[

"gqvumaﬁ 0f Gndron
" g«o\/: congress.

’

fﬁéé:@/

aL
DLen |
IR, N4
NbA'w A5 . 3

I284=.



The Indian Roads Congress as a body does not
hold itself responsible for statements made, or for
opinions expressed, in the Papers, Research and Infor-

mation Sections or discussions in its Proceedings, ete.




COMPLETED UDYAVAR BRIDGE

Paper No. 227

“ DESIGN AND CONSTRUCTION OF UDYAVAR
BRIDGE

By
Dr. A. 8. Avke*, B, rh.v., Mm.1.E. (Ind))

&
C. CHIDAMBARAM,} B.E.

CONTENTS
Page
I, Introduction .. 236
2. Selection of Site e 237
3. Hydraulic Particulars w237
4. Waterway .. 237
3. Soil Particulars . 237
6.  Foundations ... 238
7. Sinking of Wellg .. 238
8. Substructure . 242
9. Abutments e 242
10, Wing Walls . 245
11, Piery .. 245
12. Roller Bearings ... 245
13.  Superstructure .. 246
I4. Wearing Coat .. 249
15. Other Details e 249
16.  General .. 252
SYNOPSIS

) Udyavar bridgo is a typical bridge on the West Coast road where the
Jivers are perennial, having tidal variations and foundabion depths varying
from 30 to' 65 5. The Authors try o explain in this Paper, the difficulties
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oncountered in sinking wells for tho foundation, and how the same were
surmounted. Details of construction of substruciure m}d supersm'uutur(‘.
including the hydraulic data and design avo also furnished in the Paper,

1. INTRODUCTION
1.1. West Coast Road

The West Coast road from Bombay to Kanyakumari runs along
the coast of Kerala, Mysore and Bombay State. Scheme for the deve-
lopment of the West Coast road has been approved by the Govern-
ment of India, and will be fully financed by the Centre. The alignment
of the West Coast road has also been finally decided, and the work of
construction of minor and major bridges, cross drainage works,
improvements to the roads, and construction of suitable bye-passes
and diversions in the built-up areas are in various stages of progress
in different States.

1.2 The length of the West Coast road in the Mysore State
is 168 miles. The cost of development of the West Coast road in
Mysore State, including the cost of construction of major bridges, will
be approximately Rs. 650 lakhs. ‘There are 26 Major crossings un
this road in the Mysore State of which 7 bridges have already been
completed, and the rest are in progress. Well foundations (taken
down 30 ft to 65 ft depth) are provided for all the bridges on this
road. Superstructures for the bridges are of different types. For
the Kulur bridge, the superstructure is of bow-string girder.
Hollow box girders have been provided for the bridges across Pavanji,
Mulki, Udyavar, Kalyanpur and Mabukal rivers. For Uppunda
and Sankadagundi bridges, the deck is of R.C.C. flanged Tee beam-
cum-slab. For bridges at Gangavali and Aghanashini, prestressed
concrete superstructures are adopted. Of the seven completed
bridges on the West Coast road, the Udyavar Bridge is one of the
important bridges between Mangalore and Udipi.

L3, The opening to traffic over the bridge across Udyavar river
on the West Coast road in Mysore State, where a ferry service used
to operate, fulfilled a long cherished desire for a direct all-weather
road between Mangalore, & District Headquarter, and Udipi, a pilgrim
centre of all-India importance. By the construction of this bridge
and two other bridges; one over river Mulki and the other over river
Pavanji, the circuitous route joining Mangalore with Udipi 57 miles
long was replaced by a direct link 36 miles long (see Plate I—Key
Map). The necessity of constructing these bridges was recognised
by the Central Government much before the present West Coast road
scheme was envisaged,
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2. SELECTION OF SITE

2.1. After detailed investigation, a site } a furlong downstream
of the existing ferry crossing was selected. The width of both the
arms of the river and 60 ft island in between was 865 ft. At this
site, the banks were fairly well defined, short and straight appro-
aches on either side of the bridge were available compared to long
approaches, heavy acquisition of land and construction of culverts,
ete., for likely sites (see Plate TI—Site Plan).

3. HYDRAULIC PARTICULARS

3.1. Udyavar river has its source in the hills of the Western
Ghats, 27 miles east of the bridge site. Fall in the bed of the river
from the source to site is about 200 ft. The catchment area above
the bridge site is 116 sq. miles (as worked out from contour maps).
The discharge at this site as calculated by Ryve’s empirical for-
mula taking C=1500, works out to 35,060 cusecs. As this 183
shallow tidal river flowing between ill-defined banks, the metho
of calculating the discharge by cross section and bed slope chara-
cteristios was found inapplicable.

4. WATERWAY

For the maximum calculated discharge of 35,680 cusecs, by

Lacy’s formula P = 0@}, taking ¢ = 2.67, effective linear water=
way works out to 505 ft. But as the width of this tidal river from
bank to bank is 865 ft, in order not to restrict thq waterway very
much, a bank to bank bridge of 9 spans of 90 ft giving waterway of
720 f6 (9 x 90 — 90 ft ineffective span opposite the island) was
provided. The highest flood level ascertained was 8 ft .3 in. a})ove the
lowest tide level in the river. The maximum tidal variation is nearly
4 ft at the bridge site. The velocity that would be developed under
the bridge during high fioods, assuming that the bed of the stream
gets scoured upto total scour level, is 3.68 ft per second.

5. SOIL PARTICULARS

Exploratory borings made in the river bed at intervals of 95 ft
along the alignment of the proposed bridge site revealed 8 ft to 15 ft
depth of sand over clay and sand layers of varying depths which
went down to the rock. Near the right bank, soft laterite was met at
about 23 ft depth and hard granite rock at about 45 ft below bed.
It was therefore decided to take the foundations down to the hard
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rock, During construction, soil strata actually met with compared
favourably with that of the test boring (see Plate IT1-—General
Drawing).

6. FOUNDATIONS

Due to the depth of rock for the foundations being deep and
continuous flow of water in this tidal river, it was decided to adopt
well foundations. 1:3:6 cement concrete circular wells 9 ft internal
and 14 ft external diameter, spaced 3 ft apart under each pier and
abutment were considered suitable. The reinforced cement concrete
well curb is 2 ft 10 in. high as shown in Fig. 1. The cutting edge
consists of 4 in. X 4 in. X } in. mild steel angle with one of the 4 in.
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Fig. 1. Well Curb Section

side at the hottom. No difficulty in sinking was caused by this
arrangement. The weight of the steel used for the reinforcement of
one well curb was 600 1) which is equal to 4.33 Ib per cu. ft. of
concrete (see Plate TV—Details of capping slab over pier,

7 x] N
and the details of well curb), ell

-

7. SINKING OF WELLS

7.1, Sinking of the hollow circular wells due to their having
to be sunk through sand and clay to a depth not exceeding 45 ft did
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not present much difficulty. Dredging was carried out manually by
divers. No costly diving suit or other costly equipment was used.
All that the divers had was a simple helmet, sufficiently weighted to
counteract the buoyancy. Compressed air at 15 Ib per sq. in. from
the air compressor was let into the helmet through the only opening
at tho top through a hose pipe. The volume of con;pressed air
required was on an average 10 cu. ft. per helmet per minute. This
pressure kept the water out of the helmet and did not make
breathing hard.

7.2. Two divers could conveniently work in a well. The rate
of sinking at higher levels in sandy soil was nearly 2 to 3 ft per day
and in clayey strata 1to 1} ft. Uniform dredging was done to
prevent tilting of the wells. To start with, the well sinkers used to
dig a pit at the centre and then scoop out alround ; this helped to
sink the well gradually and uniformly.

7.3. Precautions: During the process of sinking the wells,
steining was built up in stages of 3 ft 9in. Before the addition of
a stage of concrete steining it was checked for verticality.

7.3-A. The verticality of the well during sinking operations
was checked with plumb bobs held in a number of positions. Irres-
pective of whether the well developed a cant or not, the building of
the steining was in continuation of the stage below .it, and no rectifi-
cation of cant in building of the steining was permitted. The cant,
when necessary, was set right while sinking by kentledge or other
methods.

7.3-B. When the well curb was approaching the rock bed
indicated in the boring charts, test boring in each well was made
to accurately assess the level at which hard rock could be expected.
Tn cases of doubt, two or more test bores in a well were made. Al
the test borings were carried out by the contractors at their
expenge. Failure to make test borings in time in the case of one
particular well resulted in having to chip off considerable height of
steining-top laid in excess which was very difficult, costly and
involved loss due to wasted material.

. 74. The well foundations of both the abutments and all the
Piers were taken down to the hard rock. In a number of wells
due to the bed rock surface being undulating, perfect seating of the
wells on rock at all points could not be achieved. However, excep-
ting the case of two wells, major portion of the periphery of the well
shoe was secured in the rock. In the case of the two wells under
Pier No. 7, the rock was found to be steeply sloping from north-
west to south-east (the flow in the river is from east to west). The
downstream side well was sunk 2 ft lower than the upstream
well, as there was, a slope of 5 ft in & 14-ft length of the bed. Both
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the wells could be seated on rock only for a ]engtl} of about 6 to
10 ft out of the total 44 ft length of perip.hery.. Cutting a trench in
the rock to lower the well was attempted in vain.

7.5. In order to prevent the possible lateral movement of
the wells under any conditions, it was decided to provide
34 Nos. dowel bars of 1 in. diameter driven 3 ft 9 in. into hard rock
and 3 ft 9 in. length projecting into the bottom plugging in each well.
2} in. diameter holes were drilled by Calyx drill operated by & 3.5
H.P. Lister Engine. The hollow drilling rods worked in casing
pipes held in position by means of fixtures. Lead shots revolving
under the cutter at the bottom of the drilling rod formed the actual
cutting media and the cutter was kept cool by water led into the
hollow drilling rods. A 4-ft deep hole could be drilled in 8 working
hours. The cost of drilling was Rs 8 per running foot excluding
hire charges of the plant, The rock met with was of very hard
variety. Immediately a hole was drilled, dowel bar was inserted
into the hole and the space around grouted with rich cement mortar,
Since this grouting had to be done under water, a cylindrical mild
steel jar with screwed lids at top and bottom and a rubber tube with
clamp attached to bottom as, shown in Fig. 2, was used. Thig
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jar fwas filled with liquid cement grout
th(.e. other end of the tube
drilled hole released the cl

; , a diver after ingerting
vight down the bottom of the
amp of the rubber tube which filled the
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hole with the grout. The dowel bar was held centrally until the
grout filled and overflowed the hole. Particulars of depth of founda-
tion of each pier, of abutment and the nature of the foundation bed
are given in Appendix 1.

