ACAPTER
- OITER j CONNECTER
\
\ . /
.‘ % ‘\
R e N 5
¥4 RING SPANNER LE6S- —_ .
4 BEARING PLATE

pUMP
Tig. 7. (By courtesy of M/s. McCall Lid,, England.)

Juck man for reading gauge — 2 Nog.
Extension reader — 2 Junior Engincers
Nut tightener -~ 2 Matoes

Supervisor — 1 Assistant Engincer

12,4, Hogging of the Leam after prostressing was moasured
by ordinary levelling instrument.  Actual deflection wus found to
tally, within fair range, with the theoretical value when the value
of K, was assumed between 5 % 10° to § X 10% ps.i.

12.5. The general arrangement of the jack for-stressing is
shown diagrammatically in Fig. S. The requisite diameter of insert
was screwed home into the adapter body and the adapter and the
insert were temporarily screwed on to the extonded thread of the
bar. The jack mounted on the trolley was then connected by the
cotter to the adapter and the thrust was transmitted through the.
legs of the juck to the end anchor plate of the unit. The jack was
actuated by a hand .operated hydraulic pump and for the facility
of extension measurement a vernier scule was fitted to tho jack.

The jacking pressure was recorded by a pressure gauge mounted
on the jack trolley.

12.6.  Anchorage Components

The details of anchorage components of the Muacalloy bars
arc shown in Fig. 9,

Mucalloy bars are anchored to the end plate by means of
special nuts bearing on washers, In a long member, it is neces-
sary to couple two bars together to fgrm one unit. For this purpose,
a special coupler isused which is, in fact, two special nuts in one
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Fiz, 8. (By eourtesy of Mix, McCall Litd,, Tingland,)

List of end Anchorage Components

NEMEN RN~

NUT COUPLEER WASHER

Tig. 9. (By courtesy of M/s. MeCall Ltd., England.)

iece. Th t and the coupler are bell'mouthed tr_) obtain the hi_gh
Si;(i)g?enc;f ﬁi.nuWa,shers are of variable sizes depend}ng on the size
of the bar and are usually 3/16 in., 1/2 in. and 3[4 in. thick.

of Macalloy bars are cut with special tools in such a
way 131?:: gSLefe McCa,lly nut when run half-way up yhe thread will
develop 85 per cont strength of the plain b:ar. If the nut is runup tothe
hand tight pogition and then tightened with a spanner so that threads
in the bell-mouth of the nut are forced further up in a spanner tight
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position, a strength of nearly 100 por cont of that of the plain bar
will be obtained. Tt was seen during actual stressing that only
moderate spanner pressure was required to bring a nut from tho
hand-tight position to the spanner-tight position and the movement
of the nut ranges from 1/16 in, to 1 /8 in.

12.7.  Sequence of Stressing

12.7.1. The stressing of the bars should be so phased that
stresses at any stage of construction should not execed the permis-
sible limits. [t was, therofore, necessary to follow a definite
sequence. The first stressing was done for handling and placement
of the beams over the temporary pier. The second stressing way
done after jointing, casting of diaphragms and a portion of the deck
slab.  The third stressing was done after rasting another portion of
the deck slab and the fina) stressing after completing the remnining
portion of the deck slal, The details aro given below : -

(d) Bars 1,2 3 6, 7and s of puter girders were stresged
for handling when the cube strengths attained 80 per
cent of the designed ultimate strength.  Usually, the
required strength wag obtained after & to 10 days.

() Bars 1, 2, 3, Tand 8of inmer heams were stressed for

handling.
(¢} Bars 21 and 22 of support heams were stressad  for
handling,

(1) Restressing of hars 1, 2, 3, 7and 8 of the outer gir-
ders was done to pick up lossos due to elastic shor-
tening. This was done conveniently by tightening
the nuts again. This method of making up losses due
to elastic shortening is particuliely suitable for Leo
MeCall svstem.

(¢) Restregsing of bars 1, 2, Sand Tof inner Deams was

done to pick up losses due o slastio shortening as in
(1) above,

(f) DBoth span and support  beams were erected and

supported ;on temporary pier with n gap of 2ft
exactly,

(¢) Bars across joints were coupled. Diaphragms and the
gap between the ends of the girders over tomporary
pier were concreted. Difficulty was experienced in
coupling the bars across the joint in the case of first
beam due to defect in casting. Afterwards, no further
difficulty was experienced.
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(h) Deck slab concreted from A to B.
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r ROCHES BEALING & PIERL.
{
Hor noLiir samine

(i) Temporary fixing pl
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8st-o" " Tl : ' ; .
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o ’ -
bl s e

Fig. 10,

ates of bearings were removed to
allow the rollers to come to their normal position

ibi t in
gsing. Initially, the rollers were not put i
:ﬁg?: sﬁgi:;nlg position in consideration of elastic

shortening due to strossing.

i . less
ttained a cube strength of not :
t\gffﬁ;m ?f %%%reg)&?, bara 9, 10, I1, 12 and 13 were

stressed across the joint.
Deck slab concreted from B to 1.

from Cto D a,tta.i.ned a cube
e lflcl)ef g%(i)]f) IS)I.:.?., bars 18, and 19 in the beam
itr:‘gnl% 16 17,, 94 and 25 in the deck were stressed.

Temporary pier was then removed and placed at the
next span.

t and
ining portions of the deck slab were cas

;I‘v%:;eﬁglcongrgte attained the required cub(; str?;xg;;}}:é
bars 4, 5, and 20 (20 in the outer beam on y)t e
beam and bars 14, and 23 in the deck were ts ;(;sse; d.
Bar & was restressed to make up losses due to elastic

shortening.

(o) Finishes, footpaths, hand rails, ete., were then

completed for this span.



474 SAMADDAR AND Roy oy

The same procedure was re '
$ repoated for all atlier X }
anspended span re a slight iffey et et b
ma,(}i)e. P where g slightly different arrangement had {o be

ereetz?l tlixg case of the suspended span, aftor she boams wore
were cast and Iig;ltmn, disphragms and complete  deck  slab
the remaining bztresnwgiz %onere;cc attained the requisite strength,
Were completed. siressed and then finishes, footpaths, otc.,

12.8, Stressing Procedure

’l‘h Pl 184 Gdlu‘ j
. \] > © dOSC!‘}de helo i
SEL‘ ,‘\1?‘/0‘}()]5} (’l»l-ld ]“.5 T(}(E()]!n“ende(l . v Was f()und t() 1)‘/ '-/Xt'rcnu’ A

It ! v x'r
() Stressing bars Jrom both ends

() The threads ath
! avhoth the ends of haps
' : s ars were 4
cleaned with g, wire brush and oiled, whex}(f. r??cfﬂoql‘?l"yy

i) N .
(ii) ]lzggé]s;mé %«* rg}zlxén}l)):r oftwa.;ahers Wero put on so that thoe
I extending over the
washer at each end iy exactly 4-3/§ inneé:: piute on the

i
il ;I[_‘}(l.eéﬁg}ge; Wf’ s then run up ag far ag possible so that
times the br: "Sgth of the thread in the adapter is 17

he adapter rshc:!?]lfxlmtﬁ:;n(m this case 13132 i”"*“‘/“)-
indicate that there Wwas no c;f:srgtlf:gg%n;n the har fo

A% j

{iv) ’l"‘l‘e};g Jacli)vygjs moved up with the piston in the forward
rcleaselir :Il 1on and the cotter wag put home. The
e ve was then closed and the jack was pumpod
hegan o a;; f{or;'ectly seated on the endiplate and haq just
o o ta g oad.  The zero extension in the vernicr
34 then eaféh‘ Pressure was inerensed at the rato of
o 86 01 stage for both ends simultaneously and
corres £on mtg bextenmous were noted to see that
e ension at both ends was almost equal. If not
Afterp o sure was put;at the end having lesser extengion.
oy e total extension wag read, the gauge
roadin g; xlrvere noted and verified with those of tho
theo fou:d(:"zes‘ In almast all cases, tho pressures
were | L to be within plus or minys 5 per cent of
eoretical values. At every stage, watch th
gatge readings was kept in order o seo Whetl? . tho
stressing operations were in order. An excer i g
elonga,t.xon. without corresponding rise in 'gck -
would indicate that the bar was jammeé sonﬁaw?suze
A sudden fall in the jack Ppressure would indicatz It?;'&é
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oither the concrete had failed or the rod had snapped.
1t the gauge pressure incressed with jerks, it would
indicate excessive frictions at some points which were

being overcome during stressing.

{v) When the degired total elongation at both ends was
achieved, the nuts were followed up with ring spanners
and tommy bars and weve fnally tightened until the
needie of the pregsuve gauge fickered, indicating that
the nuts were taking up the load. The jack was then
refeaged gradually and removed o the host position,

Photo &,

(Y Stressing bars from one end

{ii Threads at hath onds were thoroughly eleanetd with &
wire brush and oiled, where necessary.

(i} Opp standard wagher 3/16 in. thick and a nut were
put at the end where the jack was not being fixed. The
nnt was then tightenmed firmly till it was driven
completely home with a tommy-bar. The other end
was held fixed by means of the jack so as to preveny

rotation of the bar.

(i) This end was noxt pushed il the washer was firmly
seated against the end plate.

{(iv) At the jacking ond, necessary washers were added so
that the projecting thread length was exactly ¢~3(8 in.
When ware than 1 in. thickness of washers was
needed, it was decided ta transier some thread length

on to the nor-jacking end.

(¢} The nut wes then cleatied and put on and tightened by
a ring spanner till it was driven completely home.

The adapter was then run as far a5 it went, but in no
case lfess than 12 diameter, Se., 1-31/32 in., was

infringed upon.
{vi} The procedures (iii} and (iv) of (s} ahove " wore
repented.
12.9, Some Essential Precautions

(a) The only purpose of provivding the sheath was t0 prevent
consset between the high tensile voads and the concrete. Henceo,
before putting up both Yhe side shutters, extreme care wad taken to
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check whether the sheathings were damaged anywhere. 1f so, repairs
were done with black tape.

(b) Particular care was needed in placement and compaction
of concrete round the end plates to make cevtain that there was no
spongy concrete,

' (c) Extreme carc should he taken in working the needle
vibrators as otherwise the sheaths might be damaged causing ingress
of mortar inside the ducts.

(d) The jack trolley must be placed clear of the line of
@rtfﬂht,; and no person should he permitted to stand hehind the
jack.

’ (¢} End plates should always be fixed normal to the diree-

tion of stress. This is checked by running a nut ‘ ate
and checking the gap. d # pto the end bt

(f) The weight of the jack at all times must be ta@n by the

winch and no weizht should fall on the bars which might cause
bending of the same. '

(g) Proper record of prestressin i
, _ . g of the bars of the different
beams, :should be carefully maintained. A typical record of
prestressing of bar 19 of beam No. I, A , is given in Table 9,

12.10.  Grouting Procedure

The aim . was not to leave : j
' . . ave any bar ungrouted for n long period
in a stressed condition. AP

For the purpose of grouting, the ducts wore flushed with water
under jrressure to wet the sides.  The excosy water was removed
from the d\}cts by compressed air. Cement was sieved through o
200 mesh sieve to remove any fumps or large particles which might
eanse a blockage during injection. Cement and water were measured
by weight kecping wator-cement ratio between 0.40 to 0.50. . Water
was added gradnally to iform a thick slurry.  The slurry was then
poured in the gr_outing machine and it was forced throuéh the duct
by compressed air working at a pressure of 80 p.8.i. until grout
was expelled from the other end. That ond was ;then sealed and
the pressure was built up in the cavity hefore sealing the grouted
end. During the process of pumping, the grout was kept well
stirred to prevent initial setting, The onds were plugged with
wonden plugs which were left for » day or so. When all the ducts
were injected in this way, wooden plugs were taken out, mild steel
bars provided for protecting concrete behind the end plates resefi
and finished with 1: 2 cement mortar,
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Prestressing chart
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RBeam No 1, A, Bar No. 19. Date of prestressing 8-8-60

n, joint end)

Bar end A articulation | Bar ond C (const
) © b
g L & ) 3 b @ g I B &
8] 8 @ g g 321 % [28al Sa
e PEu| €n {5 ¢ 588! 48
E : ° ’—"a: O%) : : | H':S, ! ";
Sl S, 1238l 58 | 80| Sw 33% F7
| EX |58 25 (38 EE HSE BF
S| = = B 5 A
B e ke
00 0300 ‘ 0o 244
| TR N
T '—(“ l ; T
5  0.466 1 .166[ 0.166 1# 5o 0.400.;, .16 0.15
i { : i
i l J ': .
10 ! 0.600 ;. .134 . 0,300 10 [ 0533 f 133 ] 0.289
‘ S U B
e TR e ——
15| 0.866 | .268 : 0.5662 15 | 0.688, .155 0.4t
- T T
e ! } '
20 \! 1.000 [ 34 Q.66 j 20 0.844 , .156 = 0.600
| o oo3s | 25 | w6 | 0750
25 | 1.233 . .233 09331 23 | L00n ) 136 | 0.756
* |
; ; i !
:m; 1400 . 167 0 L1006 30 L1553 | 155 001 ’
! | ‘
! - —_— “
o s
35 1600 200 z 1300 | 35 | 1.322f .167 | 1078 .
\ ) -

l

|

1688 . 088 1388 40 ' L s | 2

|
|

4.8 &
]
Sk = n
TELD a
Solg .3 [
~Tclawsal €
s 3| E
Epi SR8 O
SR80 A&
I
!
!

|
I
2,91 { 2.90
!
i
i

b

o ! "
42 ) 1733 | 045 | 1433 ‘ 44 1.677,’ 166, 1433
Add initial extension) 4 go9 0.022
due to compression 1455 {455

of concrete

In the ahove case, the vequired olongation was 2,90 in. and the
obsorved olongation was 291 in. which was satisfactory. Friction losses

were caleulated according to Morrice & Coolay.
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13. ERECTION OF BEAMS

13.). As already stated, the adiacent s
) an
beams were to be placed temporarily ovex{ a tem}?omr; r:‘ilpsg&p});:
jointing and casting the diaphragms, deck slab, ete, As thlza tem-
gorfu‘y éner was to support about 125 tons of load, it was properl
esigned. It was to function till the unit became solf supporting y

comp?éfé O;Téle tom%ora,ry pier designed for supporting 125 tons load
AR _numrqrs of steel stanchions, each comprising  one
BET . which In. X5 in. R.8.J. resting on 2 numbers of 12 in. x 5 in.
Ut in. with Savnd“;ﬂ;"_“m,_ rest on road hearers 9 in, x 9 in. X
of the temporary pi ing, in between. The longitudinal central lino
contral lins of t}y P;)Cl_ wag designed to coincide with the Jongitudinal
femporary of e bridge whereas the transverse central line of the
foundation wrilnes (lino with the faco of tho span beam. Tho
side by side in {1 o isted of 28 mumbers of road bearers placed
baso, which w0 longitudinal direction supporting the stanchion
anglos and b:m Conne(;te(} b0 the road bearers by means of cloat
'if'ns were snitz(;)lgrla};ﬁ;eldmw‘v;éh2911 l;,ll iq/;i in. thick. Tho stanch-
‘ <y 1n, $in x 1j s
nﬁ&i‘;‘;ﬁ“fgﬁj""x"@ms 0¥0r the temporary pier were mads with &
the stanchion k o . 8.3, 12 15 § in. long, holted to the top of
oeping a gap of 12 in.  Timber packings were placed

height of the temporar 8 to fit the curvature, The standard
stanchion to the toppof mf sg;ctz W;"‘i) 82!? tfgﬁt ffrom fhe haso of the

ats. it the fi i

ziﬁgregzifé l)se;mms ;»vere to be seated, deep excufrfm(};ioi)o: ew}ve?'f; ;vr:::\cgf
Since deep ex Ty Une 10 the extreme undulation of the river bed.
might lea.g éo?ils;flggl;;l qu:;l:;(mh s proximity of the casting bed
changed to salballah trestlos, %ﬁgztmgtl beams, the arrangement was

133. There was practicall
ally no load on the to i

:gebsll:gﬁort %).ea,{ns except the nnbalanced workingmﬁgggyggr 3‘;3{1
slat only,l2‘5 1;1:::11:1?&1;?1 load to b((al earried by the temporary pier

s ns, was spreq. i
;};?illow véﬁgnd:}mo?s w(elre a,doptgd in t;)x:m(']:‘y s;ﬁ:ilgﬁﬂgf 12{1%0 :r::;

. re the Ioundations wore to be placed | i
:a,lb'auéxh pll!hngs were rtesorted to ag lll. ;:gzggt?grml: ; (;1}11:::16’}9’
Igantli; sn;a] scours, However, such foundatians were {nl a few
In o} et places, where the velocity and depth of water w):ara not
:\?ggf&h v%efr’; ()pzrgt;)(’ﬁ?e; solmg was laid under tho base and the

Te y & rin | i

boulders for protection againet p%s;ivglel ecl)isﬁ)unnny boge Blled with

13.4. Precast heams after boing prestressed were lifted up

from their casting beds by means of slings attached to the beams
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approximately 7 £t from either end in case of span beams and 5 ft
from the centro line in case of support beams. The slings were
fixed to pulley blocks hung from the gantry. The beams were
hoisted by crab and winch and then laterally pulled by means of
travelling trolley mounted on gantry girders. Photo 9 shows
hoisting of the beam in position. )

13.5. Trestles supporting the gantry girders were made of four
steel columns having 12 ft by 8 ft base. Each trestle was composed
of 4 in. x 12 in. X 3 in. R.S.J. stanchions braced with 2} in. X 2% in,
x 1/4 in. M.S. angles. The < N type gantry girder was 46 £t long,
4 ft deep and made of angles and channels, Maximum designed load
at the column base including its own weight was calculated as 32
tons. Since there was no other load except the vertical weight of
the beams to be handled, the stanchion base was madec of 4 f 6 in. X
3t x 9in. deep R.C.C. precast blocks resting on well rammed
sandy base. The wind force was taken care of by guy ropes
attached to dolphins driven 10 ft into the ground. The height of
the trestle was so fixed that there was adequate clearance between
the top of the beam and the bottom of the gantry girders.

The clearance below the overhead girders was kept 14 ft over
the seats of the temporary pier, thus giving a margin of about & ft
over the moving units. Some adjustments were necessary on account
of undulations of the ground level. This was done either by excavat-
ing the ground or by placing precast R.C. sleeper cribs.

13.6. Lifting arrangement of the beams from the casting yard
was originally planned with 15 ton chain-pulleys mounted on trol-
leys. But, during actual design, dimensions of the girders had to
be changed causing an additional weight of 3 to 4 tons, which the
chain pulley blocks were unable to carry when the first shore span
beam was being erected. The teeth of the worm gear were badly
damaged and the pulley block had to berejected. Later on, the lifting
was done with the help of crab and winch. Mechanical advantage
was taken by using & differential pulley block which reduced the

mechanical effort from 18 tons to 3 tons,

13.7. While lifting of the beams was done by means of crab
and winch, 'its lateral shifting and lowering in position were done
by the trolleys moving over the bottom flanges of 15in. X 6 in,
R.S.J. gantry beams bolted to the bottom flanges of the N girders.
The trolley was a small one with a central pinion, the shaft of which
could be revolved by operating a chain wound round a drum atta-
ched to its end. The pinion in turn drove two worm gears which
had.rollers attached to the shafts of the gears. The rollers rolled
over the bottom flange of the gantry beam and thus imparted the
lateral movement to the precast beams. Due to mechanical advan-
tage, the trolleys loaded with the beams could bé moved easily by

six labourers at each end.
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13.8. Yor picking up the beams from the casting bed, special
cradles were fabricated. Theso cradles wore made of M.S flat 9 in.
x 3[4 in. bolted ut the bottom to a double channel 8 in. x 8 in.x 1/2
in, supporting the bottom flunge of the beam. The top of the
cradles consisted of o M.S plate 9 in. x 34 in. with a 4 in. dismeter
hole for fixing the lifting pulley. The open spaces between the cradle
and the beam werc packed with timber picees and wedges to prevent
wohbling during lifting.

13,9, After lifting the boaw to the required clevation, it was
moved lalerally by the travelling trolleys and when it reached
correct position, the heam was lowered down s0 as to sit onthe
bearing. 1t was also made certain that the gap at the construction
joint was oxactly 2 ft. This space was required for coupling the
rods. After the beams were lowered into position, diagonal struts
werc fixed for preventing overturning.

(i) 'The hoisting arvangements were made very simple so0
that ordinary workmen could handle the same with case. However
the first accident occurred when the imported chain pulley block
failed. The sccond one took place when one of the towers suppor-
ting the gantry trusses fell down on account of a heavy gale possing
over the work site with a speed of #0 n.p.h.  This demaged tower
hit the end of one of the support heams in position  and thon fell
down on one of the span beaws lying on the beds ready for
boisting. The beam got tilted and struck an adjacent heam which
fell on the ground and broke at one place making the beam unservi-
coable. However, it was fortunate that no one was injured. The
work of salvaging the other heam which was not dnma,go.d was
continuing at the time of writing this Paper. ’

. CONCRETING OF CROSS BEAMS AND DECK SLAB

1 In thxg connection, there is n_otlzing very rauch intoresting to
report excepting the arrangement for raising the conerete from the
river bed to the deck level.  For this purpose, & mechanical hoist
25 £t Ligh was crected.

The hoist consisted of a vertical frame muade of M. 8.
sngles and plates. The inside face which carried the bucket was
greased. Steel rollers were fixed to the sides of the bucket which
was lifted through the hoist by means of a power winch. When
lifted to the required eclevation, the bucket was moved laterally and
concrete released by opening o latch. This improvised mechanical
arrangement was found to bo quite satisfuctory. On au wverage,
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about 150 cu, ft. concrete could he carried to a height of 25 ft per
hour.

15. CONCLUSION

It will be evident that the system of deck structure described
in this Paper has two inherent disadvantages, namely, (i) the con-
struction must proceed from both ends of the bridge, and (2) if any
one span gives way, then all the spans in between that span and the
suspended span, including the suspended span would fall down. As
such, its use, though economica) over simply supported spans, should
not be adopted in road system of strategic importunce.
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INTRODUCTION

A review of the Road Research carried out this year by the
various Research Organisations in the country indicates that main
emphasis has been laid on applied Highway Research. Many syste-
matic investigations for improving the existing roads, as well ag
for construction of new roads are reported to have been carried out.
The study of soft aggregates for use in road construction has also
received considerable attention.

Some fundamental work too has also been reported by Central
Road Research Institute to explain the chemical reactions of clays
calcined at different temperatures. : .

This report has been compiled on the basis of Reports reoeivéd
from the following Research Organisations :

1. Central Road Research Institute, New Delhi.

* Compiled by the Dircotor, Central Road Research Institute, New
Delhi-20. :
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Engineer Research Wing of the College of Military Engi-
neering, Kirkee.

Highways Research Station, Madras.

P.W.D. Research Institute, U.P,, Lucknow.

B &R Research Institute, West Bengal.

B & I Research Laboratory, Punjab.

Engineering Rescarch Department, Andhra Pradesh.
Mysore Engineering Research Station, Krishnarajusagar.
9. P.W.D., Gujarat State.