7.6.  Seating of wells

7.6-A. After ascertaining proper seating of the well for major
portion of the periphery of the cutting edge, the gap between the
cutting edge and the bed rock was packed with cement concrete held
in cement gunny bags. The sloping side of the well curb and the
inner side of the wells were roughened by chisel marks for a height
of 6 ft to ensure better grip between the well and the bottom con-
crete plug. After this, the rock bed was cleared of all accumulated
silt, etc., before laying the bottom concrete plug. The concrete for
bottom plugs had to be laid under water in all the wells, concreting
was done with a special plugging box instead of tremmy or chutes.
A wooden box 1 ft 3 in. x 1 ft 3in. X 1£t 3 in. with a hinged cover
at the top and a hinged two-leaves bottom as shown in Fig. 3, was
used. The inner sides of the box and the covers were lined with
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. HlNGEg.zNOS
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LMy ]j',[_[ﬁ. ‘
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Fig, 3. Plugging Box
G.L sheets and the corners were straightened by means of M. S. flats.

Suitable fixtures were provided to facilitate lifting the box with
its bottom leaves closed, and to open these when required.
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7.6-B. The box was filled with cement concrete 1:2:4 mix
with comparatively less quantity of water and the top lid was closed.
The box was lifted keeping the top and bottom lids closed and lowered
manually to the hottom of the wells by means of pulleys. Then the
catch permitting the bottom to open was released and the concrete
deposited by slowly lifting the box. This process of concreting was

started near the periphery of the well and gradually worked in
towards the centre in concentric circles.

It was found desirable to lay all the 5 ft depth of the bottom
plug in one operation. Water from the wells was baled out

one week after plugging and almost perfect seal against water was
found.

After satisfactory plugging, the wells were filled with clean
coarse sand in layers of 1 ft and consolidated thoroughly. The
top 2 ft of the wells, was plugged with 1:4:8 cement concrete.

A capping slab of 1:2:4 reinforced cement concrete 2 ft and
2 ft 3 in. thick was laid over the pier wells and abutment wells
respectively. The bottom of the capping slab was kept at the Low
Tide level, and for this, precautions had to be taken to prevent
saline seawater during high tide coming into contact within 24 hra.
of laying the slab. The quantity of steel required for the capping

slab worked out to 7} Ib per cu. ft. in the case of pier wells and
6 1b per cu. ft, for the abutment wells.

8. SUBSTRUCTURE

8.1. Udyavar being a shallow tidal river, the highest antici-
pated flood level is 4 ft above the high tide level. Due to the sub-
structure being not very high, Coursed Rubble masonry abutments
and piers were built in 1:4 cement mortar, face cement pointed.

Instead of conventional type of wing walls which would have heen

very expensive, the abutments were encased with revetments laid
to w slope of 1:1.

9. ABUTMENTS

The design of the abutments had been based on the Coulomb’s
theory of Barth Pressure taking into account the Live Load surcharge-
In spite of this, suitably reinforced 6 in. thick cement concrete slabs
24 ft wide resting on the back of each abutment and resting onto
the road embankment for a length of 10 ft was laid to reduce the
earth pressure due to live load on the rear of the abutment. The
resultant of all the forces acting on the abutment was calculated to

.

Photo 2
Well ready for
sinking

'hoto 1

Centering for well curb

Ploto 3

Sinking in progress



Photo 4. Reinforcement for
soffit slab and webs

Photo 3. Reiatorcement for
intermediate diaphragm

Photo 7

Completed end diaphragm
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act within the middle third of the base. Abutment section is 10 ft
wide at the bottom and 734 ft at bearing level with its rear face
vertical. The back wall above is 6 ft wide at bearing level and 2 ft
at road level. (See Plate I1I-—General Drawing and Plate VII—
Details of covered abutment.)

10, WING WALLS

Reinforced cement concrete wing walls cantilevering from the
rear face of the abutment ends are provided to retain the road
portion above the slope line of 1:1 of the conical revetments. The
wing walls 8 ft long, 6 ft high and 8 in. thick, shown in Plate IV,
arc sufficiently long to have an anchorage of 1 ft in the abutment
masonry and in the revetment. This was designed to withstand the
varying earth pressure acting on it. Detailed design of the canti-
lever wing walls is given in Appendix 2.

11. PIERS

11.1. The piers are 5 ft wide at top, 5 ft 73 in. at base and
have semicircular cutwaters.

11.2. Pier caps

High grade 1:2:4 cement concrete pier caps 1} ft thick were
laid over the full width and length of the piers including cutwaters.
Helical reinforcement was provided in the portion under the
bearings. An additional thickness of 1 ft 1} in. of concrete was
provided under the fixed ends of the superstructure to make up the
difference in height of roller bearings provided under the free ends.

12. ROLLER BEARINGS

12.1.  The bridge beams are designed as simply supported beams.
he expansion end of the spans are carried over cast stfael rol.ler
bearings as shown in Plate V. The roller is 19 in. long, 4 in. th;ck
and 10 in. high with rounded ends of 5 in. radius. .The .beargng
assembly (from bottom of bed plate to top of top plate) is 15 in, high
and 21 in, long. Each one of these is designed to carry a total }oad
of 105 tons. Details of the design of the roller bearings are given
in Appendix 3 (also see Plate V—Details of Roller Bearings).

12.2. Fixed end

Under the fixed end of the beam a simple mortar pad 14 in.
long, 7 in, wide, 1§ in. thick was provided. Three 1 in. diameter
2
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dowel bars embedded in the bed block and projecting into the supor-
structure were provided to go into each fixed end of the beam
(see Plate VI—Details of the Fixed End Bearings). Details

of the design of the mortar pad and special reinforcement
are given in Appendix 4.

13. SUPERSTRUCTURE

13.1. 90 ft spans were adopted for this bridge after careful
study of the economics of alternative spans.

13.2. Normally the cheapest design for a bridge is the one in
which the cost of the superstructure is approximately equal to the
cost of the substructure and foundations. 1In the case of the bridges
in South Kanara area, economic span is found to be equal to 1%
times the depth from top of pier to the bottom of the foundation,
In the case of this bridge, the average depth of foundation from the
top of the pier is 54 ft. Thus, the approximate cconomic span length
works out to 94.5 ft.  Either nine spans of 90 ft or eight spans of
100 ft were suitable. Bowstring girder superstructure for the 100 ft
span and the hollow box girder for 90 ft span were considered, but
the latter was adopted on account of the following reasons :

(a) The cost of the hollow box girder bridge was cheaper ;

(b) the superstructure was lighter th

an the bow string
girder deck ; and

(¢) the quantity of steel required for the hollow box girder
was less than that for the bow string girder.

13.3. Details: The hollow simply supported box girder
adopted has 90 ft clear span, and 2 ft 5} in. bearing at either end.
It consists of 6 in. thick soffit slab at the bottom, 8} in. thick road
slab carried over 3 webs each 9 in. thick, 5 ft 9 in. high, running
right through the entire length of the girder dividing the girder into
two cells. The corners at the bottom were thickened with 8 in. by 4
in. fillets, the top corners were provided with 15 in. by 6 in. fillets.
Six transverse diaphragms were provided at 18 ft ¢ in. centres, the
end ones were 12 in. thick and the intermediate ones 10 in. In
every diaphragm 4 ft long and 3 ft high openings were provided at
mid-height to facilitate removal of centering after completion of
concreting for the deck. The bottom soffit slab is 19 ft wide, the
road slab cantilevers 3 ft 9 in. on either side of the outer web so as
to provide 24 ft clear roadway and 1 ft 3 in. wide kerbs. The cantile-
ver portion of the slab was 1 ft thick at the support and 6 in. at
the outer end. The overall depth of the girder was 6 ft 114 in.
Overall widths at bottom and top are 19 ft and 26 ft 6 in. and the
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overall length is 94 ft 11 inch (sce Plate VIII—Details of Hollow
Box Girder for 90 ft span).

13.4. Design features

. . e e ‘ T ’

he design procedure of the girder is similar to that of &
beam']S the botgtompsofﬁt slab taking the tension, the webs tak(;r{g glg
shear and the road slab taking the compression dew‘alopete Hi\l é
girder. The soffit slab is heavily reinforced with 14 in. dlam%hr L
rods spaced at 3 in. centres at the centre of th.e span. (el v4v >
were provided with 5/8 in. diameter two—llegged stirrups sp:gﬁ 4
apart at the supports, spacing gradually increased to 2 ft af e -
span. The road slab is designed as supported on all the OUI;J 8t e
over the webs and diaphragms. Suitable reduction due to continuity
over the three webs in the transverse direction was made. Thegr ?}:z
reinforced with 3/4 in. diameter M.S. rods at 5} in. centres a
hottom and 11 in. centres at the top of the slab.

The detailed design calculations of the .gu'der dia-
phmégl'?é‘l:é,, ar}; given in Appendix 5. The compressive gtressgs
developed in concrete are of the order of 830 1b per sq. tm. anoE
therefore, high grade concrete which can safely take up stress
950 1b per sq. in. was proposed for the superstructure.

13.5. Design of mix for high grade concrete

Though the mix is said to be 1:2: 4, the actual eqx?lpos‘it:ﬁ:b(])i
the mix which gives concrete of maximum sjc-rength wit dg alladle
aggregate was found tobe 1:1.9:3.7. This mix was adop
the high grade concrete of the required strength.

13.6. Centering for superstructure

i iles were
Since the river bed is clayey or sandy, casuarina pl X
driven to a depth of 10 to 15 ft below bed at mter\zf'.ls do{)3 :;clﬁof;f
ways. The dead load of the superstructure to be ca: :12 loZded to ®
these piles was 1 ton ; some piles in each span were ufﬁe iles were
tons, no settlement was obser\{ed in any eas% o 81; the top
interconnected by struts and diagonals. The ;1 vertical boards
were fitted at the exact height ; the bottom and 1eb nd the outer
were fitted to form the end centering for the soffit sha ba. o of the
faces of the outer two webs. The centerings forbt . el?e also fixed.
cantilever slabs and the outside of the road kerh SdW d load deflec-
The required longitudinal camber to allow for the -eaf rcements for
tion was given in the soffit bottom boards. The rgtl_n oexact to the
the bottom slab and the webs were placed in po:l l(1)';0 webs, both
drawings and centerings for the inner face of. the outer To ﬁtt:ed to
faces of the intermediate web and all the dmphragn.l;'li mise the drop
half the height, namely, 2 ft 10} in. in order to ml 3 drc



248 ApkE & CHIDAMBARAM ON

for the concrete. The centering for the remaining height of t_he wob
and the road slab was erected after completing the concreting for
the bottom slab and half the height of the web and the diaphragms,

13.7. Concreting for superstructure

Before concreting, the dowel bars projecting from the bed blocks
for the fixed ends of the box girder were Wrappe'd in craft paper,
bituminous pad £ in. thick and then enclosed in a copper tube
to allow slight local movement for the expansion or contraction
caused by changes in temperature.

13.8. Concreting

" The total quantity of concrete for the superstructure of cach

span was 4,700 cu. ft. Concreting was done in the following four
stages.

13.8.1. First stage: Concreting of the soffit slab 6 iu. thick
and of webs and diaphragms up to the top of the hottom fillet
was completed in 12 hours using two concrete mixers, two pin
vibrators, a screed vibrator and ahout 80 mazdoors, Conereting
in the portion of the end diaphragm with spiral reinforcement and
also the fillets required special care, To observe flow of concrete

into the fillets, windows were kept at frequent intervals in the slop-
ing portion of the inside shuttering of the webs, Quantity of con-
crete laid was about 900 cu. ft.

13.8.2. Second stage Concreting webs and diaphragms to half the
height took 6 hours and was carried out on the next day. Thorough
cleaning of the old concrete surface and pouring of cement grout
over the old concrete surface was done before starting concreting,
Quantity of concrete laid was approximately 900 cu. ft.

During the second day afternoon, night and third day forenoon

centering of the remaining height of the webs and the bottom of road
slab was done.

13.8.3. Third stage: On the third day afternoon, concreting
for the remaining height of webs and diaphragms upto the bottom of
the top fillets was done in ahout 6 hours. Quantity of conerete laid
was 900 cu. ft. During the third day, night and fourth day, rein-

forcements for the road slab and road kerbs were placed in position
and tied securely. '

13.8.4. Fourth stage: On the fifth day morning, concreting
was started for the road slab, the top fillets and half the portion of
the length was completed in ahout 12 hours working time. On the
sixth flay, the remaining portion of the road slal was concreted.
Quantity of concrete laid in these two days was 1,800 cu. ft. Kerbs
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i Thus the
were concreted after centering in the nextktwo days.
concreting of the box girder took one full week.

Six numbers of 6 in. concrete test cubeg w:;‘li I(:g:}f; (;Ifl t(;'&gg'di;};

ing, these were tested for compressive t 1 ’

(c)xfl:i(t)\ng(?retll{z%ultseobtained in all the cases were quite satisfactory
and are given in Table 1.

Mild steel rods of 2 in. diameter and above wertlatwelcfletc%1 :;131 gi:
strength of welds was tested at random, the results o
test are given in Table 2.

13.8.5. Removal of centering: Face forms both inner .andogu:}?;
of the webs were removed after a week, the bottom c&;n&z:;x:gﬁit he
road slab after a fortnight and the bottom centering OS‘ offis ane
cantilever slab removed 28 days after concreting. . mfcec he forme
work was completely f&c%d nglh plagl GPIIu gs;hev(:,es;e pa.mtzr . e

ood. Suitable wooden \
(e}?blcll(irzte?l vc‘)'?;ehg ?g;t%m soffit slab, and at suitable distances near the
kerb to provide openings for water spouts.

i ted by flooding the
h curing of the concrete was _eﬁec . .
soﬁitT;lrfciol}:)%d célabsg with water and spraying on the vertical sides
of webs.

14. WEARING COAT

14.1. Three in. thick cement concrete (1: 13: 3f) Wizgléldg SgI;;fnai(’;:
was laid over the deck. Aggregate consust(fed 21 a%nd 10 per cent
containing 65 per cent of 1 in.; 25 per cent of } in.
of } in, size hard granite chippings.

. . ft

14.2. Woearing coat for each span was laid in Qgizsigaggtiien

8 in b)'r 12 £t allowing a tar painted constr\}etnz{x n]s e

both in the longitudinal and transverse direc 102 : o

briquettes of the shape of a frustum of a cone g,

d?lqui & top and 3 in. diameter at bottom, were od at sul

i)aime' ezea alspto indicate the wear of the surfa,.ce.1 W b
:imz f:::‘ relazewal of the wearing coat when the red circles

visible on the road surface.

15. OTHER DETAILS

i to
15.1. Hand rails: Barrel shaped reinforced cement concrse
handrails have been provided.

ek
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15.2. Pylons: Cement concrete pylons of an artistic design
with nominal reinforcements are provided at each entrance to the
bridge.

A total length of 4 furlongs of new approach roads and a
culvert on the Mangalore side approach road was constructed.

16. GENERAL

In spite of dearth of skilled labour and some delays in acquiring
land and procuring cement and steel, this bridge was complctcg
within the target period of 2} years. The construction of the bridge
started on 24th December 1955 and the bridge was opened to traffic
on the 16th June 1958.

1,380 tons of cement, 360 tons of steel and 154,000 cu. ft. of
stone were used in the construction of the bridge.

The cost of the bridge per liner foot comes :
. ‘ o Rs 1,113,
Partlg':!ars off the tipographlcal features, loads, maximum pressure
uantities o i analysis is gi in
(}X e 6 work involved, and cost analysis is given in

List of machinery used is given in Appendix 7.

Appendix 1

Particulars of depth of Foundations, Nature of the foundation bed, etc.

. . o
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Appendix 2

Design of cantilever wing walls

Earth pressure acting on the wing wall :

wh sin? 6 - ¢) 1
sin? g sin (6 plus_z)

pr [ ) (o 0
sin (z plus ) sin (g — d)
Where g : 90°
g. 3°
z: 17°30 min.
w: 110 Ib per cu ft.
d: 0.
Therefore P = 27.06 h.
Horizontal component of the earth pressure
=27.06 h X cos 17°30 min. = 25.80 A.

Cantilever wing wall; R.C.C. 1:2: 4 mix ordinary grade.

Design
(1) No live load will act on the face of the wall,

(2) There is a possibility of the crowd load acting on the faco, i.c.,
83 Ib per sq. ft assumed as 1 ft of equivalent height of earth.

-1 T'INTO THE
OEPTH l ABUTMENT

|

f—— g ———]

Thickness of slab assumed is 8 in.
{constant throughout to facilitate casy exceution),
Intensity of earth pressure in tho middle of the Lottom strip,
6.5 X 25,80 = 167,7 Iy
At 3.5 it from the top
=45 X 25.80 = 1161 11

UDpYAVAR BRIDGE 25

At top 0.5 {t
=15 X 25.80 = 38.70 Ib

)
\\\\\\‘;'\\\\\\\

o &
[3
50>

e

Length of retaining wall is 8 ft but 1 ft is inside the abutment,
Therefore effective length for bending="7 ft

(a) Bending moment at support : | '
Bending moment at the bottom strip=167.7 X 7 X 7/2 X 12249,300 in )

Effective depth required : '\/@ = 5711 in., say 5.75 in.
12612

Allowing a clear cover of 2 in. and using 1/2 in, diameter bars,

total depth required = 5.75 4+ 0.25 + 2.0 = 8.0. in.

Depth adopted is 8 in. with an effective depth of 5.73 in.

Ag at the bottom = 49300/18000 X 0.872 X 5.75 = 0.5462 sq. in,

Use 1/2 in, diameter bars at 4 in. centres.

At 3.5 ft from the top :

Bending moment = 116.1 X 7 X 7/2 X 12 = 34,140 in Ib

A, = 34140/18000 X 0.872 X 5.75 = 0.3788 sq. in.

Use 1/2 in. diameter bars at 6 in. centres.

At top, i.e., 0.5 ft from the top.

Bending moment : 38.70 X 7 X 7/2 X 12 = 11,380 in Ib

4, = 11380/18000 X 0.872 X 5.75 = 0.1261 sq, in.

This will be less than 0.1963, use 1/2 in. diameter bars at 12 in, centre
a8 the spacing is limited to 12 in. or 2 d whichever is less.

Bending moment in the middle, i.e., at 3.5 ft from the end ;
Bottom strip, i.e., at 5.5 ft from the top
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W12/8, ie., 1/4 of the bending moment at the end
= 49300/4 = 12,325 in 1b

4, = 12325/18000 x 0.872 x 5.75 = 0.1366 sq. in.
At 3.5 ft from the top :

Bending moment = 34140/4 = 8533 in 1b

A = 8535/18000 X 0.872 X 5.75 = 0.0046 8qg. in.

Use 1/2 in. diameter bars at 12 in. centres.

Distributors

Distributors of 1/2 in. diameter are provided at 12 in, centres.

Dowel bars

To connect the retaining wall dowel bars are provided. Dowol i
in length. i.e., 30 in. insidel the retaining wall ang 30 in, inside the ];al‘::t?fx)elr?f:
will be provided. These dowel bars are provided in continuation with the
main reinforcements.

Temperature reinforcement

1/2 in. diameter bars at 12 i

n. centres in both directions ar I
£ac6 of the retaining wall, directions are placed iy the
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Appendix 3

Design of roller bearing for 90 ft span simply
supported hollow box (2 cells) girder

C.C. mix adopted for superstructure 1: 2:4 high grade

C.C. mix for bed block : 1:2:4 high grade

Compressive stress in concrete allowed = .8 (950 plus 50 per cent)
{The concrete will be spirally reinforced)

Stress in oast steel (bending) 9 tons/sq. in.

Shear stress in mild steel = § tons/sq. in.

Dead weight caleulation :

/; C WEARING COAT 1117213, 3 UNIFORM

i 24 -

Of tho throo wehs the vontral one will take the maximum deed weight
of the deck.

Dead weight per foot length :

1. Wearing coat 9 ft 1} in. X 3/12 X 140 319 1b
2. Deck 9 ft 14 in. X 84/12 X 150 970 1b
3. Bottomslab 9 ft 1} in. X 6/12 X 150 684 Ib
4. Web 5169 in X 912 X 150 647 b
5. Fillets top 2% 1/2 X 1512 X 612X 150 ... 94 Ib
6. Fillets hottom 2 X 1/2 X 8/12 X 4/12 X 150 33 Ib

2,747 1b

i

oo di 5
Dead load from half the length of superstructure (excluding diap hragms)
on the central wob = 474 X 2747 = 1,30,483 Ib

Addition

. =6,0201b
Intermediato diaphragms = 5 ft 9 in. X 8 ft 43 in. X 10/12X150 6.0

Deductions -

1, Opening in diaphragms = 3 ft X 4 ft X 10/12 X 150 = 1,500 b
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2. Portion covered by fillets = 2 % 1/2 X (15/12 X /12 1
10 X 12 X 150 = 106 1b / s / +8!2X4/12)><

Net weight of diaphragme = 6020 — (1500 4- 106) = 4,414 1h
Weight due to 2 diaphragms = 8,828 1h
End Diaphragms = Weight 5 {t 9 in. X 8 {t 43 in. X 150 = 7,224 1h

Deductions :
1. Opening 3 it X 4 ft X 150 = 1,800 1h

2. Portion covered by fillets = 2 % 1/2 (15/12 ¥ 6/1 1
1% 150 = 127.1 1h 2 0512 X612 + 812 X 4 % 12) X

Net weight = 7,224 — (1800 + 127) = 5,207 1h

Total dead weight from superstructure = 1,30,483 + 8 - _
1,44,608 1b 483 + 8,828 4 5,207 =

Live load : Class A

SOK Nk tow 30w 30% o=
,
e g ey e
L A L
—
T
—
—
L. S e
NF e ——

=50 (1 + 88.5/92.5) + 30 (145 + 645 +
1,908,400 1h

Class AA,

[
>
J
ES
>
e
=
@
N
<
X
=
(2
Pt
[

Reaction = 2 X 35 X L1 (1 4+ 0.87)j2 X 2240 = 1,61,300 1b
Class AA gives less, so it is not considered,

Reaction on central weh:

— AAJ W W

b
1

[ X3 . P, S._B:___,r_. o-0

m e
A ¢} P -
R—MA‘»‘. &%04/1 l__ 9__|\/1 ‘”""'1“4"

= W (88t 1} in. + 2 6 1 in. + 4 £6 5§ )9 £¢ 12 5
where S is the spacing = W X 9.12%;512/ 122(1556}1' ~ 612 Wor W x 85

Hence reaction = 1,98,400/4 X 1.825 b = 90,530 11,

Total dead load + live load = 1,44,608 4 00 530 —
or say 105 tons, + 90,530 = 2,35,138 Ib or 104,9 tons
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Design of top plate:

Total load: 105 tons.