10. P.W.D. Maharashtra Stato.

W

No @ kW

o

0 ‘It is {ikely tha@ there may be some omissions due to some of
¢ reports not having been received in time for compilation of this
report. It is, however, hoped that such points will be brought up

dllr' é d‘ Ccus i g {
L h hh ns S0 axs to mﬂvke th(} re )I‘t i
g ' IsScussions § N ( p a8 Comprehenslvc as

After brietly reviewi ke i i
ub th ooy bric )~l} reviewing th(? .WOll\ done, salient points are given
Of cach section to facilitate discussion.

L. DESIGN, CONSTRUCTION AND MAINTENANCE

1. RIGID PAVEMENTS

L1. Design
General

In continuation of the work on measyr

differentials in concrete pavements, being cargggn:u: fb Till?epgmttur?
Road Rescarch Institute’; cement concrete slabs 14 fg X l2efrtl; mf
4in., 6in., Sm., 10 in., 12 in. and 16 in., thicknesses have been Ot
in the premises of Central Road Research Institute. Tem :88

measurements at different depths were recordod by .u.utomagiem on.
tinuous recorder, nsing thermo-elements. Similar master-st?a.t?°rx1:
are proposed to be set up in different zones of the country for coll;) c-
ting data during the peak temperature differential and peak temee-
rature period. Arrangements are being finalised with the Chief
Engineers of Punjob, West Bengal, Maharashtra, Andhra Pradesh

Madras and Kerala for completing in their States at Jullundur,
Calecutta, Poona, Hyderabad, Madras and Trivandrum respectivel ’
construction of similar slabs 10 f6 X 10 ftand of 4 in. 6 tu. 8 .
10 in. and 12 in. thickness for this investigation, =~ =
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1.2. Construction and Maintenance
1.2.1. Field Experiments
Pavement for tracked vehicles

In continuation of previous investigations, the College of
Military Engineering has reported further work on the effect of
tracked vehicles on cement-concrete and stone-set pavements,
conducted by subjecting them to 20 straight and 20 slewing passes
of a tracked vehicle. The data obtained so far is under study ;
to obtain more information it is proposed to continue these tests
and to subject the pavements to 200 passes—straight and slewing.

Bonded Concrete Overlay Test Track

Based on the laboratory work done on overlays at Central
Road Research Institute, as reported last year, an experimental
stretch, one furlong in length, on the existing 3 in. thick cement
concrete road between Hapur—Garhmukteshwar has been provided
with a bonded concrete overlay.

The required thickness of monolithic concrete pavemont
designed for k-value obtained by plate-bearing tests on base course ;
using Westergaard Formula as modified by Teller & Sutherland for
load stresses, and Thomlinsons analysis for temperature stresses,
was found to be 7 in. : '

Assuming that it will be possible to ereate perfect bond between
the overlay and the existing slab, it was decided to provide a 4 in.
thick overlay slab so as to make up the 3 in. thickness of the exist-
ing pavement to the required thickness of 7 in.

For obtaining bdnd between the existing pavement and the
overlay thereon, the following procedure was adopted. The existing
surface was thoroughly cleaned of all dust, traces of bitumen, etc.,
and was then treated with commercial hydrochloric acid diluted with
equal volume of water, at the rate of 7 1b per hundred sq. ft.
After the effervascence stopped the surface was washed copiously
with water to remove all traces of acid. On the dried surface, a
thin slurry coat of 1:1 cement-sand mortar was given just in
advance of concreting operations for the overlay.

As the joints in the existing pavement were 33 ft apart in the
overlay, expansion joints were provided 99 ft apart and intermediate
dummy contraction joints at 16} ft apart.

On a section with cracked old pavement, to assess the efficacy
of reinforcenent in prevention of reflection cracking in the overlay,
M. 8. reinforcement was provided at the rate of 8 1b per square yard
in the overlay.
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It is proposed to cut out co
. res from th -
ing bond strength between the ox isting pave;lg;?: :;%c%h?;§:3:;Ct-

Quality Control in Pavement Construction

Concrete mix used for the overl
N .
flexural stren‘gth. By quality contr'gl Wba;% ’r}(}:sfligrl)ed :
use ofsmg]l size swing type weigh batcher, t )
a field mix with a coefficient i
order of 10 per cent only.

or 650 p.s.1.
d laboratory, and
_bateher, 1t was possible to achiev
of variation in flexural strength oflthg

1.3. Field Surveys and Pilot Plant Studies
1.3.1. Al India Survey of Puzzolanic Clays

The Central Road Research Institute has
) Roa eare stity 8 com i

(;-}ug:;cgig I()iltg);)sllqts in fRa]astl}an State for the ing:;tfg;f;:gézzf’;f
oS e ir‘1‘\r0( él_a,s Or usc 1 mortars and concrete.  Qut of ;hl
33 deposits in stigated, it was found that twelve could vi 13
peactive psuc‘h a,;as‘.;‘ However, for exploitation purposes n};;;
facto es, such, 8 the nearby ]qoation of cement fuctorio‘s li .

» OF other important engineering construction works, the ’acétezz

to the deposits, facilities of
consideration. tranpsort, etc., have to bo taken into

1.3.2. Pilot Plant Experiments on Industrial

Reactive Surkhi Production of

The Central Road Research Insti :
experiments on the controlled cu.lcinaxt{:)i‘tl)tr;3 o??;sla,;:g:fd %ut limited
tesy of ‘Shl‘l Ram Institute, New Delhi, usin 2;“3, the_ cour-
rotary kiln with a view to produce a reactive surk%li thelr .011-_ﬁred
specified minimum lime reactivity strength. The inte at W1l'l give 8
of rotary drum was 15 in. and itg length 10 ftrnﬁ-l dmmqter
upon the rate of charge, the speed of rotation g 4 hDop_endmg
travel of the material and the tcmperature gradient £'tlt' e
it was found that the temperature of firing at theld'lm the kiln,
could greatly excced the optimum temperature dete lgcharge end
laboratory on small, stationary samples using a,e ripined in. the
The exact conditions of operation for each kigln anlguﬁie furnace.
optimum production have to be evolved through experi material for
the particular kiln and the type of material &edm.etnt”‘tmn' For
that a production of about 5 tons per day at a cost of i?, o pond
of groupd surkhi was possible. Further experiments witt;h49 oy
ments in the kiln and with other types of kilns are sod to b
undertaken. proposed to bo
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1.4. Laboratory Research
1.4.1. Admixtures in Concrete

Use of Clinker and Fly ash in Concrete :

The Highway Research Station, Madras, has reported the results
of further tests with a local fly ash both as a replacement and as
addition to cement in mortars and conerete®. The results show that
while in mortars there is little fall in 28 days’ compressive strength
for mortar cubes upto a cement replacement of 10 per cent, the
concrete cylinders showed some reduction in strength at all

percentages of replacements.

The Railway Testing and Research Centre ab Lucknow, has

reported the results of their extensive investigations on the use of the
Joco coal ash as a puzzolanic replacement of cement in concrete®.
It is shown that with a 20 per cent replacement of the cement,
the same strength of the plain concrete without imparing any of the
other properties of the concrete could be obtained by reducing
the water content and adjusting sand content. A procedure for
making the mix design adjustments has also been evolved.

Surkhi as a Puzzolana

The reactivity of surkhis prepared from loamy soils in U.P.
was investigated by the P.W.D. Research Institute, Lucknow,
starting with 3 soils with a clay content of about 25, 29 and 30
per cent®. Two of these soils are clay-loams near the border-line of
clay and the third is a clay as per the triangular classification. Of
these the clay-soil and one of the clay-loams passed the 1.8. Specifi-
cation of lime reactivity test with values of 845 and 765 p.s.i. respec
tively while the other clay-loam failed, with a lime reactivity of 403

p.s.i.

The Road and Building Research Intitute, West Bengal has
reported an increase of about 6.7 per cent in the 28 days compres-
sive strength for concrete mixes with 30 per cent surkhi replace-

ment of cement’.

The Central Road Research Institute has carried out some
fundamental work on pure and mixed oxide systems that can
throw some light on puzzalanic reactions®. It has been revealed for
the firat time that certain parallel relations exist between the requi-
site structural conditions for the effective functioning of a Silica-
Alumina cracking catalyst used in petroleum industry and reactive

uzzolana of the alumina silicate type. These include the tetra-
hedral co-ordination of the Aluminium, the strain in the bonds and -
the ‘acid’ charoter imparted to the silica alumina by the AlO,

pa.rt,
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Air-entrained concrete for Road Construction

The P.W.D. Research Institute, Luck
study with a view to evolve suitable ;nix“iiez?; }flg,rs :}ldertakg n a
zonget_e, éxsmg the Rxhgmd Air Entraining Agent as m:r;slt}tr:meg
y Rosin Co. Ltd. Bareilley. Work is reported to be in pro, ;':e;;re

14.2. Test on Cement and Concrete

R.elatnonsh\p between Water/Cement ratio and Com

Stve strength of concrete made with Indian Cemei:lrtess‘
eeme&; :;)‘;’guix:‘?z;z?n (t)fdthe previous work, two more hrands of
oot wore fnve n&?n ﬁ at the Central Road Research Insti 2

ot nber of cements so far i
purpose 0 six.  Studies completed so far indi

Partial Replacement of sand by soil in Cement Mortar
vear Eg:ulgzzms.giighway Research Statio
year s i with g, second soil which is a sand 1 i

1. oY Per cent silt and 6 per ceng clay? ymcigmh NS 6}6 vid
> 23 a liquid

\imit of 28 ang icitv i
plasticity index of 15 i
was replaced by this soil in a ) : 4 é@?fﬁfﬁt percentage of sand

dard sand. The results indicate thag mortar using stan-

n has continned its last

(1) the compressive and teps;
. . tensile strengt
xsx;s)?vtzd3w1th the partial replacer%elrl:t; %ff thed mortars
(2) th %0 30 per cent, and 20 per qan respseségiv:))y this
) ta;are ‘lts a general increase in workabiliy X Y,
tar with increasing replacement of 1ty of the mor-
investigated. sand, for the soil

Tests on the effect of sand
re :
of the mortar cubes are in pmgresi{lcement By soil on the durability

Correlation of Compressive,
strengths of concrete

The Madras Hi

flexural ang split tensile

e ghway Rese, i
of their investigation usz‘gga 1 :azrch Station bas reporteds she results

: . B% ‘ 4 concrete wi
of 0.55, on 8 in. dia x 12 in. high evi; Wwith water ge: i
ot . eylind cement ratio
t:nsﬂe strength tests and on G%n. xyﬁl?n_e};s2g°’i'n"°g199ressxve and split
strength in both cases 28 days after casting. A stat, ams for flexural

the results revealed the following relationships istical analpsis of
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Flexural strength = 3.59 x Cylinder strength 0.6244 Split ten-
sile strength = 1.91 x Cylinder strength 0.6723

Assuming the cylinder strength to be } the cube strength,
similar relationships, between flexural strength and cube strength
a8 also between split tonsile strength and cube strength have been
derived. The later relation i.e. the relation between split tensile
strength and cube strength is shown to tally well with results
obtained from similar studics in and outside the country.

Strength of Mortars and Concrete with different aggregates

The P.W.D. Research Station, Lucknow, has studied the effect
of using (1) a local fine sand (Gomti sand), (2) A coarse sand (Banda
sand), (3) stone ballast (Jhansi grit) and (4) overburnt brick ballast
previously soaked and without soaking, on the strength of
concrete®. The mixes tried were 1:2:4 or 1:3:6.

The results also reveal that the concrete with soaked brick
ballast gave much higher strength than made with the brick aggregate
without soaking. Comparison of the 1:2:4 mix using Banda sand
and Jhansi grit with that using Banda sand and soaked brick ballast
revesl that even though the strepgth of the latter is only about 80
per cent of that of the former, it is feasible to get satisfactory concrete
using overburt brick ballast in place of stone grit in areas where
good stone aggregates are not available at reasonable cost.