Assuining s size of plate = 19 in. x 12 in. stress in concrete in contact with

plate = 105 X 2240/(19 X 12) = 1,032 1b/sq. in. which is within the allow-
able stress of 1,140.0 1b per sq. in. in concrete.

Load per sq. in. = 105/19 X 12 = 0.461 T'/sq. in.

Bending moment at centre = 0.461 X 62 /2 in, tons.

0.461 X 62
2X9

Thiokness required = 4 /6 X 0,022 =2.352 in. or say 2.50 in.

Adopt 2} in.

Bending moment at 2z = 0,461 X 2.5 2/2 in tons.

Z veguired : 0,461 X 2.52/2 X 9 = (0,163) in3,

Thickness required = A /6 X 163 = 0,96 in. or adopt 1 in.

The bottom plate also will be of the same size.

Z required = = 0,922 in3,

Design of roller:
Formula for arriving at the radius for the contact surfaces of the roller:
I/P = I|K (Ijr plus I|R)
Where P = Pressure per inch length in pounds.
K = Constant depending upon the material employed :
2,840 for cast steel.

R and p = radii in inches of the contact faces.
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When one tuco is flat B ; o<
IIP=1K{[rpluslig)= IiKr, r=P[K.

Asswning & roller 17 in. long,
P = 105 X 2240/17=13,84¢,

Therefore r=13,840/2840=4.874 1. or By 5 i ‘,{n

A roller of 10 in. dia. may be adopted, Tho
width of the roller will o 4 in,

Design of lug in pins (1 in, diameter will be loll
provided).

Longitudinal force due to temperature varia-
tion = 0.03 X 105 = 3.15 tons.

)
Area of 2 lugs at support = 2 % 22/12

&
7% /4 v
= 1'571 &q. in. - 4k
Stress = 3,15/1,571 = 2,004 tons/sq. in. which is within the permissible
limits,
Rag bolts, using 4 Nos, 5/8 in. dia. holts.
Area of bolts = 4 % 0,307 = 1.228 n?,

Shear stress in bolt = 105 X 0.03/1.228 = 2.565 tong/sq. in, which is less
than allowable stress. Hence safo.

Spiral reinforcement, nominal spiral reinforcement is provided.
2 spirals of 12 in. dia. with 1/2in, dia. rods with pitch at 2.5 i,

. . . . N it
1 in. dia. vertical bars will be provided both in the hed blocks and“:h};
diaphragm immediately adjacent to tho bearing.
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Appendix 4

Design of Fixed Bearings - Mortar pad

Maximum dead and live load: 105 tons (Taken from the design of
Roller bearings).

i i This will cousi f a grout pad of cement
Fixed bearing Mortar pad: This will cousist of a grou :
sand mortar (lzgl). Thispwill be provided with suitable nuzlx)lbcx of through
dowel bars of 1 in, diameter anchored in the bed block at the bottom.

. . . 3 i llowing &
Assuming a length of 14 in. along the length of the pier, a
pressure of 2g,500 lb/ség;. in. on the mortar pad, the breadth required along
the span will be 105 X 2240/14 X 2500 = 6.72 in, say 7 in.

3 Nos, dowel bars of 1 in. diameter arc provided to take up the shearing
forces.

k cover he portion of the
Note.—The top surface of the bed block covered by :
grout pad should I{)e roughened to onsure propor adhesion of the grout pad
with the bed block surface,

Design of the spirals below and above the mortar pad

. ; 3 This i8
Maximum.load transmitted by the mortar pad is 105 tons.
acting over an area of 7 in. X 14 in. which is about 2,500 1b/sq. in. To take
up this pressure, spirally reinforced columns are provided.

The superstructure and the bed blocks are of R.C.C, 1:2:4 mix high
grade.

The ultimate strength of this mix is 3,420 Ib,

Since the stress allowed in the mortar pad ~which is in immedi&(xite iogt?gﬁ
with the concrete is about 2,500 Ibfsq. in. a richer mix may be adopte
concrete giving higher value of ultimate strength.

: ‘v of : i lone, the factor
Adopting a mix of 1: 1; 2 high grade for the spiral column alone,
of safetyp ob%ained is about 1.8, i.e., ultimate strength/maximum pressure
allowed = 4500/2500 = 1.8,

The spiral is designed in accordance with the American Concrete Institute
Code.

P’ = 045 (R—=1)F' /s
Where P’ = Volume of spiral/volume of concrete core, and
B = A4/A; = Gross Area/Core Area.

and F'c and F's; = Ultimate stresses in concrete and steel respectively.

In this case F'¢ = 4500 and F's = 18,000.
Core diameter = 9 in. Gross diameter = 12 in.
Ag = 22/28 x 122 = 113.1 sq. in.
do= 22/28 x 92 = 63.59 sq. in.
4
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R = Ag[A, = 113,1/63.59 = L.778.
P’ = 045(L.778 — 1) X 4500/45000 =

0.035 ft.

Volume of concreto corel in. height of
column 63.59 X 1 = 63.59 cu. in. using 1/2
in. spiral with 23" pitch.

Superload on the spiral produces tension
in the spiral column in tho transverse direc-
tion which must be resisted by the spirals.

The magnitude of the load may he taken
as 1/3 of the load coming over each spiral
column, »
3
ie., 1053/2 X 3 = 52.5/3 tons with 12 in, l .
diameter bars (allowing 8 tons/sq. in.) 9
I 1

D

2" -

52,5/0.196 X 8 X 3 = 1L.16 Nos. required,

9 Nos. of spirals with two grid irons are
provided. )

Percentage of vertical reinforcements.

Percentage : 6 X 0.7854/63.59 = 7.243 per cent.

Percentage should not be less than 1 per cent nor greater than § por cent

which is satisfied in this case,

Strength of the core (according to American Concrete Institute Code)

P =0.225 F'; X Ag plus 4s Fs.
= 0,225 X 4500 x 113.1 plus 6 X 0.7854 ¥ 18000
= 199340 = 88.08 tons,

Hence the total load that can be taken up by the spiral column is
about 180 tons while the total load coming over the columns is onily

105 tons.

Hence the design is safe,
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Appendix 5

Design of R.C.C box girder for 90 ft clear span
(SIMPLY SUPPORTED)

Data

Clear span v 90 ft @ in,

Bearing we  21ft86 in,

Roadway 24 £t 0 in,

Kerb 15 in. X 12 in,

Wearing coat 3 in, uniform,

Loading «+  LR.C. Class AA single lane or LR.C. class

A 2 lanes (of the two alternatives whichever
8lves the severe effect will be consgidered),

Impact ;
P «»  Tracked vehicle ; 25 per cent for floor system
and 10 per cent for main girder.

For LR.C. Clasgs A loading, Impaet = 2-_——~15 i
5 4
Conereto 1:2: 4 {high grade).

{n) Modular ratio o 15,

{f) Compressive stress in concrete ... 930 Ib/sq. in,
(fs) Tensile stresg in steel «a 18000 ib/sq. in,
{v) Shear stress v 95 1bjsq, in.
(u) Bond stregs . 120 Ib/sq. in,

The bond stregg m
% ay be doubled, wh
and where steel is not btrossad in bendei;i; .the bars are hooked and eranked

Design of deck siab
e ;
/CFILLETS %6 ——N

. v
i ST 1 Y 9

S 9'.1 }"' -

Asgsumed thickness: 4.3 in,

Th ) : .
6 deck slab s thickened at the ends by fillets 15 in, X 6 in. As per

Clauge 3¢
cectiofl :ifﬁe(:g %fhg'ﬁ;g;b?ode, the effective span will be measured from the
thicknesg of the dock o} ;g:?d depth of slab and fillet is at least 14 times the
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Effective span = 7 {t 7-3/4 in. or 7.65 ft.
Effective depth of slab = 7.125 in. (with 1 in. cover and 3/4 in. rods).
Clear span of deck in longitudinal divection 18.5 ft — 10 in, = 17.68 ft,
Effective span of deck along longitudinal direction =

17.68 ft plus 7.125 in. = 18.27 ft.

The slab is supported on all four sides by webs and dinphragms and hence
Pigeaud’s method is adopted for design of slab.

Dead load :  Slab 8.5 in. thick S 106,25 1
Wearing coat 3 in. thick e 3500 1h

141.25 1b
P = shorter span/longer span = 7.65[18.27 = 0.410.
P’ = longer span/shortor span = 18.27/7.65 = 2.30.
Tor a total load of P = 1 uniformly distributed
M1 =004 M 2=0.005

Moment along shorter span after allowing for Poisson’s ratio :—
= (0.046 + 0.15 X 0.005) 7.65 X 18.27 X 141.25 X 12 in. Ib = 11,080 in 1b

Moment along longer span not considered since it will be loss,

lsoa'—————~—_|l
F =2 ——--=2

1=3 |T
1 QA 8 o l‘."
) el 44 2
| t

Live load : Load on each track including impact = 33 X 1.25 X 2240 =
98,000 1b.

A tyre contact length
B tyre contact length

33 in. ... Shorter span.