The P.W.D. Research Station, Lucknow, has also investigated
the suitability of some locally available fine sands as such or after
mixing with coarser sands in masonry mortars for some bridges®,
The coarser sands always gave better strengths than the local sand
apnd the admixture of the two usually resulted in some improvement of
the local sand, the extent of improvement varied somewhat with the
proportions employed and the individnal characteristic of each sand.

Mix design for lean concrete base course

Experiments connected with the laying of lean concrete bases
with black top at Mount Road in Madras, are described by the Madras
Highway Research Station. A 1:16 mix using a coasrse aggre-
gate grading of 66§ per cent of 1 in. and 334 per cent of } in,
msterial has been recommended.

1.4.3. Alkali Aggregate Reaction

In continuation of the previous work which indicated that
certain microcrystalline or highly fractured or internally strained
quartzites could exhibit alkali aggregate reaction in concrete, fifty
aggregate samples from different guarries comprising mostly of
quartzite, trap, siliceous lime stone and sand stone were chemically
examined, for dissclved silica and reduction in alkalinify, by the
Central Road Research Institute,® Some of these including a fow
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quartzites showed possibilities of Alkali

Further confirmatory work using mortar bars 2 dgrogate  Reaction

is in progress,
1.4.4. Resistance to Sulphate Attack

ihat 1;11':‘\}7710;1;10?{71013( wtt ‘?110 Central Road Research Institute showed
oy Calol ed at a temperature of 1000°C imparted better
Sompared o s i Pl rpcomont of cent

. : : > eratures. ausible
zzéﬂ;l;;l;‘»;gs X)i‘ t(})usfphenomenon has been §1lgges€:3.“ AAtP}'E)l(l)‘glOéf‘
i5 1n the form o} é;‘ rom any clay after its structural disintegratior{
aluming. e ;;lk? high temperature gamma alumina or alpha
strueture and W11 3 comparatively better crystallinity, ordered
alumina is in thm}(l'u%ed m%t}WW-' At lower tempera,t’ures the
forn of s e1 igh ly rgactlve, microorystalline, low tempera’nture

o2 —hadL, —H 0, marked reacti i ingi

formation could take place only with éﬂ}el:c::;x;tlie‘araed;r;gr;o (])Eftt;;ﬁ.gﬁfz

alumina as obtained f
. _obf 1 irom clays caleined af 1
Hence? Ettringite formation and the consequeﬁzver peraturos:

hlghel tempela,tul‘e. EX[)EI lmellbal WOIk 18 beln,, urldf:[ b&'kell t'o
. -9 .
ver lf y t-!h-e Vallldltly Of bhe a.bOV (54 hypothesls ;
1.4.0.

Use of Blast Furnace Slag in Road Construction

Work at the Central Road
k¢ U R
samples of blast furnace slag fro?ieaﬁgl IILInist
indicated that the slag could be used in b
a8 also as an aggregate in concrete, !

itute on representative
ndustan Steel Ltd. have
a8e course, wearing course

1.4.6.  Joint Sealing Compounds

Continuing the previous i '

S > exper s
fng;negrgng tried 2 bitumen basgd lcuéleril}fgu;}ée ‘Sggege :f M1htaryf’
a(,)r (ér ]gmt dsea,hng.- This was found to be unsatisf at o o
pounds based on pitch and road tar with 25 per centacb?t?t;l Coxtx:(i
en a

less, mixed with syntheti r wi
e v 1c rubber with plasticisers are being

1.4.7. Expansion Joint Filler from Coconut Pith

The Central Road Research Ingtj
€ 8 se gtitute has it i i
gn tl}:. e(;onomwal production of premoulded ngﬁ B stufiles
Y binding coconut pith into sheets.! Trial e
hot pressing the mixture of coconut pith, rubbers{ tvgere. e oo
vulcanizing materials and accelerators, Pty wiih, certa

latex content have given & product sabis Experiments with reduced

. fyi ;
recovery, compressive strength, extrusionylggd-the requirements of

» according to the A.8T.M. designation D 544?53 th?fhguéﬁgzﬁ

—

y-
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product produced appears to be competitive both in cost ar}(’\j in
quality. Final investigations working out the practical details of
production which could be undertaken by the coir industry are Imn
progress.

1.4.8. Brick Concrete Pavement

With a view to develop an economical type of road structure,
Central Road Research Institute has commenced a study on evolv-
ing a brick concrete pavement in which the central zone in the
cross-section of concrete in a concrete road is proposed to be re-
placed by bricks in view of lower order of stresses developed in the
central zone as compared to the extreme fillers.

Laboratory experiments on the compressive and flexural
strengths of composite concrete specimens with brick cores are in
progress. The results so far obtained on 8 in. cubes and 6 in.
% 6 in. x 30 in. beams with replacement of central 50 per cent of
concrete by bricks, show a loss of only about 5 per cent both in
flexural and compressive strengths of concrete.

Based on the results of laboratory experiments, suitable specifi-
cations are proposed to be evolved for construction of an experi-
menta) field test track of brick-concrete pavement.

Sailent Features for Discussion w;
(1) Use of lean concrete bases. i T e
(2) Use of brick aggregates in conggétq,e;i' Lol
(3) Industrial production of reactjfe gup)i’hx

4) d
(6) a e gng(
(6) Tow
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2. FLEXIBLE PAVEMENTS

£

2.1. Bituminous Pavements

2.1.1. Design
(i) Pavement Performance

From the reports received this year it is encouraging to note an
increasing trend towards scientific field investigations into causes of
failure of existing pavements for determining remedial measures
for reconstruction. Many investigations both on flexible and rigid
pavements, have been carried out by different research laboratories
in the country, during the year under review.

2.1.2. Construction and Maintenance

(i) Field Experiments

(a) Observations on the performance of the various specifi-
cations with different quantities of bitumen and aggregate laid on
an experimental test-track, conducted by C.R.R.I.,” during May-
June, 1959, are in progress.

{b) C.R.R.IL* has constructed a test-track on the Delhi-
Mathura Road to study the following :

1. TUse of anti-stripping agents in surface dressing and
in premix works using binders; bitumen 80/100 and
Road Tar, RT-3; the anti-stripping agents used are:
Doumeen-T, Fetro (developed in C.R.R.I.) and Turkey
red oil and lime.

2. Use of precoated chippings for surface dressing ;
precoating was done both with 1 per cent RT-3 and
bitumen 80/100.

3. Use of rubber in bituminous surface dressing with
80/100 bitumen.

4. VUtilisation of low-temperature tar as a road binder.
The binders processed from low-temperature tar were
used for surface dressing and premix works.

The test-track was laid in May, 1961 and is under
observation. .

{¢) The experimental sfretch on the Mount-Poonamallee
Road, laid by the Highways Research Station, Madras*, using the
additive, ‘“ Adhevia-T” with both wet and dry chips continued
to be under observation for the behaviour of the surface under traffic,
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Mastic Asphalt Pavement

(d) The Military Engineers experimental wing of the College
of Military Engineering, Kirkee®, have laid a mastic asphalt
pavement partly on an existing bituminous road and partly over
an existing concrete pavement. Different grades of bitumen, viz.,
10-20, 20-30, 30-40, 80-100 and 180-200 penetration were used in
varying proportions with aggregates } in. down, fine sand washed
and dried, passing 1/8 in. and mineral filler—limestone powder and
cement-—passing 200 mesh sieve. The entire mastic asphalt pave-
ment was subjected to accelerated tracked load traffic. The results

are stated to be under study.

2.1.3. Laboratory Research

(i) Dense Bituminous Mixes

Different aspects of the design of bituminocus concrete are
receiving attention of various highway organisations.

In the C.R.R.1., investigations were continued on the design of
dense graded asphaltic concrete mixtures®. Research work on
the possibility of using silty soil® as filler in dense asphaltic mixture
was carried out. Silty soils with P.I, values ranging from 6-14,
which cover a wide range of soils, were tried. It has been observed
that silty soils having a P.I. upto 14 can be used as a filler for dense

- asphaltic mixtures.

Highway Research Station, Madras State*, reported to have
taken up a study to find the comparative merits of fillers such as
cement, granite quarry dust, lime, flyash and their combinations
in asphaltic concrete mixes. The study is said to be continuing.

Highway Research Station, Madras State*, designed during the
year under review asphaltic concrete mixtures for two different
roads. Hubbard field and immersion compression tests were used
in the design. The same tests were used also in the design of mix
for the binder course of the heavy duty asphaltic concrete pave-
ment for certain roads in Madras city.

Study on the swell and absorption charaeteristics of bituminous
concrete mixtures was continued in the C.R.R.I.5. A rapid test for
the determination of swell and absorption has been developed.
The properties of the compacted mixtures are evaluated on the
basis of an index of absorption/swell. Based on a series of tests,
it was found that a temperature of 140°F with vacuum of 10 in.
of mercury and duration of 30 minutes represents the best combina-
tion for determining the absorption, swell and reduction in stability
of the mixture. '
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(ii) Stripping of Bituminous binder

. . . . f
i iew to improve the poor adhesive characteristics o
somevZ;t?h: Zggregates I\:vhich could be 115sed for . roa,q works, furtht(a;
investigation was taken up by CRRI lzy using different type;.x
anti-stripping agents, such as Doumecn-T, Adhevia, T, Wet Fix,
Udol-522 as well as Fetro, developed in C.R.R.I.

P.W.D. Research Institute, Lucknow,"_ has reported that
efficacy of Udol-322 was tried as an anti-strippmg agent. Tt v‘ias
found that addition of 0'5 per cent resulted in marked improve-
ment, in the adhesion between aggregate and binder. Work with
moist aggregate is in progress.

Highway Research Station, Madras St.ate‘*, continu.ed. thel;'
study on ‘“ Additive! for improving adhesive cha,ra,ctqustlcs. o
aggregates . Additives taken for study include Adhevm-T: llm(;
and Turkey red oil, creosote, tar, Doumqen-’l‘, creosote SOluﬁIOIl.O
Doumeen-T, waste oil and cashownut oil. The degree of adhesjon
was determined by static water immersion test, chemical immersion
test (i.e., modified Riedel and Weber Test)

and immersion-compres-
sion test. The investigations are stated to be still in progress.

Highway Research Station, Madras State*, u
comparative study of various adhesion tests to evaluate a reliable
method of test. The various tests considered for the study i 8'1'3
(i) Riedel and Weber Test, (ii) U. 37 German Test, (iii) Modifie
Riedel and Weber Test, (iv) Plate Test, (v) Static Water Immer-
sion Test, (vi) Immersion compression Test, and (vli) Immersion

Wheel Tracking Test. The work is in progress for conducting these
tests on different types of aggregates.

have taken up &

(iiiy Precoating of overburnt brick-grit

Effect of precoating with tar and
wasg investigated at P.W.D. Research
percentages of binder were tried.
dered suitable to coat the gris.
pinder was thinned with an eq
Further work indicated that p
thinned and 1 per cent mobile
considerably.

bitumen overburnt brick gnt
Institute, Lucknows. Various
3 per cent binder was consi-
In order to cut down the cost, the
ual quantity of cheap mobilp-OII-
recoating with 1 per cent binder
oil improved the quality of the grit

(iv) Cutbacks !
In continuation of the study directed towards deciding
suitable cutbacks for surface dressing” works in different tem-
perature zomes, the C.R.R.IL. _conducted investigations for

measurement of fall of binder temperature with lapse of time, at

various pavement temperature, ranging from 15.5°C to 60°C%. 1t
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was found that the fall of bin

der temperature in relation to time at
any pavement temperature js exponential in behaviour, ie., the fall

g the firat 15 minutes, and becomes
Further work is in progress. '

(v) Prevention of foaming in bitumen and tar

Road and Building Research

Institute, West Bengal® carried
out some investigations to find

out the effect of severa] reagents
such as lime, Adkevia-T, silicones and Turkey red oil for assessing

their comparative merits gg anti-frothing agents of tar and bitumen.
It is reported that lime hag insignificant effect on defrothing of tar

and bitumen (containing 3 per cent water), whereas silicones,
Adhevia-T and Turkey

red oil can be utilised as antifrothing
agent to tar and bitumen,

(vi) Weathering and Oxidation of Road Tars

This study by and large, concerning the evaluation of the degree
of weathering “and its effe

cts on the physical characteristics of the
Indian Road Tars, is bein

g carried out by the C.R.R.I". Laboratory
accelerated weathering tests like thin film oven evaporation, pressure
oxidation, Infra red and ultra violet irradiation test have heen

of road tars, namely, RT-2, RT-3, and

T Was maximum

found to be very
tion characteristics of road tars. Further

Salient points for discussion

1. Use of anti-stripping agents to
between binder and aggregates,

2. Use of cheap filler material in dense bituminoyg
mixtures.

improve the adhesion

BIBLIOGRAPHY

1. Report on Field C.B.R, tests on Nations] Highway No, 8, on Baroda.
Kathore Section between Mile no. 283 & 213—P.W.D., Gujerat,

2. A noteon« Design of Left Bank Approach Road to Narwada Dam
Site "—P,W.D.,, Gujerat.

3. Report on Road and Building Research Institute, West Bengal from
1-4-80 to 31-3-61.

. Annual Report of Highways Research Station, Madras, 1960-61,

. Annual Report of Contral Road Research Institutg, 1960-61.

8. Report on Road Research Work carried out in the “Military
Engineers Experimental Win

g of the College of Military Engineer.
ing, Kirkee ™ for the period 1-4-60 o 81-8-1961,



506 GENERAL REPORT oN

7. Brief Report of the Working of Road Research Wing, Mysoro
Engineering Research Station, Krishnarajasagar, from 1-4-60 to
31-3-61.

8. Annual Report of P.W.D. Research Institute, Lucknow, for 1959-80.

2.2. Water-bound Macadam Roads

2.2.1.  Use of Cement Stabilized Moorum as filler in W.B.M.

The Road Research Wing of Mysore Engineeri

Station!, Krishnarajasagar, reported constructi%)n of l:vgo Eﬁiﬁ:ﬁfé
about a furlong each, in water bound macadam, where the moorum
used for filler was stabilized with 5 per cent and 7% per cent of
cement by volume respectively, to improve binding quality of
moorum and to observe the wearing quality of the Tesultin sur¥ c

It was stated that the moorum-cement mixture was curged foa M
week to allow development of strength ; however, the traffic \2&2

allowed on the road during this period als
observation, P 80. The stretches are under

2.2.2. Study of Aggregates for use in Road Construction

Study of aggregates has recejved
dilf(flerent research laboratories durin
a ition to the work carried out at Central Road Researc i
23 on phg testing _of aggregates to assess their suitabilit}; Ifl:)?fgsg
work, similar studies have been reported by the States of Gujerat *
West Bengal,” Uttar Pradesh® and Madras’. The tosts gengerilc
conducted are for determination of specific gravity, watergas::rpy

tion, aggregate crushing values, Los An eles abrasi
attrition value, and stripping. geles abrasion value, Deval

a good deal of attention from
g the year under review. In
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2.3. Soil Roads including Stabilization
2.3.1. General

During the year under review, there has been great enthusiasm
among the engineers to use local soil and consequently longer
lengths of roads have been constructed using stabilized soil. Pilot
projects on the stabilization of soil with soft aggregates, which were
sponsored by C.R.R.1.! were extended during the year to the States
of Jammu and Kashmir, Mysore, Orissa, Kerala and Andhra
Pradesh. Reassured by the success of these projects, the States
of Uttar. Pradesh and Rajasthan are taking up longer lengths.

The use of processed soil us a part of the designed thickness of
road pavement has heen taken up by the Uttar Pradesh State
P.W.D. for construction. of about 500 miles of roads during the
Third Five-Year Plan.

In waterlogged areas, the use of soil, stabilized with lime, has
{ound successful application as a sub-base or base cowrse for road
pavements in the State of Punjab. Encouraged by the initial
results longer lengths of roads with similar techniques are being
taken up.

It is expected that the decision of the Planning Commission to
persuade the States to devote 1 per cent of the cost of the road
construction in Third Five-Year Plan to Research Development
Projects will givo further fillip to the use of local materials in road
construction.

2.3.2. Stabilization of Black Cotton Soil

Based on some work carried out in the U.P. P.W.D. Research
Institute,? Lucknow, on the effect of common salt, alum and white
limme on black cotton soils found in Jhansi area, it was indicated
that by adding 4 to 5 per cent of common salt or 3 to 4 per cent of
white lime (CaO) there was an improvement in the shrinkage charac-
teristics of these soils.

The use of lime for stabilizing black cotton soil was
reported by C.R.R.I.! wherein it was shown that soil when mixed
with lime and compacted, developed sufficient strength ; and this
fact can be advantageously employed for the purposes of partly
replacing stone soling with treated black cotton soil. It is observed
that all earth roads in black cotton /soil areas are rendered almost
impassable during rainy season and, therefore, would require some
type of treatment to enable the traffic to pass over them. Experi-
ments have shown that addition of 5 to 10 per cent of calcium
hydroxide to the black cotton soil, at ashigh as 50 to 60 per cent
moisture content, would impart enough strength to the soil, to
enable light traffic to pass over [the road. This strength is retained
only as long as water contents are high.

1
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2..3.3. Mechanical Stabilization

Pilot Plant lengths sponsored by the C.R.R.I. using soil,
stabilized with soft aggregate in road construction, were completed
during last year in the States of Madras and Mysore. The same
technique has been extended to States of Orissa, Kerala and Andhra

Pradesh. Longer lengths using the same methods ure bej
up in the U.P. and Rajasthan. 8 are being taken

Tetar Pradesh® i

_ In Uttar P’radcsh', experimental stretches were constructed
using the following variables for the wearing course to study their
relative performance.

A, Soil - Kank: ; s ax X
(l)f kankal;,l ar mixes using 35 per cent and 40 per cent

B. Soil - Brick mixes using 40 per cent brick

: ' ag :
but using first class, overburnt and third cl ggregates

P ass bricks.

. earng courses cousisting of wholly kankar. brick
balle_m_t, brick on edge and flat bx?i/ck in pl’a,cef l(i);
stabilized soil wearing course,

For base courses the variables introduced were Stabilized soil

buse course, compacted kankar and flat bricks. The average traffic

on this d is 3
p_eriocll. road Is about 200 tons and goes upto 400 tons in peak

The use of local moorum (called i
. e u . ¢ gravel in the Stat X
@J ;\I_yDO}e), deposits, complying with the principles ao‘fas;licﬁi;filcﬁ
stabilization has been successtully tried by the Madras Highwa
Research Station?, The exact place of such material il% '0'2{
pavement was determined on the hasis of C.B.R. tests o

Upder the Pilot Plant Scheme of ¢.R.R 1
one mile each, using soil-gravel speciﬁca.tioﬁs.
in the  States of Jammu and Kashmir, K
lengths are reported to be giving satisfacéory

» road lengths of ywbout
have been constructed

erala and Orissa. The
service,

2.3.4. Chemical Stabilization

Research work on the stabilization of sojls
been in progress in various research laboratori
use of small concentration of chemicals like Arqy

all concent I : ad 2HT, F
D.D.B., Cationic Emulsifier and Silicone,. wag reporg:il eg:l?:s:c l')r):

CRR.I ! and it was obsetved that A
Silicone gave better results than other chell;gilé:.%.z HT, Armae T and

with ochemicals has
es in India. The

1n continuation of the work mentioned last year b \
It nuation | the ¢ ,
of Military Engineering regarding the improvexynent 1);1 li;ala(;gil‘l;g;
characteristics of some soil groups by the addition of small concen

’
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trations of dispersants like Sodium Jexa-meta phosphate and
Sodium-tri-Polyphosphate, it had now been stated* that the dis-
persant treated soils gave higher densities than untreated soils for
the same compactive effort. Regarding improvement in strength
characteristics of soils pretreated with these dispersants before the
admixture of cement, compared to those where cement was directly
mixed, it had been said that soils of C L group gave best results.
It was also reported that highly clayey soils did not respond as well
as those in C L group though their response was better than silty
soils, and that the black cotton soils gave very variable results.

College of Military Engineering carried out some work also
on the treatment of different types of soils with quaternary
ammonium salts. The four types of ammonium salts tried are
given below :

(i) 2HT—75 per cent Arqud Dialky! Quaternary
ammonium chloride.

(i) 1250 per cent  Arquad-Alkyl Quaternary
ammonium chloride.

(iii) 16—D50 per cent » »

(iv) 18—b50 per cent » »

It was stated that the results obtained, so far show that the salts
produce some wa.ter_-proofness, but no gain in strength.

2.3.5. Cement Stabilization

Stabilization of local sand with 2 per ceent cement in connection
with the design of sub-base over a sandy subgrade was tried by
Madras®. .

Sand stabilized with 2.0 per cent cement was found to be more
economical than sand-moorum and sand-clay mixes in’ some of the
reaches for the particular conditions existing there. West Coast
Road Division of the Bombay P.W.D. conducted® a field experiment
on the West Coast Road, for studying the relative performance of
soil-cement and the conventional soling and W.B.M., as bases for
concrete pavements when constructed on a high embankment soon

.after it was raised. 1t was observed that both the sections have

developed cracks. As the report did not contain detailed informa-
tion on the degree of settlements within the embankment and mode
of embankment construction, etc., it was not possible to draw
specific conclusions from this experiment. Fox" this particular
locality where trap stone is cheap and available, it was found that
the cost of soil cement base worked out more than the cost of
conventional W.B.M. base course. ’

Work on the stabilization of soils with cement is also in
progress in the Roads and Building Research Institute, Government
of West Bengel®.
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3. BRIDGES AND STRUCTURES
General

1t is gratifying to note from the reports recived that mnore and
more interest is being taken by organizations in the country for
seiontific appraisal of problems connected with highway bridges and
structures,

3.1. Superstructures
3.1.1. Investigation of bridges for load-carrying capacity.

The Highways Research Station, Madras, was called upon to
ascertain whether Napier Bridge at Madras could take up a gross
load of 130 tons ; as some packages of heavy equipment ranging
in weight from 63 to 98 tons received for the Neyveli Lignite
Project at Madras Harbour had to be transported over this bridge
on 32-ton tractor-trailers.

The bridge was tested for the pay loads of 63 and 98 tons
using the 32-ton fractor-trailer. Deflection observations were taken
and strain measurements were also tecorded for a limited
number of points. Due to the complex nature of the structure,
it was not possible to calculate deflection of different members,
for verification by actual loading tests. Tt was considered,
however, that from the order of deflections under test loads, and the
extont of recovery on removal of the loads, a rough idea could-be
obtained regarding the behaviour of the structure under load.
The strain measurements helped to see whether the stresses
developed under test loads are within elastic limits. On the basis
of this test, the bridge was considered safe for the load proposed to
be carried over the bridge.