144 in. ... Longer span,
H thickness of deck = 8.5 in.
D thickness of weuring coat = 3 in,

Width of load spread along shorter span :

W = A/(33 puls 6)2 + 8.52 = 39.91 in.
Width of load spread along longer span

V = A/ (144 plus 6)% - 8,52 = 150.3 in.
P = 0.42 shorter span/longer span,
w(l = 39.91/7.65 X 12 = 0.435,
v/l = 150.3/18.27 X 12 = 0.686.
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From Pigeaud’s Curve :

P M1 M2,
0.40 9,38 % 1077 117X 1072
0.50 10,18 X 1077 2,25 X 1072
Interpolating for P :0.42
9.54 x 107° 1.39 X 107°°

Moment along shorter span due to live load after allowing for Poisson
corroction = (9,54 + 0.15 X 1.39) X 1072 % 08000 X 12 in. 1b = 114700 in. 1b

Total bending moment due to dead load and live load along shorter span
after allowing for continuity :

(114700 4 11080) X 0.8 = 100624 in. Ib.
100624

Sffoetive de Jab required : 100624 _ 6 04 in.
Effective depth of slab required : N/174><12 6.94 in

Effective depth provided = 7.125 in.

Reinforcement :
As : 100624/18000 X 0.86 X 7.125 = 0.9118 sq. in, will be provided.
Provide 3/4 in. dr-rods at 5} in. centre to contre giving 0.964 sq. in,
Distributors : 4s = 0,9118,

A/ 7.65

Provide 1/2 in. diameter rods at 7 in. centre to centre giving 0.337 8q, in,

= 0.33 sq. in.

Design of cantilever portion of deck

This is designed for Class ‘A’ loading.

‘

25,000

__s_!l,\_'_ﬁl'r I:S._——.k_{/ u'-—f:lz 3%""
. /]] Iz ¢
1133

3|
|

Live load for one rear axle = 25,000 1b,
Impact : 15/30 plus 3.75 but limited to 0.50.

Live load disporsion as per Swedish formula :

Width of dispersion 2/n where n = :/

and =7C 3 ,I“’- or n = y 31,
a’ 41‘ i

3]
4E I,
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In addition to this 4 in. dia. bars will be provided within the depth of
) . . diaphragmns : Area of eross-section of intermediate diaphragms = 10 X 69sq. i
I 1 ¢ M.L of the shaded portion about its controe of gravity. .
I . — 9 . " i i iving 2.34 sq. in.
+ ML is per lic s = 690 x 0.3/100 = 2.07. Use 3 hars gf 1in. dia. giving
I2 M.L. of slah at support about an axis perpendicular to the figure, with § in. diemetor hars within the depth of diaphragms.

a: distance of wheel load from ecentre of support. ,

Design of box

Distance of centro of gravity of shaded portion from top of kerh = 11,44 ir

I1 = 12,738 in.* units.

I2 = 83.33 in.# units. a:18.5 in.

4 [ 3 X 83.33 — 1090
" ,\/ 4 X 12,738 X 185 = 00206,

Width of dispersion : 2/0.0206 = 67.4] in,

Considering 2 wheel loads total dispersion :

, . L Dead load uniforly distributed :
67.41 + 48 in. = 115.41 in, or 9.62 ft, ’
+ . or 1. Hand rail, 2 X 70 140 1b/ft run
Load[Ft width including impact = 25,000 X 1.5/9.62 = 3,897 1), 2. Korb, 2 X 187.5 375 1b/ft run
Therefore live load moment = 3897 X 14 = 54,558 in. Ih. 3. Wearing coat, 24 X (.25 X 140 840 I/t run
4. Top slab, 19 X 8.5/12 X 150 2,019 Ib/fe run
Dead load moments : 5. Bottom slab, 19 X 0.5 X 150 1,425 1b/ft run
1. Kerb, 15/12 X 12/12 X 150 X 37.5 o 7,047 in. 1hs 6. Cantilever portion of deck, 2 X 3.75 X 8/12 X 150 (7)'2(1) ﬂ?‘/’: run
. hid 575 5 041 1b un
2. Hand rails, 70 X 42 2,040 in. Ihs 7. Web, 3 X 0.75 X 5.75 X 15 1, /it 2
- y N ) 8. Fillet at top, 4 X 1.23 X 0.5/2 x 150 188 Ib/ft run
3, Slab, 3.73 X (6 + 10)/12 X 150 X 20.625 ... 7,734 in, Ibg 9. Fillet at bottom, 4 X 1,2 X 8/12 X 4/12 x 130 67 Ib /it run
4. Wearing coat : 2,5 X 3/12 X 140 X 15 ~ 1,312 in, 1hs

7,745 Ibsfft run

Total moment due to dead and live load ... 7_3,591 in, Ibs

As = 7339118000 X 0.86 X 8.625 = 0.551 sq. in, 7745 X 9.5°

Maximum dead load bending moment = = 8,281 ft kips.

. . ) 8 % 1,000 ft
Rods available at top 3/4 in, at 6 in, contre to contre will be amplo, 8
o ) _ 2. Load due to diaphragms :
Kerb ; Positive moment induced by live load = Pid g o s d 5 % 575 % 10/12 X 150 12.040 1b
= 12500 X 1.50/4 X 0.02965 = 1,358,100 in. Ib, Self weight of diaphragms: 2 X 8.375 X 815 X 10/12 X 150 ... 12

. Deduct for (1) Opening: 4 X 3 X 2 X 10/12 X 150 e 3,0001b

Negative moment : P19 n 9) Porti d by fillets: 255 X 5/6 212 1b
12500 X 1.5/19 X 0.02965 : 33,290 in. Ib. (®) Bortion coverod by fllete : 266 X & Ce—

Ay roquired at hottom —1,68,100/18000 X 0.86 X 165 = 0.13 sq, in, 32 b

1/2 in, dia. 4 Nos. will be quite ample. In the drawing, 4 Nos. of 12 it
dia. have been adopted at hottom and 2 Nos. at top with 3/4 in, dig
stirrups at 12 in. centres.

. Net weight = 8,223 1b.
(The fillets in the opening have been neglected.)

48 28 1bs.
Design of diaphragms wd | 6. l 18§ .5 l s
End diaphraging are : 12 in, wide—Intermediate are : 10 in, wide -
Reinforcement :—0.3 per cent will he provided and this will bo distributes - %3
throughout the depth,
Area of end diaphragm = 12 x 60.0 $q. in. Maximum bending moment due to diaphragms
Area of reinforcement = 12 X 69.0 x 0.3 /100 = 2484 sq. in, : BB28 (2 X 46.25) ~ (9.25 plus 27.75) = 480.787 it kips.

4 bars of 1 in. dia, giving 3.14 8¢. in. will be provided at bottom,
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5
204-92.5

Distance of centre of gravity of wheel loads from first wheel load ;
5k

ol L

6 X 35 4+ 25 (14 + 18) + 15 (32 + 42 + 52 + 62)/122 = 20,84, ft

3. Live load : For Class A — Tinpact factor : = 0.133

Position of wheel load for maximun bending mornent :

©
l g \I‘.Q' ru .

ek ancam | o 50
Ty pau—

l“l 05 | 4 seilsn |
e 4625

>

(]

Rg = 122 X 40.33/92.5 = 53.20 kips.
Maximum bending moment under Joad (I%)
= 53.20 X 40.33 — (25 X 4 + 6) (14.5 4 18)
=1742.556 £t kips.
For 2 lanes including impact = 2 X 1743 X L.133=3,950 ft, kips.
Total bending moment = 8281 4 490 4 3050=12721 §¢ kips,
Design of section
Bending moment : 12,721 £t kips,
Agsumed Jd = 75.5 in.
4, required = 12721 X 1000 X 12/18000 X 75.5 = 112.9 sq. in.
Adopt 66 Nos. 1§ in. dia. bars giving 118,39 5q. in.
Effective depth of heam = 80.5 in.
Depth of N.A, from top of slab:

10 % 12 X 8.5 (n—4.25) 4+ 2 X 43 X 8 (n — )% 12
n = 33.97 in. PXE =2

= 15 X 118.39 (80.5—n)
Centre of gravity of comupression from top = 5.07 iw.

Lever arm = 80.5 — 5,07 = 75.43 in.

Stress in steel = 12721 x 12 X 1000/118.3% X 75.43 = 17,060 b}
Stress in concrote = 17060/15 X 33.97/46.53 = 830.5 Ijsq, in.
Stresses aro within safe limits.

8Q. in.

The beam is divided into 10 o

) qual parts and i
calculations are made. bending moment and shear

Section 1 at support : Total bending moment is zeoro
Section IT at 9.25 ft from contro of support

(1) Dead load bending moment :

Area of influence line diagram,

: : 269
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Ordinate = 9,25 X 83.25/92.5 = 8.325,
12 X 8.326 X 02,5 = 385,
% 385/1000 = 2,080 ft kips.

Area =
Bending moment : 745
Scction 11

(2) Coneoutrated lowd due o diaphragns

s8281b s8281b en28lb O‘If »
‘: v »
I ~ o~ 2
o i U3 4
925 B 25 | X 185 } 85 1 w5
915

8820 o o
Bending momont = 1000 (1.85 + 3.70 + 5.55 + 7.40) ft kip:

= 163.3 {1 kips.

Due to live load :

()

S0k 50K

%ox 5 %0 5 525
Bending moment: {30 (8.325 + 7023) -+ 30 (6.523 + 5.528 + 4525+ 3.5 5)}
1.133 = 1605 ft kips. _
4748.3 £t kips.

Total bonding moment: 1,605 + 2,080 + 163.3 ft kips =

Section III:

At 18.5 it froin centre of support. )
(1) Bending moment due to dead load as caleulated before = 5,300 kips
Influence line ordinate : 18,50 X 74.00/92.5 = 14.8.

Area : 1/2 X 14.8 X 42,9 = 685.

7,745 X 685/1,000 = 5,300 ft kips

Bending moment due to dead load=
8828 X 2 X 18.5/1000 = 326.8 ft

(2) Beunding moment due to L'liaphmgms :
kips.
(3) Bending moment due to livo load :

50v. 0K

K 2K
d o (4] 4 w

o
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Bonding moment: [12 (6.4 + 3.6) 4+ 50 (LL.8 + 14) 4+ 30 (11.2 + 9.2 +
7.2 4+ 5.2)] 1133 = 2,888 ft kips.
Total = 8514.8 ft kips.
Scetion LV at 27.75 £t from support,
(1) Deoad lowd bending moment
Ordinate of influenco line diagriun = 27.75 X 64.75/02.5 = 1904.25.
Area of influence line diagrom : 1/2 X 10,425 X 92.5 = 8§99,
Bending moment = 7745 X 899/1,000 = 6,951 ft kips.

(2) Bonding moment due to diaphragms = 8828 (27.75 X 2 — 9.25) = 408.7
ft kips.

(3) Bending moment due to live load :

an 2k SoR Son 30K Sox SoR

L"_ J__LJ J i
S \

T 92 % 711

Bending moment : [50 (19.425 + 18.2533) 4 30 (14.025 + 11.025 4 8.025 +
5.025) -+ 12 (12.075 4+ 9.625)] 1.133 = 3,730 f¢ kips,

Total Bending moment = 11089.7 { kips.