3.1.2. Use of Prestressed Slabs and Blocks for Strengthening of
Culverts and Small span Bridges

The Highway Research Station, Madras, continued work on the
use of prostressed slabs and blocks for strengthening of culverts and
small span bridges, by evolving a design for post-tensioned compo-
gite beam. As stresses are induced due to differential shrinkage
between the old members and.the fresh concrete added thereon, a
gtudy has been undertaken to devise means to minimise the
stresses, '

3.1.3. Testing on Wire-grips and Anchor-plates of Gifford-Udall
System of Prestressing :

The Highways Department of Andhra Pradesh has reported

_the results of tests carried out on Gifford-Udall wire-grips and # in.
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2.3.6.  Stabilization with Lime and Molasges

Lime stabilication seems to have in '3 icati
throughout the country as revealed from theé’ otk b application

: : work being conduet,
;&rn_)us laboratories. B and R Research L&boratary% cﬁ&ﬁfifgiﬁ{
urjab carried out work on the effect of lime on the stabilization of

soil (silby elay type) in the Presence of i j
_ - Prese nereasing pereentages of
sgdxungh suiphiate; the main tests carried out btﬁn\f; rx:g:;}?xgeﬁise
:};regg , weﬁ‘tmg :and drying ¢ yeles and CB.R. It was 1 ported that
© a1y compressive strengths without lime, with difierent percentages

of sulphate were almost the sa

of me but as the percentas i
1‘1‘meased, the strength showed g tendency tol fall \ii?le{)fin} ltlsﬁz
vase of wet blocks the results were in the reverse ordc;

The results of the sa
value of s0il containing
(ranging from 0.1 to 1.6

me laboratory indicate thut tieo CB.R
g.xtz:re;r)m pe.rc;t;tagea of sodium su}_‘(‘lhz.m;
‘ ‘ ' nt) varied from 6 to 30 wigh 1di-
tion to 2.5 per cent lime compared to a value of .‘;‘npbout:“lnp;‘t I(X:Zx?bd ?olr

an untreated soil specimen, 1t indi
\ . was also indicated the N
Iresence of sulphates, the per cent loss pat ovan i the

: in i i ;
drying cycles can be reduced by addition ofwl?é%:t’ " wetting and

Tri I .
vials with lime for impro

. \ vement of we ade i
soils were also in progress in Road and Bu? dgeados and Wi

West Bengal®, U.P. DAY b Iding Resoarch Institute,

. . Research Ingt 3
Wing of Mysore ‘Engineerinvg Rese&rcr;f gg::io 34 Boad Research

Rosearch Section of the Raj on®. The Railway
Organization, Lucknow?,aﬁi?f Research, Designs and  Standards

gauiz ] ' cported that lime stabilizati
being tried for some Railway embankments in blackscggtlcl)if :gnic;r;r:gs

A stated last year, work an evolvine ificati
trathic roads in rural areas hag showntgiﬁihspemﬁcatmns for light

ofl are 3’:} %5 per cent lime and
. ) N Y & sy iy
g eoure mixturo (stabilied with brick aggmt?giii?léiffd otos
gua, ity oﬁ the eruss mproved considerably even without an mrzu:e
reatment.  Bus, uibpr two years of trafiie the supt ‘y BRI
showing signs of abragsion. » W surfuce sturted

2.3.7. Bituminous Stabifization

Stabilization of sand with bitan
Research Station, Madrags. Itzhw::ﬁiit:?lstfponed b
wen alone to sand, while increasing its registance t
of water, does not add appreciably to its strengtl o
As mentioned last year, the addition of 2 A
small percentages of additives like C
raise the stability value of the soi} mix
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Addition of cement and Hyash or lime and flyash was found to
further increase the stability of sand bituminous mixtures.

2.3.8. Study of Subgrade Moisture

Studies on moisture suction characteristics of soils and sands
are in progress in C.R.R.I!. to determine the effect of density on
the suction characteristics of different solls and sands having
different fineness moduli. A knowledge of these relationships
would be very wuseful in determining the moisture contents
at which different soils will be in equilibrium for particular condi-
tions of water-table prevailing at the site,

2.39. Low Grade Aggregates

Preliminary investigations in C.R.R.I', on mooram samples
from West Bengal®, have shown that some of the moorums respond
very favourably to treatment with lime, thereby making them fit
for use in the upper layers of road pavement.

2.3.10. Use of Radio Isotopes for Quality controf of Highway Fill
construction .

The principle that gamma rays are affected by the density of
the media through which they fraverse has been made use of for
determining the dry bulk densities of soil in situ a5 C.R.R.1. Cobalt
60 was used as a source of Knergy. The work using different
soils at different moistures is in progress.®

Satlent Points for Discussion
1. Relative merits of lime and cement stabilization.

2. Impraving the road construction in black cotton soil
area.

3. Utility of soil coement base in place of W.B.M. under
concrete pavements.
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thick anchor-plates, with a view to ascertain their efficiency beforce
adopting the Gifford-Udall system of prestressing for « bridge to be
constructed across river Godavari. ' )

_ Tt is reported that 7 mm. dia, HTS wire, when tested using
Gifford-Udall grips, gave ultimate strength 5to 10 per cent less than
that obtained by using grips of the standard testing machine, due to
biting of serrated wedges into wire during prestressing. As against
the } in. ghppage between the wire and anchor grips suggested by
the suppliers, actual slippage of the order of 1 in. was observed for
10,000 1b prestressing force. The 3} in. thick anchorage plates
shgwed appreciable deformation and high stress concentration,
going bevond yield value in the middle region, under test,

_Asa basis of this investigation, it was decided to usc | in.
t!nck_ end-plates and to use lower design stresses to allow for reduc-
tion in wire-strength due to grip-bits.
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1I. TRAFFIC AND TRANSPORTATION
i, GEOMETRICS, ECONOMIGS. STATISTICS AND SAFETY

L1, Geometrics
1.1.1. Design of Road intersections

Beports of the Contral Road jResearch Institute’ and the
Madras Highway Research Station® ingicated that work on scientific
lines was continued an the design of intersections fo enable free
flow of traffic on some of the busy intersections in Delbi and Madras
respectively. Tmprovements suggested for some of these intersec-
tious include introduction of 4-phese fraffic signals, separate Jane
for right-turning vehieles, widening of the earringoway, ete.

1.1.2. Parking Geometrics

A study has beetr conducted by (LR.R.I to find out the park-
ing areas required for different types of vehicles with & view to lay
down geometrie, standards for parking reservations, Suitable
layouta for parking of different types of vehicles under varying
gizos of areas for suggesting the economie size of parking lots were
also stadied.

1.2. Economics

1.2.1, Effect of delays at road-rail crossings on the Economics
of Highway Transportation

As reported in the last session, work on this aspect is heing
continued 0 CRRILY -

1.3, Statistics and Safety
1.3.1. Parking Standards

The growing parking problem in various citios of the country
is further aggravating the traffic problem. A preliminary study
of tho parking problem in Delbi a8 a case sbudy, was carried out by
¢ R.R.1 during the year under report. Various causes of the prob-
lem a8 indicated by the study are (i) rapid expansion of vehicular tra-
flic, {ii} no planned terminel facilities for passenger buees and tracks,
(iii} lack of loading and unloading fscilities, and {iv} increasing
number of persons uaing private vehicles as a means of {ransporta-
tion. The study indicates two approaches to this problem i.e.,
{i) controlling further aggravation of the problem, and (ii) meeting
the problem as it exists at present. Towards controliing the problem
fram getting further aggravated, it has been recommended that
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every new structure or substantially reconstructed structure must
have provision for sufficient parking area, for the traffic it is likely
to draw. Tentatively, it has been recommended that for cinema
houses, there should he 250 sq. ft. of parking area for every 2 geats
in the class of Rs 2 per seat and above, and the same area as
parking reservation for every 4 seats in the eclass bolow Rs 2 per
seat. For restaurants and night clubs, & reservation of 250 sq. ft.
should be made for every 2 to 3 seats and for stadiums, a reserva-
tion of 250 sq. ft. for every 4 seats is recommended. In residential
flats, especially multi-storeyed buildings for an income group of
Rs 1,000 per month and above 230 3q. ft. must be reserved for every
family unit. Towards solving the already existing problem, it has
been recommended that vestricted and indicious nse of the kerb
spaces available for parking should be made and underground and
multi-storyed garages should not be constructed until the level
ground area for parking has been fully made use of. For time
restriction on kerl parking, use of parking meters has heen recom-
mended. Reservation of loading and unloading zones and time

regtriction on their use have also heen included in the recom-
mendations.

1.3.2. Parking Survey at Mount Road, Madras

A parking survey was conducted on Mount Road, )
a view to prepare an inventory of
parking needs of different types of
assessed. This survey formed
scheme for Mount Road. Reco
minute kerb parking restrietion

Tadras, with
available parking spaces. The
vehicles including cyelists were
a part of the gencral improvement
mmendations made included thirty-
in Mount Road to induce business
establishments to provide private parking facilities for their
omployees, demarcation of parking stalls, providing regulating
signs, etc. '

1.3.3. Drivers Study ,

A study regarding drivers’ examination, licensing and checking
drivers’ performance for improvement purposes was carried out by
the CR.R.I. The recommendations included driving tests, psycho-
Physical and psychological tests, and an introduction of check on
drivers’ performance by ¢Point System ’, Under this system,
different traffic offences will be assigned different, point values so
that when a driver is convicted of a Particular offence, points for
that offence are added on his permanent record, When' the added

points reach a particular limit, action for hig improvement is taken
by contacting the. driver.

This study has now boen extended for establishing ‘methods for
improved training, examination and contro of drivers. Tt is

’ 5
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in various parts of India
roposed to approach transport operators m various p In
For Pcollecting iggormation on existing x‘netpods.for driver ;rfa.ln;%%;
examination and control. A questionnaire is being prepare: llor k
purpose. Tt is also propesed to invesylgate systematica yf t-11:
methods of testing drivers in Delhi with the co-operation of the
Delhi State Motor Transport Controller.

1.3.4. Speed and Delay Study

i ! oaj t locating various

This study conducted by C.R.R.I.! aims a .

spots 0:1 congeZted routes in Delhi, where ftmfﬁlc ggt: l:l;:g If‘t;eg::(eln&li
structed, and at assessing the causes ol such obstry §

::):gé::nt wastage of time. Traffic surveys of the splected roads artt
in progress by ¢ Floating Car” method which gives t-l:fr avemge
travel speed. Speed surveys on certain _roz.m‘ds in Mab :L;xn a\];{v;al:e
conducted by the Highway TResearch Sl‘ta}gxon(-l, Ma;]}fgiis gercentilg
«pot speed studies using onoscope and based on the ,
.:ggedq p(:she permissible speed limits were arrived at and compared
with the legal limits.

1.3.5. Pedestrian Traffic Study

ians in urban areas are susceptible to maximum danger
fromlzzi:gﬁszr;?zcidents. A study made by C.R.R.I.! on road accxd;atx}::
in Delhi for the past few years has shown that pt.adestrmt‘ntﬁayslmmklo.f
aro increasing. This study which aims at pointing out the lack ;
facilities for pedestrians and the enforcement difficulties porice(alrn;xlfxg,
traffic rules, has heen completed. The reco.mmendgu';xons inelude 11;
provision of side:walks, proper signal phasing, ra.lllmga, .cross-v:ﬁ.
markings at intersections, flashing signals and various other
pedestrian safety devices.

i i ians’ ith a newly

flashing signal for pedestrians’ safety along wi )

desi ﬁed %?R()g'S—\;\{’ ALK sign was installed on an important road in
Nﬂf Delhi with a view to study its effect. The results obtained

are now under study.

1.3.6. Study of Cycle Traffic

i t aspects of the problem f’f cycle traffic in Delhi
and %1:;:7 dI)ﬂ%rie:re be}ing studied by the C.R.R-dl" ({or tge last ft:‘v(;
ears®. Some aspects which have since becn studied an rep%r o
garlier are: cycle traffic surveys and their analysis, suitablo
grades and lengths conveniently negotiable by cyclists, ge?metmc
design requirements of cycle tracks, provision of express cycleways,

.ete.
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Results from further investiga,bion_s on a fe
the problem, conducted thig Yyear, have mdzcat;e
pursuing a two-pronged approach towards tacklin
problem, namely, (a) exercising control on eycle
the cyclists’ behaviour fop making the maximum possible use of the
facilities available at any time, and (b) making every effort for
providing adequate facilities for cycle tra

ffic. On this basis, some
major recommendations have been made.

1.

trafiic to improve

Cycles should be registered like motog vehicles.

2. Every cyclist should he required to hold a riding

licenco. “This is meant 0 improve the hehaviour of

eyelist on the road, as well ag to render enforcement of
the road rules an easier tagk.