19- 425

Section at : 37.0 ft centre of support :

(1) Bending moment due to diaphragms:
8828/1000 (2 X 37 — 18.5) ft kips = 490 ft kips.

(2) Beuding moment due to dead load :
Ordinate of influence line diagram = 37 X 55.5/92.5 = 2220,
Area of influence line diagram = 1/2 X 22.20 X 92.50 = 1026.75
Bending moment = 7745 X 1026.75/1000 = 7948 ft kips.

(3) Bending moment duo to live load ;

K 2K ok SOK
L

Bending  moment = [50 (22.2 4 206 30 (15.00 : 2
(15.9 + 13.8)] L133 = 4,052 £t kips.) TR0+ T4y 1

]
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Total : 12,490 ft kips,
Section 8 at Mid span:

Total bending moment : Live bending moment at the point for maximum
bending.

Moment plus bending moment due to dead load and diaphragms
+12,721 ¢ kips.

Resisting moment : .
Resisting moment of one bar 14 in. dia. assuming safe stress of 18,00
Ibjsq. in. = 1.767 X 18000 X 75.43/1000 X 12 = 199.9 {t kips.

Total resisting moment of 66 Nos. of 1} in. diameter bars provided

= 66 X 199.9 = 13,193 ft kips.
Shear :

Section at centre of support :
(1) Shear due to dead load = 7745 X 92,5/2 = 338,000 1b,
(2) Due to diaphragms = 8828 X 2 = 17,636 1b.

(3) Liveload:

(50 (1 + 88.5/925) + 30 (145 + 645 + 545 + 44.5)/925)] X 1133
= 1,98,900 1b.

Total : 574,556 1b.

574,556
Shear stress = m = 2,824 1b.

This is more than allowable stress, hence 2 legged 5/8 in. dia. stirrups
are provided.

Spacing = 6 X 0.307 X 18000 X 75.43/574556 = 4.36 in,
Stirrups at 4 in. centres will be provided.
Section II at 9.25 ft from centre of support:
(1) Due to dead load :
7745 (46.25 — 9.25) = 2,86,565 1b.
(2) Due to diaphragms = 17,656 1b,
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(3) Live loact:

" soKS0K 3ok ® 30K ®
A'J_ u‘l |'o‘I ‘0'1 .o':[
v — OV SR S

x ~
~f 9357 925 —v-]

[50 (83.25 4 79.25)/92.5 4+ 30 (63.25 4 55.25 -+ 45.25 4 353.25)/92.5] 1.133
100 = 174,000 Ih.

Total = 4,78,221 1b.

Using 2legged 5/8 in. dia. bars

Spacing = 3 X 2 X 0.307 X 18000 X 75.43/478221 = 5.20 in,
Adopt 5 in. spacing.

Section IIT at 18.5 ft from the centre of support :
(1) Due to diaphragms: 17,636 1b.
(2) Due to dead load : 7745 (46.25 — 18.5) : 214,800 1b.
(3) Due to live load:

12% UK 5ok SoK Jox  ¥ox  3oxk oK.
Isél 0.5 ti W l \ol ld ©

1.133 [50 (74 + T0)/92.5 + 30 (56 + 46 + 36 + 26)/12.5
— 12 (8.0 4 4.5)/92.5] = 1,46,900 11,
Total shear = 3,79,356 1b.
Spacing of 2 legged 3/8 in. dia. bars
=3 52X 0307 X 18000 X T5.43/370356 = 6.50 in
Adopt 6.5 in. spacing.
Section IV at 27.75 {t from the centre of support,
Shear (1) Due to diaphragins: 8,898 1)),
(2) Due to deck: 7745 (46.25 — 27.75) = 1,43,283 b,
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(3) Due to live load:

K 12K FoxSok ox sex 30K 30K
_l.ros' 4 14 m’l © L

92%

fo—— zvas'—*'

L1383 [50 (64.75 + 60.75)/92.5 4 30 (46.75 + 36.75 - 26.75 + 16.75)/92.5 — 12
(17.95 + 13.75)/92 ] tips = 1,12,000 b,

Total = 2,64,111 Ib.

Spacing of, 5/8 in. dia. stirrups =2 X3 X 0.307X 18000 X 753.43/264111
= 0.48 in. — Adopt 9 in. spacing.

Section V at 37 ft from the centre of support :
(1) Shear due to dead load = 7745 (46.25 —37) : 71,641 1b.
(2) Shear due to diaphragms: 8,828 Ib,
(8) Shear due to live load : ’

12K 12K FOKSOK 30K 3ok 30K

Hefi LT

o4

925

M gt 0" —]

[50 (55.56 4+ 51.5)/92.6 + 30 (37.5 + 27.5 + 17.5 + 7.5)/
92.5 — 12 (26.5 + 23.00)/92.5] X 1. 133 kips or 91,320 1b.
Total: 1,71,789 1b.
Spacing of 1/2 in. dia, stirrups—2 X 3 % 0.196 X 18000 X 75.43/171789
= 0.20 in. — Adopt @ in, centres.

Section VI at Mid span :
(1) Deoad load shear : Nil,
(2) Shear due to live load :
[50 (46.25 + 42.25)/92.5 + 30 (28.25 + 18.25 + 8.25)/92.5
— 12 (35.75 + 32.5)/02.5)] X 1.133 = 64,500 Ib,
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7KK SOK TOK S'OK 3ok 30K
}

Bleg e delsl

b
o

e,
925 i

Spacing of 1/2 in, dia. stirrups:

3 X 2 X 0.196 X 18000 X 75.43/64500 = 24.76 in.
Adopt 24 in.

Arrangement of stirrups for the webhs:

Diametor Spacing Range

5/8 in. 4 in.

5/8 in, 5in. From 9.25" to 18.5°
5/8 in. 6% in, From 18, 4’ to 2775
5/8 in. 9 in. From 27.75" to 37
1/2 in. 9in. to 24 in. From 37’ to0 46.25"
ie., 4 X9 in.

3 X 12 in.

1 X 18 in.

1X 24 in.

Bond stress—-24 bars of 1 in. dia. will be taken upto support.

Bond stress = 874536/24 X 22/7 X 1.5 X 75.43 = 67.3 Ib.
SATE

Upto 9.25" from the centre of support.
do,
do.
do.

do.
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Appendix 6

1. Topographical Features

1.1. Bridge Site:

The Bridge is situated i plain couniry, across the perennial rainfed

Udyavar river subjected to tidal action of the sea. The banks at bridge site
aroe fairly well defined, tho bridge is on a straight reach. The bed of the
river consists of mediwm sand over clay and hard rock.

2. Hydraulic Particulars

Catchment area consisting of lightly

covered plateau ... 116 8q. miles.
Maximum theoretical discharge ... 33,680 cusecs.
High flood lovel ... 1121 ft below road level.
Highest tide lovel ... 13.41 ft below road level.
Lowoest tido lovel ... 19.46 ft below road level,
Theoretoial velocity developed under high

floods ... 3.68 ft per second.

3. Load

Design of loading ... LR.C. Clags * AA’ single lane or

LR.C. Class ‘A’ double lano
whichever produces worse
effect.

4, Maximum Pressure
On bearings ... 1,032 1b/sq. in.
At the base of pier ... b5.97 tons per sq. ft.

Well foundations rest on hard rock in all cases.

5. Quantities of work involved in the bridge

Plain cement goncrote ... 82,300 cu. ft.
Roeinforceed eement gonorete v 59,000 cu. ft,
Masoury work . 12,600 cu. ft.
Ceinent used . 1,380 tons,

Bteel used i 360 tons,
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6, Cost Analysis

Total length of the bridge including abutmonts ...

Total cost of the bridge (excluding approaches) ...

Cost per lincar foot of the bridgo

Cost per square foot of the bridgoe in c[cvu-?
tion from hottomn of foundation to top ¢
of korh )

Cost per square foot of carriageway
(carriageway 24 ft)

Cost per cubic foot of bridge (Height
reckoned from bottom of foundation to
top of roadway)

Break up figures of cost
Cost of foundations
Cost of substructure

Cost of superstructure

874 16
R 9,738,000
. L3

18.50

46.38

’ 0.70

Rs 3,72,000
»» 1,006,000
» 4,95,000
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Appendix 7

List of heavy machinery used on Udyavar Bridge works

[

EE

10.

11,

12,

26 H.P. Sentinal Gauz Engine No, 2C/100 coupled to Ingersol Rand
(Compressor 80 cu.ft.)

6 H.D. Lister Engine No. 10204514 coupled to Wilson Compressor
No. VC. 3422,

Parkor Mixer coupled to Lister Ingine 6 TLP. No. 10377574.

Millors Concrete Mixer coupled to 6 H.P. Lister Engine No. 8616514.
Marshall Benson Concrete Mixer coupled to 6 H.P. Lister Engine
No. C.C. 31623.

10 H.P, Double Cylindor Lister Engine No. 12811 coupled to Mather &
Plat Pump (4 in X 3 in.)’

5 H.P. Lister Engine No. 96612 coupled to D.B.I*. Pump (4in. X 3in.)

P and H Welding Generator Engine No. 2391128—H.P. No. 10;
Spee. No, 109927—Generator No. 13466.

Villiors Vibrator—~Machine No. 236-—No. 015—42907 A. Mark 25—
Model III.

Villiers Vibrator—Machine No. 236—No., 015 A/42920 A-Mark 26—
Model IIT.

Sereed Vibrator—Allam Petrol Driven Vibrating Tamper Unit
powered 13 HLP, Villiers Air cooled Petrol Engine No. 952 A 46700—
Mark 12 H.S.

Sump pump Type 8/600 No. 593101 —2 Nos.
595102

Ingersol Rand Pneumatic Drill No. I.R. 12 No., 203197.

5 H. P, Lister Engine No. C.S. 44963.

Wilson Compressor No. 3164—coupled to 6 H.P. Lister Engine.
Wilson Compressor No. 3446—coupled to 6 H.P. Lister Engine.
Wilson Compressor No. 3426. ’

Broom & Wade Compressor No. 319183,

Calyx Drill coupled to 3} H.P. Lister Engine No. C.8. 56168.
Calyx Drill,

Holman 8.B. 27 Silver Bullet 8.B. 250 1D/30051.

Atlas Sweedan—R.H. 57 No. 416204.

Ripper—No. 70105-25-Z-W-8-Pat. C.P, 1IL

Boring set complete.
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PLATE VII-A
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1. INTRODUCTION

1.1. During the past fow years, on account of all round
development and continued increase in production and prosperity
in the country there has been increase in the number of all types of
vehicles, particularly motor vehicles, This has created a parking
demand in urban areas. Undofined parking spaces and slack
enforcement of parking rules in almost all the big towns, coupled
with the increased parking demand have resulted in haphazard
parking which impedes the free flow of traffic and contributes
towards the increased number of accidents. This study has been
carried out with a view to assess the parking demand and to
suggest improvements in the layont of parking facilities in one of
the busiest centres of New Delhi, keeping in view the present and
reasonable future growth of traffic as far as possible and the innate
desire of the road users to park their vehicles as close to their
destination as possible.

1.2, The area selected for study is shown in Plate I (within the
cordon) and includes Connaught Place, Connaught Circus including
Service roads, Service lanes and Radial roads, Janpath (from
Connaught Circus to Keeling Road), Parliament Street (from
Connaught Circus to Hanuman Road) Irwin Road, (from Connaught
Circus upto Rivoli Cinema) and Curzon Road (from Connaught
Circus upto back side of Scindia House).

¥ Central Road Research Institute, Okhla, Now Delhi~20.
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The area has heen selected for study on the hasis of findings of
the origin and destination survey for the CGireater Delhi, conducted
earlicr by the Central Road Rescarch Tnstitute, New Delli, viz., the
Connanght Place area which was found to have the maximun
accumulation of vehicles on the area bhasis.

Due to contral location of Connaught Place, the best slmp'pin_(/
centre,  many  hotels, restaurants, cinemas, banks, private
offices, workshops and garages, cte., are located there resuléing in
very high parking demand.  Duo to there being no defined parking
spaces, and fmpulsive habils of the parkers, Il((})larlf{(lz'(l parking has
started which eanses irritation to the motorists, inconvenicnee to

hoth the shoppers and shop-keepers and also impedes smooth and
orderly flow of traffic.

2. PROCEDURE

2.1, TField surveys for the assessment of parking demand were
carricd out in June 1959. TFor the survey, the area under study was
divided into 5 zones, namely (i) Connaught Place, (ii) Service roads
and Service lanes, (iii) Radial roads, (iv) Connanght Circus includ-
ing Parliament Stroct, Irwin Road, Curzon Road and (v) Janpath.

The area was subdivided into 24 blocks to see the parking
demand and the parking spaces available in each block.

2.2, Vehicles were classified into the following two categories :

(i) Private vehicles including (a) private cars,
{b) motor cycles, (c) private buses and private trucks
and (d) cycles.

(i) Public transport  vehicles including (a) taxis.

(b) motor cycle rickshaws, two-scater scooters and
(c) tongas.

2.3. There were the following two distinectly correlated steps in
the study :

A, Surveys and analysis:
(i)  Assessment of maximum parking demand in the aroa,
(ii) Preparation of physical inventorics.

B.  Designing the layout for parking spaces and

. suggesting
methods for encouraging the turnover,

J. SURVEYS AND ANALYSIS

3.1.

The survey for parking demand of private vehicles was
eonducted

to find out maximum number of short-time parkers

PARKING PROBLEMS3 295

all-day* parkers and all night parkers._ With a view to assess thi
maximum parking demand for both private and public trallspgr

vehicles, direct hourly counts of the vehicles parked on all the 4 si ;{s
of the 24 hlocks were taken for 12 hours, i.e., from ‘) AM. to 9 P.M.
on dificrent days of the week (Monday thro frlday), 'Sepz;rate
hourly counting was donc on Saturdays for 5 }10111'9, 15. drom
4 P.M. to 9 P.M., the most favourite time for shopping. On :iun ays
and holidays parking demand is minimum, as such excluded.

-dav parking demand for private vehicles, was assessed on
weekﬁ})}ys %’yp notinz registration numbers of the parked \v:}u‘clei
at 11 A'M. and 4 P.M., vehicles found parked both at 0 ! ; ﬁ'd.;l(
4 PM. on tho same day were taken as all-day parkers. Vehicles
found parked at 4 AM. were taken as all-night parkers.

The data collocted was compiled separately for private vehi](il_es,
public transport vehicles and cycles. Hourly variation of par‘ m%
demand on weekdays for private motor vehicles, public transpor
vehicles and cycles is shown in Figs. 1,2 and 3.

o]
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NUMBER OF VEMICILES PARKED

-1
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\\
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PRIVATE CARS —
MOTOR CYCLES— —
BUSES & TRUCKS - =a--

Fig. 1. Hourly variation of parking demand for private vehicles

- L;s ;};an ’i héﬁ;; pa;l;;r;g ;:lns'siﬁed as short-time, exceeding 5 hours
parking were clagsified all-day parkers,
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The maximum parking demand for private vehicles was 901
private cars, including 324 all-day parkers; 327 motor cycles inclu-
ing 112 all-day parkers ; and 39 private buses and trucks inclnding
17 all-day parkers. For the public transport vehicles, the maximum
parking demand was for 167 taxis, 66 motor cycle rickshaws and 31

l

180

20

60 N 7N

NUMBER OF VEHICLES PARKED OM STANDS
=3
=3
1

H
/

TIME LEGEND
TAXIS —
M.C.R
TONGA = e

Fig. 2. Hourly variation of parking demand for

public transport vehicles

tongas. At present there arc 15 taxi stands {excluding one D17,
taxi stand near Kecling Road on Janpath), 7 motor cyele rickshaw
stands and 3 tonga stands, the maximum numher of ve
can be parked at each stand is not stipulated. There
stands in the area in which about 1,600 eyeles arc parked for the
whole day. The observed maximum number of cycles pm‘ke’d in these
stands was 1,937.  Besides the cycles parked in the cycle stands ) a
large number are parked haphazardly in different places ( Ex:u:t'
counts o_fl cglcltlas pa:rk_ed or}tside the above mentioned cycloi .stzmds( m
Egtb ;?;;1;2:88 Olt 18 estimated from origin and destination survey

hicles that
are 20 cycle

] 207
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Tig 3. Hourly variation of parking demand
for cycles on cycle stands

3.2. Physical inventory

Maximum parking demand for private cars and suggested provi-
sion of the parking spaces in each of the 5 zones and 24 blocks are
shown in Fig. 4 and Plate I1.

Physical inventory of the parking space availaple in the area,
after accounting for the spaces with physical obstructions to parking,
shows that the space available for parking is sufficient to meet the
present day parking requirements and also for soxpetxme to come,
if the suggestions in the improvements plan given below are
carried out and parking meters installed for enforcement purpose.

The parking meter scheme is likely to pay for itse}f within
2 years or so and the recurring income thereafter from this source
can be utilised for other traffic or parking improvement.
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Fig 4. Parking demand and suggested provisions of
parking for private cars in the 5 zones

4. PROPOSED IMPROVEMENT PLANS

41. Some salicnt features explaining the design for parking
are given below : °
) To make the maximum use of the space available for park-
ing, demarcation of parking stalls for each vehicle be made. This
will check the undesirable practice of double parking, parking near
intersection, haphazard parking, parking too far away from the
kerbs, parking on both sides of the narrow road, parking on side-

walks and parking for repair purposes near the workshops, etc.,
(Photo Nos. 1-—4),

(ii) Entrances to and exits from the parking areas to the main
roads be kept to the minimum so asto reduce interference with the
main ftraffic and also increase parking capacity of the parking lots

(iii) Scparate parking lots be provided for each category i. ¢,
all-day parkers and short-time parkers. The short-time parkers
should have lesser walking distance to their destinations as compured
to the all-day parkers. Short-time parkers have further sub-
catogorics of those wanting to park for less than 2 hours and those
wanting to park for 2 to 4 hours, Proposed parking arrangements
for different durations are shown in Plate IIL. '

(iv) The parking meters® (scheme which is self paying) bo
adopted for parking private cars and heavy motor vehicles.
Parking charges proposed below to be made only during the period
from 9 A M. to 8 P.M,

*Parking mwcter is a elock instrument which enables the motorists to buy
parking time and the polico authorities to take onforcement action if the

parking time exceeds the time bought,

Photo §

Vehicles are parked
on a side walk where
++ No Parking ” sign is
installed

Phora 2

Unorganized angle
parking on both sides
of a narrow road

Photo 3

Vehicles are parked
for repair purposes
infront of a
workshop



Photo

Vehicles are parked
just near the
intersection

Photo 6

Mixed parking of
cycles and vehicles
showing different
parking diseases

Photo 5

Obstruction to traffic
while unparking

=

Thoto 7

Haphazard parking

leaves little space

for the pedestrians
to walk

Photo 8

Parking just near
the intersection
obstructs the sight
visibility of the
approaching vehicles

ey

T3
Bkl Rt

v i

Haphazar8 parking
reduces the road-
way capacity



Photo 1o

Haphazard parking
causes obstruction
to the motorists
pedestrians

Phaoto 12

Vehicles are parked
on side-walks

Phaoto 11

Inefficient use of the
parking area
available
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Parking Time Charges
0 - § hour 05 nP
} ~ 1 hour 10 nP
1 - 2 hours 20 nP
2 — 3 hours 30 nP
3 — 4 hours 40 nP
All-day parkers 50 nP

Expenditure likely to be incurred on parking meters shall be
sealized with interest in about 2 years time on the basis of charges
given above.

‘ The approximate cost of parking meter and the expected
income derived during a period of 2 years is given below :

Rs

Initial cost of a parking meter 350.00
Interest for 2 years @ 4 per cent per annum 28.00
Maintenance charges @ 10 per cent of initial cost 356.00

Torar CosT: 413.00
Calculated average vehicle hour/meter/day (Fig. 1)—7
Income/meter|day 70 nP
Income/meter/year (300 days) Rs 210.00
Total income for 2 years Rs 420.00

Main purpose of installing parking meters is not as much
to raise money as to make people use the parking space for a mini-
mum period and thus permit greater use of space available for
parking. Some of the advantages of parking meters are given
below :

(1) Reduce duration of parking, thereby making the space
available for use by greater number especially for short-
time parkers.

(2) Discourage all-day parkers at the kerb and thus permit
short-time parkers to park their vehicles closer to their
destination or visiting point.

(3) Undesirable parking practices are avoided due to orderly
spacing of vehicles. This aids free flow of traffic and
reduces parking accidents.

(4) The charges proposed are low compared to the advan-
tages sought for both, the shoppers and the shop-keepers.

4.2. Plate ITT shows the layout of parking for different types
of vehicles in the area under study. It also includes the demarcated
areas for public transport vehicles and cycle stands. It also shows

7
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the differont parking lots for private cars with their respective tinie
Jurations of 2 hours, 2 to 4 hours and all-day. In Plates 11T and 1V

provision for the following parking spaces for each class of
vehicles has been made:

(1) Private Cars

1,329 parking spaces out of which 423 are for parking upto

2 hours. 479 spaces for 2—4 hours and the remaining 427 for all-
day parking.

(2) Motor Cycles
643 spaces.

(3) Heavy Motor Vehicles

42 parking spaces, out of whicly
and 15 for all-day parking.