3. Parking fucilities for eyelists must be provided around
all new construetions wherever

needed, and also in the
existing areas where these facilities are inadequate at
present.

4. Some safety features should be added to the cycle atb
the manufacturing stage such ay builg in lamps,

reduction in cyele height, luminiscient strips on cyele
pedals, cte,

.

A

For purposes of future planning
to he travelled by eyelists shoy
thon 4 to 5 miley at the maximy

» the onc-way distance
Id not he kept more
m,

L.3.7. Roads Accidents Study

(2) A study to investigate ingo the causes of road accidents
and suggest preventive measure h;

13 been taken up by the C.R.R.1.!
Road accident statistics for Delhi Pertaining to 1958 have been
analysed by the Hollerith Punch-Carg system. The results will be
published separately. The accident

(b) Road aceident records for the City of Madras are being
analysed by the Highway Research Station,?” Madrasg Some preli-
minary analysis for the Past years from 1956 to 1959 has shown that
cyclists were the worst sufferars amongst thoge using slow-moving
vehicles.

Salient Points

1. Functions of 4 phase signals in traffic control.
2. Drivers testing

and training—itg importance in I‘Oﬂdv
safety.

i 519
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i ignin
3. Uses of road accident analysis for designing
preventive measures.
4. Parking designs and standards.

Controls and facilities for cycle trailic.

.le

vt affic.
6. Controls and facilitics for pedestrian trafl
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“SOLUTION OF A RECTANGULAR PLATE SUPPORTED
AT THE CENTRE AND SUBJECTED TO UNIFORM
LOADING ”

By
Dr, R. K. GHOSE,*B.B., C.E., DR. ING. (Dresden)

1. INTRODUCTION

Upward wurping of the edges of concrete slabs, when the top
surface is at 4 lower temperature than the bottom surface, as during
night, is a well-known phenomenon. Under these circumstances, the
edges lose subgrade support and become most vulnerable under
wheel load. The aim of this Paper is to determine, for a slab of
known width and thickness, the economical spacing of the contrac-
tion joints, such that the self weight of the slab is sufficient to
neutralise the warping effect. '

The problem has two parts :

(i) determination of amount of the upward deflection
of the edges of a weightless slab on account of
tempcrature gradient; and

(ii) determination of the amount of downward deflection
of the edges of the slab on account of its own
weight considering that the slab is supported at the
cenfre.

The present Paper attempts to solve only the second part of
the problem, and further work on it is in progress. The solution,
however, has a general application and can be utilised for finding
out, say, the stresses in mushroom slabs, shown in Fig. 1 (Plate I).

2. THE EXACT METHOD

The general differential equation for a rectangular plate
subjected to any form of loading, as developed by Bophie
Germain!, is:

Dv2 vﬁ i; = p ver (1)

* Officer-on=Special Duty, Central Road Research Institute, New Delhi,
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where

E 3
= E__%@T) = stiffness of the plate

&=
I

modulus of elasticity

1+ = Poisson’s ratio

154
=
fi

thickness of the plate

w = deflection of a point on the plate normal to its
surface

and p = load per unit area.
The exact solution of this equation under various limiting
conditions _involves laborious work and in many cases may be very
difficult. Kor practical purposes, however, approximate methods

may be used. For solving this particular problem, the approximate
Strain Energy Method after Ritz? has been followed.

STRAIN ENERGY METHOD

The total energy of a deformed plate consists of two parts :

(1) energy on account of the deflection duc to the super-
imposoed load ;

(2) potential energy.

The energy on account of the defiection = (f »'w (2, y) dx dy.

The potential energy, obtained by summation of the energies
due to normal and shear forces, is given hy :

B D r 6.'w 2 3w\ ? Aw 9¥w
y o= * 7] - C_w 9
2jf[ ax“) - 8y2)+“'am‘* -

+20 -8 (%%’U)-] de dy e (2)

The total strain energy U, therefore is given by :

U=~ 155pw (@ y)dedy + V) o (3)
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For satisfactory use of the Strain Energy Method, function of
deformation of the elastic surface should be such that all the geo-
metrical end conditions are fulfilled and that the deformation
corresponds to the given loading. The approximate solution will
be obtained, if certain arbitrary parameters 84, 3., B3, «-e--s B,
whose values must be such as to give an extreme value to the tota
energy of system including the load, are introduced in the expression

for deformation. Thus if the deformation (E) is expressed by the
trigonometrical polyonym : :

w = f3 (l-—cos Ta—x)—{— 3. ( l——cosz‘;-)'?i)

+ B (l—cosﬂ) + 3, ( 1 —cos f"By_)

a

4+ v By (l—cosz;f) 4+ Bn (l—cos '7_")’/) e (4)

where a and b are the length and the breadth of the plate respect-
ively, then for the extreme value of the total energy (U) of the
gystem, the following must hold true :

ol U U
— = O blinr=ensld B B e =
33 1 ’ GB? 0

3. SOLUTION

3.1. End Conditions

For small deformations, the expression in equation (4) may be
approximated as :

%= (] - cosq—:lf) + B (1 - cos"—;—y) e ()

The expression in equation (4a) fulfils the conditions that the
deformation at the centre would be zero and at the corners
maximum.

. Thus,

w@ y) =0 whenzx =o0,y9 =0

= 3, whenz = :tg,y=o



1
596 (iHoSH OXN

b
=3, wenr=o0y= =3y and

= (B; + B,) (maximum) wher ¥ = = ;, Yy = ﬂ:g'
See also Table 1.

But two more statical end eonditions have to be fulfilled.
Referring to Fig. 3 (Plate I),

(i} Forx = = |2, the moment

ahoat Y-axis (M,) must be zero
8w ?w

- D('“*'““,r e B
ger T gy

(1) Fory = = bf2, M, must be zero
8% i 45)

- D o, i - = {)

( 8]}, +4 6:’:..

Putting the values of » (¢, y) from equation (4a) in M, and M,
under the above conditions, we get

e LT R

i.i?., ,Mu ==

\

ie, M,

i

. . (@)
oo ™ Y 5 WMy
My~ =D [52 pe o8 + 2 s }J

The expressions in eqnation (5) consist of two part i
parts of which, whenz = = o2 andy = « 5/2 gﬁ'r 31 tlﬁngl EJ{; f
sespectively, would be zero, while the minor parts ccmta.iging ® arg
not D in general. As a result, the statical end conditions of the plate
are not fully satisfied. However, the error arising out of this, for
all practical purposes, could he neglected. '

3.2. Energy Equation

For the whole plate, the energy equation (2) ean he writte:n AN

a i bl"l

> ' 3\‘} ;71 b a‘.l ;:U a‘_, -
Vo= 2§ [ ) ST ) ap €
p «j: o .l (8?1‘ + A

v g B T
ay + 2 (1 #) ( 3% 53;) ]d.t dy
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Now by suhstituting the value of ;7 from equation (42}
als bfo 3% w 2
R ( ) dedy
o ] R

als Ve a* _ T
_ g; {) [5{2" %‘31(1 cosa) +

B, (1 ~ c08 ”gy)g] dz dy

nt  ab
=B\% a0 g
Similarly,
@l b/ g~
(4 a—z—gi)g dx dy
¥
0 o
7wy ab
= 8," B8’
Il/.] i,[‘.é aﬁ ao
w T w
P 9 ¥ L d
] [ g g T
o o
aly ble g2 - y
== 2}15\ : 6;5[31 (1 - 008 -*{—;) +B‘ (} - 08 W}; )]
€ [

¢ e ry ‘
. 5%,7 [ﬁ‘ (l ~ COR a) ~4 8 (1 —~ COR 7}7-)] dx dy

e
=2 3 B g

if

N

/

r .
aly /2 2w\ ‘
[2 {1—u) (Wﬁm a?l) ]d:c dy

al
ahd j
i)
a/:g b2

conenf [Tt 16

!
o

4B (3 —~ cps %—)}]Qd:xdy
= 0
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7‘.4

-ab 1
V:=2D[B“2 ol S_;_\Bz?"%'?

T2
. 57)]

Similar], by substituting for @ in the first part of eqn. (3):

?12 b o

Gk
- (131 cos - 4+ 3, cos 7;—;’! )] de dy

b
- T+ 2 B, B,

I [y ®

SpACING OF CONTRACTION JOINTS

"4
ie, — | pab 1_2_ +2D"T-‘@-ZB(
™ a 8

+ 2 Bs I =0 )

U

and

(b) 3B,
ie., — [pab (1 - %).{.2)9 [%"; %?,
= 0

=0

w2
252 +2Fﬁl' ’J]
(8)

Solving the equations (7) and (8) for 8, and 3, We get

- l
- uof [(Bl + B g - (131 cos T Jé
2
5 B, = a (»n" - 84 2—2—) P ]
+ BQ x ] dr
a'}
1—4)[ ‘ b e b A B: = Q. b*(—n?—s/t-.). P (10)
i (B +Bg)2.2——.__2___'/31.;:- 2 b)
+ b a where § is a factor depending upon D and # and
Bz - ] 9 4
11 Q= 55— :
= 4p{ab (g, 4«52)(4 - Z“)} T R 7 P
"
, _ 0.88 (1 — x3)
= pab(8, + 32,(, - 2) T (64pT — ). E. 2k
™
Hence equation (3) can be written as 3.3. Bending Moments and Deflections
[ = ) 9 Let us consider a few critioal cases, for which bending moments
L= [P Byt B) (' *;\:) (M, and M,) and deflections are found out.
™ iti . (6
+ 2D {B‘f I g;b g T ab Rewriting eqn. (5), , .‘
’ bR My=~D B,.-ﬂ—.,.cosﬁ-{—l‘ﬁﬂ.ﬂ—-;,—.cosﬁy
+2 B, 8, = v 71t g a A b
10 - ] {8) Y b e ny a? ~z
= - s T — .= . 008 — |,
Now for the extreme value (maxima or minima) of th ® [B‘ EER + 1B a* a]
energy U of the system, the following must hold trye of the totsl . N
e: Case A: z = y=0, i.e., centre point (I) of the plate, in Fig. 3.
(a) 5"%7—— = 0 (Plate I).
| .
,n'.‘ ,n-‘.'
@ My = "‘D[Bx . ‘3?“‘"!‘13-: . '6‘2‘]
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0 Ma= =[BT 0s T
and from eqn. 4 (u)
(e} wiz,y} =10
CaseB: v = * a2, y = + b2, e, corner points (LI) of the plate.
() M, =0 '
(b) M,=0
€ wizy =3, +53.

CaseC: 2 = + /2,y =0, L.e., mid point (III) on the shorter edgs
of the plate,

(n) My=0
y My = — [)[B: 7:-)«]
(¢) " (.C, Z/) = [31

Case D: & = 0,y = = b2, i.e.. mid point (1V) on the longer edge
of the plate.

o o5 %]
() M, =0
(‘3> w {x, .’/) = [3'

Once bending moments are obtained, the stresses (g} can be
very easily calewlated from the simple Bending Theory.

¢ = ‘g_ , where Z is the section modulus.
, 3
Therefore, Oy = 2h3”

and 0 & = ?'2‘%: , 2h being the thickness of the plate.
4. 'TABLES

Values of (3, 8, and 3, are displayed in Tables 2 and 3 and
Fig. 4 and 5 (Platel) for the followirg conditions (predominantly suit-

SpaciNg oF CONTRACTION JOINTS

‘soncrete road conditions) :

(a) Material: Concrete
(b) E =3 x 10° kg[em?
(¢) p=02

d) b= 3m

TasLE 1

Values of deflections w (z, y)

531

» y w(z, y) Remarks
0 0 )
*a/2 0 Bt a and b length
o o and breadth of
the plate respect-
0 = b/2 B. ively
= o2 « b2 B1+Bs
TaBrLy 2
Values of {2
2h p ‘ B
(om) . (kg/cm®) (kg—lem—1)
19 0.2 3 % 10° — 0.208 x 10~1°
20 0.2 3% 10° —~ 0,037 x 10”10
30 0.2 3 x 102 -~ 0.011 X 107'°
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TasLE 3

Values of 3, and ,6,»
[See Figs. 4 and 5 (Plate I) also]

(# =02, E = 3x 10* kg/cm® and g = self wt. of the plate/cm?)

2 h a Remarks
(e} {m) alb 8 B
{ T o )

3 ! 1 —2.00¢ - 2.00q
4 133 | —6.88¢ —1.66¢

10
5 167 | —17.3¢ ~1.30¢
6 200 | —36.54 -0.82¢
3 1 -0.23q —0.25¢
¢ | 133 | -088g | 021 | Negative sign moans

20 downward  defloe-
5 1.87 —2.16¢ —0.18¢ tion
6 2.00 ~4.56¢ ~0.10¢
3 1 ~0.08¢ ~0.08¢
4 1.33 -0.25¢ —0.06q

30
5 167 | -~064q ~0.05¢
6 2.00 ~1.33¢ ~0.03q
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the Road
to a Better Tomorrow

All alone...before him a hazardous toad
to progress which he and the nation must
follow. So much to be done. Dams built,
steel plants erected; roads developed,
improved, extended. For the road to a
better tomorrow depends on better roads
today. Roads treated with Burmah-Shell
Bitumen.

Bitumen is hard-wearing, durable, inexpen-
sive. Bulk handling, pionecred by Burmah-
Shell, has considerably lowered its cost. In
addition, services of skilled Burmah-Shell
engineers are made available.

Wherever there’s need for better roads,
airfields or hydraulic works, there’s need
for Burmah-Shell Bitumen.

Qur photograph shows
Mount Road, Madras which
was re-surfaced recently.

For this a 2!’ thick Hotmix
binder course using
Mexphalte 30/40 was used,
with a finisher for laying

the surface.

BURMAH-SHELL BITUMEN FOR BETTER ROADS




MILLARS

HIGHWAY COMBINED DRYING & MIXING
MOBILE UNIT

Batch Capacity : 8 Cwt.
or 10 Cu. Fc. mixed
material.

Output: 4 to 7 tons
per hour.

®
Most Mobile.
[ ]
Rapid Mixing.
[ J

Mixes any type of
asphalt including hot
sand asphalt

Mix analysed and approved by Road Research

Board
UK., and the Fede oard,

ration of Coated Macadam Industries.

. . .
Extremely efficient drying from controlled airflow through' drum.

° - . .
Positive Removal of damp air prevents recondensation

® Special desi i
‘ p gn of bitumen hopper ensures accurate volumetric
measurement and clean discharge into drum

° . . I
No risk of bitumen igniting because combustion chamber can be
sealed off.

© ® Over 100 units in India.

MILLARS’ TIMBER & TRADING CO,, LTD.
BOMBAY 27.

|

iii

In 1860, it took
the Rani of Jhansi

1 day to travel

from Jhansi
‘{4"‘ to Cawnpore!

Today, by road, it takes 45 hours! secase ways
medern asphalt highways are engineered for safer, more comfortable and quicker
transport. ‘These asphalt roads last longer, ride safer and provide more miles of wider
roads for less money. It is not surprising therefore that Caltex Asphalis
are increasingly used to build madern highways siretching like giant
ribbons across the country. Also used for roofing, battery boxes and

many other items. Write for Caliex Technical Service and Advice.

CALTEX ASPHALTS

CALTEX (INDIA) LIMITED Bombay - New Delhi « Calcutta » Madras

caL.3. A
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INDIA'S OWN

TO EXPAND AND IMPROVE HIGHWAYS
ALSO
TO BUILD A ROAD TO EVERY VILLAGE

AGRIND FABRICATIONS LTD
Factory: P2J2, Taratolla Road, Calcutta-24

NOW OFFER

AGRIND-MOORE ROAD ROLLERS

DELIVERY : 20/120 DAYS
N Distributed by
UNITED PROVINGES COMMERGCIAL
CORPORATION PRIVATE LTD
. 6, Ganesh Chandra Avenue, Calcutta-13

ORANCHES AT—-BOMBAY, DELHI, GAUHATI, LUCKNOW,
MADRAS, PATIALA, PATNA.

SERVING
INQUSTRY
AND THE
FARM

»ps/ar-1akis

Used in more than 50 countries...

GIFFORD-UDALL
PREST
SYSTEM

for both pre-tensioning
and post-tensioning

The economic and efficient Gifford-Udall
Prestressing Systems are used in more than
50 countries for diverse projects — both for
pre-tensioning and post-tensioning.

Road and rail bridges, factories, godowns,
public buildings, aqueducts and subways —no
job is 100 big or too small for Gifford-Udall. &
Available: Prestressing jacks ¢ Anchorage
assemblies ¢ Grout pumps * Shutter vibrators

Take advantage of Killick's design and consulting service.

KILLICK, NIXON & GO., LTD.

{A wholly owned subsidiary of Killick Industries Ltd.}

This is our 104th year of service,

Bombay: 31, Murzban Rd., P, B, No. 109, Fort, Bombay 1. / Calcutta: D-2, Gillander House, 8, Netaji Subhas
Rd., P. B. No. 719, Calcutta 1./ New Delhi: 10A, Gobind Mansion, Indra Palace Lodge Annexe, ‘H’ Block,
Connaught Circus, P. B. No. 607, New Delhi./Madras: Agutchand Mansion, 35, Mount Rd., P. B.
WNo. 2735, Madras 2, / Abmedabad : Relief House, Relief Rd., Opp. Jyoti Sangh, P. B, No. 128, Ahmedabad.

KNE. G. 26



For maximum efficiency — economy
Fit |

TPg Batteries

in your Industrial Trucks

Ram Truck

All-round saving on battery costs

Compared to ordinary batteries for
industrial trucks, STANDARD TPg
Traction Batteries offer a higher
capacity -to-weight ratio, an
increased service life up to 1009/,
longer, and a saving of up to 109%
in battery costs,

Write today for full detailg!

Sldnddld — India’s best Batteries

STANDARD BATTERIES LIMITED, Bombay 55

Battery-powered industrial truck

TWISTo 4 ()
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FERTILISER STORAGE SILO AT NANGAL

The 312 m. fong storage silo at Nangal, Punjab, has a width of 33 m.
at the floor level with 20 m. height to the crown.

The Silo is constructed of precast segments erected to the pr;a_ﬁle
and connected by cast-in-situ joints which are prestressehd. ] w:)
conveyor bridges run at 7 m. and 14.3 m. levels above the floor,
for the collection and distribution of fertiliser.

The structure has been designed and con.st.r.ucted by wus for
The Fertiliser Corporation of india, Nangal Division.

Specialists in: Chimne
. neys
Bridges, Harbour Works, Cooling Towers, Water T°"fe"s'E :l:nwoZk’
Silos, Dams, Jetties, Hangars, Power Stations, Factories, Ear ’

Foundations, Weirs, Syphons, etc., etc.

GAMMON |INDIA PRIVATE LIMITED

CIVIL ENGINEERS & CONTRACTORS
HAMILTON HOUSE, BALLARD ESTATE, BOMBAY-I

Telephone : 264511 (5 lines) Telegrams: ** GAMMON
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CALCUTTA
STRUCTURAL STEEL WORK,
REINFORCED CONCRETE,

SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS,

P-13, MISSION ROW EXTENSION, CALCUTTA.

The Braithwaite Burn & Jessop Const. Co. Ltd

no trouble at all...

CAMCUTTA

+ DR

BITUMEN
EMULSION

Bicumen emutsions are eff-
cient and economical for
surface  dressing, premix
work and soil stabilization,
They require no heating.
Hence —no fire hazard .. no
snnoying smoke . no heat-
ing equipment. Just open the
drum and you're ready to
start work. Bitumen emul-
sions are specially suitable
for repair work, and factory
and residential roads.

... in one easy
application

SHALIMAR TAR PRO\D_}’CTS (1935) LIMITED
*©  SOMBAY « LUCKNOW o

Agents . The Bambay Ce. Private Ltd. Madras | R.C. Abrol A Co. (Private) L4, New Oethi ¢

CHANDIGARM

-
b




| ASHOK ULTRA-HIGH FREQUENCY

CONCRETE VIBRATORS
THE

NATION’S
BEST

NOTED FOR UNFAILING SERVICE
Complete Range Manufactured by

ASHOK ENGINEERING & CONSTRUCTION CO.
Props. : VIBROMACHINES (INDIA) PRIVATE LTD,
161-1, Mahatma Gandhi Road, CALCUTTA.7
PHONE : 33-3887 X GRAM : <CASH’

"o

we ASSOCIATED CEmEnT CaMPANIES LINITED

T Lespeat Marketing Company of India &) d

¥

the halimark of

top quality cement &

Xi




X1i
“NEW SUPER 100”

Our recently developed  New Super i00"
is generally based on our type Super 100.
The *“New Super 100" is specially suitable
for very big jobs and operation in high alti-
tudes. Working width about 4 mtr. and
thickness of carpet variable
from | to 20 ¢m laid in
one course,

SUPER 100

VOEGELE cONSTRUCTION EQUIPMENT

CONCRETE MIXERS,
BITUMINOUS ROAD FINISHERS,
CONCRETE SPREADERS,
CONCRETE ROAD FINISHERS,
BATCHING & MIXING PLANTS,

AND SOIL STABILISERS

Manufactured by

JOSEPH VOEGELE A. G.

MANNHEIM - WEST GERMANY

AGENTS :

C. A. WILLNER & CO.

CONSULTING ENGINEERS
P.O. BOX 59 - BANGALORE-I

ROLL oUT
THAT
SMOOTH

Stanvac Asphalt is manufactured in India
to meet India’s urgent need for more and
better highwavs!

Available in bulk and in drums,

Stanvac Asphalt is easv to use, economical
and long-lasting too! Ak foe frev
technical and Jaboratory service (0 wive
all vour problems on road construction,

STANVAC ASPHALT
Paves the path
for lasting progress

=

STANDARD - vacyuM Ot COMPANY
(Incorporated in the U 5. A.
with Lmiced Liabiey )

(LI
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Thit Borbcr-

Groeno Mixall preduce: avan the highest typa of hot mix for quelity patching and malljob paving. Wrile for complete information,
Portable, compact Mixall produces
any type of mix~on the spot

Here's unmartched versatility i quality patching and small-

Use the Mixall to do this wide variety of jobs:
job paving—the small, bighly portable Bacber-Greene

MIX in all locations, bocause it's towed and fed by truck

Mixall. 1t produces evet. the highest type of hot mix— loaded with “8Bregate—or operated at stockpile or pit.
on the spos. MIX in all quontities, fram 3-cu-fr. batch up o 10 t.p.h.
MIX in all weather (o allow quick repair thac prevents major
Of ail patch mixers, only the Mixall has a rotary drum damage.
dryer and twin-shaft pugmill. These big-plant features bMa,: ;’L«:Yr'i,:l‘ of asphalt patch materialz, including stabilired
permit independent control of drying and mixing, with

een MIX portland cement of lower stump than can be produced
both cycles operating simultaneously. Y 2 conventional concrete mixer,

Write tor information on the most versatile potch mixer available,

Barber-Greene

AURORA, ILLINOIS, U.5. A,
CONV’_VDRS.».LOADENS...DIYCHERS..

cASPHALT PAVING EQUIPMENT

sk acks abmi-i-
my Jacks & Co.Ltd.

gland.  Liability of Members Limited)
CALCUT OMBAY  MADRAS  NEw DELHI

Sele Agents for : Barber.Greene Overseas, ora, Hlinois, U. §. A, Barber-Greene Olding & Co.Hatficld, Herts, England.
! . e ( A
")9\(* &
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