(4) Cycles

27 are for short-time parking

23 cycle stands with approxiraate total parki S bacity
2,560 cycles. parking capacity of

(5) Taxis
17 taxi stands to accommodate 191 taxis.

(6) Motor Cycle Rickshaws

6 motor cycle rickshaw stands with total narki anac
83 vehicles. * palkmg‘ capacity of
(7) Tongas

4 stands for 41 tongas in all,

Plates V, VI and VIT show the maximum space available for
parking and the suggested design for parking showing parking stallg
entrances to and exits from the parking lots and the physical changeé
proposed in the pavements, ete., in the area covering all the 5 zones,

utn parking demand on
parking spaces proposed,

Plate TV shows the maxim

of the 24 blocks and number of every side

4.3. Zone No. I—Connaught Place

This zone is sub-divided into two groups :

(i) Blocks facing Connaught Pl i.
C,D,E and F) 5 ace (ie., Block Nos. A, B,

(i) Central Park.

=
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4.3.1. Block Nos (A, B, C, D, E and F ) facing Connaught Place.
Existing Conditions

The roadway is mostly 55 ft wide and carries one way traffic.
All the blocks have a setback in the middle except Block Nos Cand
D. Vehicles are parked in an unorganized manner, which cgusres
obstruction to the free flow of traffic when unparked, (Photo No. 5).
Maximum parking demand and tho number of parking spaces
proposed are given in Plato IV.

Suggested Improvements

(i) Demarcated parking stalls may be provided in front of
each block as shown in Plates V and VI.  These stalls should be at
45" to the curb near the ends and at 90° at the centre of each block
in the setback areas. Block numbers C and D should h_ave stalls
at 45° only, this type of stall needs only 10 ft manoeuvring space.
Stalls at larger angle requirc more space for manoeuvring and thus
reduce the free width of the main roadway.

(i) Tt will be seen from Plate IV that the parking space
available is in excess of the existing demand, therefore no p_a,rkgng
stalls have been suggested in front of the Theatre Oommumcatlog
building and the adjoining park. This space can be kept reserve

for future demand, for the present parking may not be permitted in
this area.

(iii) The curb radii joining the radial roads to Connm_lght
Place should be changed to 70 ft to ensure the turning vehicles
against coming in contact with the parked vehicles.

(iv) All-day parkers in this zone may be shifted to the

Central Park. This will not involve much walking distance to the
car parkers,

4.3.2. Central Park
Existing conditions

Available space for parking is 33 ft wide around the park and
36 {t wide on Ie;av,ch aidg of thge four radial roads which divide the
Central Park into four quadrants. Space around the park is bemlg
utilized for short-time parking, all-day parking and for five cycle
stands. Out of the 8 kerb spaces on the 4 radial roads, three arg
used as taxi-stands, two as tonga stands, one as cycle stand an
the remaining two are not being properly used.

Suggested improvements

(i) The space facing buildings in Connaught Place around
Central Park should be utilized for all-day parking, the stalls may
be provided at an angle of 45 degrees. There is enough space to
provide 110 parking stalls. Demarcation for stalls be made with
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bricks projecting about 1 in. above the ground. The projecting por-

tion of bricks be painted white, or a pucca surface may be provided
and demarcation for the stalls boldly marked.

(i) The boundaries of the existing 5 cycle stands should be
properly demarcated and those not situated at corners be shifted
there as indicated in Plates V and VI,

(iii) Three kerb spaces on 4 radial roads within the Cent.m]
Park area are at present not properly utilized except the one ben}
used as a cycle stand. This cycle stand is recommended to be shif-
ted to the corner of the berm scross cach block of Connaught Place
as shown in Plates Vand VI. Three kerb spaces thus available
should be utilized for the parking of heavy motor vehicles at an

angle of 90 degrees to the roadway, two to be used for short-time
parking and the third for all-day parking.

4.4. Tone No. 2—Service Roads and Service Lanes

4.4.1. Existing conditions

The width of the service ro
side-walks. The road carries o
three storeyed buildings on both

ad is mostly 52 ft including 5 ft
ne way traffic. Newly constructed

sides of the road are mainly utilized
for offices and other small buildings as garages, motor repair-shops

and godowns, ete. In this area in addition to parked private vehicles,
there is a taxi stand for 10 taxis between Block Nos. F and N and
a private cycle stand for 80 cycles between Block Nos. B and H
(Plates V and VI), This cycle stand is mainly used by the workers of
the automobile workshop situated in the zone. Photo No. 6 showg
the present haphazard parking conditions.

4.4.2. Suggested improvements

(i) There is no necessity of a cyecle stand at this place, most of
the users of the cycle stand are the employees of the nearby work-
shops ; they can use the N. D. M. C. cycle stands which are located
not very far from this place. 1t is, therefore, suggested that the cycle
stand between block nos. B and H may be removed.

(ii) Layout of parking stalls for Private vehicles may be at an
angle of 45 degrees, facing inner blocks of Cennaught Place. No
parking be permitted on the other side of the road.

(iii) Kerb radii joining the radial roads and the service roads
towards the parked vehicles be §

nereased to 70 ft as per the design
suggested for reasons mentioned alrcady (vido para 4.3.1)

4.5. Zone No. 3—Radial Road
4.5.1. Existing conditions

There are 8 radial roads, e

ach 40 ft wide, connecting Connaught
Place and Connaught Circus (

Plates V and VI). On either side of the
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roads, wide berms are available where vehicles l'tilr:s 22;1;%?
ha.phe;,zardly, (Photo Nos. 7 and 8), thereby le;LV{llgﬁhl ‘ntegsection
the pedestrians to walk. Vehicles parked just nea i eo ltaxi cction
obstruct the visibility of the approaching vehicles. vgs et
exist to cope with the requirements of the restauran

radial road Nos. 4 and 6.

4.5.2. Suggested improvements

(i) 'The curbs which are bevelled with tl_le roadway may be
raised except at the specified entrances and exits.

i i i i stands and oycle
iif) D cation for private vehicles, taxi s
stanégl)maye%?tl:ne (PlzmteI; V and VI). Vehicles may be allowed to
park within the demarcated areas only.

4.6. Zone No. 4—Blocks facing Connaught Circus, Parliament
" Street, Irwin Road and Curzon Road
4.6.1, Existing conditions

This is the most congested of all the zones and has the maxi-

mum parking demand for private vehicles. In this zone there are 7

[ 7
taxi stands, 7 motor cycle rickshaw stfmds, 1 tongg.d s‘i;n&l eazg.“
cycle stands. Space is available for parking on either side e king
wylde road. Photo Nos. 9 and 10 show the existing P
conditions.

4.6.2. Suggested improvements

i h kerb, one at
There are two unnecessary openings on eac
the Cglﬂ'zon Road and Scindia House, and the other at J ar;gztl; 3(111:1
Scindia House which may be closed. These openings gthe sddi-
tional approaches to the intersections, which .mcreasesfﬁ e ey of
ference with the main traffic flow, thereby reducing the e
the intersections.

i i i) 12 ft wide on the
ti ested that raised sxde-wall_is (i)
kerb(2gf gega?“%guilding, and (ii) 10 ft wide in front of the park
facing the Regal Building be provided.

i i he Regal Buildingin
3) Raised kerb near the park facing th "
Conn(a.l)lghtaCircus should be lowered flush with tl}? E(.c;a,dwa.y an
this space may be used as an aisle for the parked vehicles.

i kerb space of Block
4) A continuous bay for Bus-stops on the . .
No. (N)fa.cing Connaught Circus be provided as shown in Plate \4 !

i i Block No. S, both
5) Open drains outside Block No. 148 and
fa.cin(g) Conl;laught Circus, should be covered and the space thus
made available be utilized for parking.

. : be rtaised,
6) Kerbs which are bevelled with the roadway may
exceét)at the entrances and exits that are specified on every kerh
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INTRODUGTION

This year’s review of the research work carried out in different
parts of the country is significant in that a major part of the work
accomplished has shown & dofinite bias towards actual field experi-
mentation of laboratory findings.

Soil stabilisation techniques, particularly the mechanical, lime,
and cement methods are attracting more and more attention in
many parts of the country, where these are being tried on a field
scale. A greater awareness of the place of scientifically compacted
soil in a flexible road crust is also ovident in some States.

Systematic work seems to be on hand in some States on
pavement failure studies in order to find remedial measgures.

asuistanntui R e
* Compiled by the Director, Central Road Research Institute, New Delhi-20
8
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Another encouraging foature is the beginning made in the
direction of research on bridges and structures particularly by the
Madras Highway Research Station and the Central Road Research
Institute, in recognition of which a new ‘section has been started

from this year's report on Road Rescarch, to cover the important
work done in this field.

All these developments speak of the progressive trend in Applied
Highway Research, notwithstanding the fact that the reporting
organisations were limited to the States of Andhra Pradesh, Bihar,
Madras, Punjab and West Bengal in addition to the College of
Military Engineering, Kirkee, and of course the Central Road
Research Institute, New Delhi. It is hoped that in course of time
more and more States will establish their research and testing

centres and add to the usefulness of this contribution,

1t is expected that members taking part in the discussion on
this report during the I.R.C. Session at Bhopal, will bring out, for
the information of delegates, all such items of research which

might not have found place in this report due to some of the reports
not having been received in time.

As has been the practice all these years, salient points for

discussion are given at the end of each section, in an effort to
provoke discussion.

I. DESIGN, CONSTRUCTION AND MAINTENANCE
1. RIGID PAVEMENTS

L.1. Design

General

In the field of rigid pavement design, work is being continued
by the Central Road Research Institute! in connection with the
measurement of temperature differentials in concrete pavements.
On the basis of measurements so far taken at Delhi, Madras and
Hyderabad, a temperature differential of the order of 4°-59F in.

depth of the concrete slab has been reported. (The gradient now
used for design purposes is of the order of 2°),

As the existing pavements in the differont parts of the country
aremostly 4in. to 6 in. thick only, itis proposed to cast slabs of a
range of thickness from 4 in. right upto 10 in. at each master
station, so that temperature differentials can be obtained for different
climatic regions at the various master stations for the entire range
of thicknesses, which are expected to be adopted in future designs.
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1.2. Construction and Maintenance
1.2.1. Field experiments
Pavement for Tracked Vehicles

Further work has been carried out by the College of Ml]ltar);
Engineering, Kirkee®, by laying two types of wearing surfaces ((i)\fe
a track 70 ft » 24 ft. The overall thickness of the slabs was 6 1n.
The lower 5} in. was laid with a concrete mix _of proportions
1:1.5:3.75 cement sand aggregate by weight, while the top } in
was laid in two different ways given below :

(a) A mixture of 1 part Hardonate and 4 parts cement b(yi
weight was prepared.  This mixture was then .adde
to } in. size aggregate in the proportion 1:2 by
volume.

b) The top ¢ in. consists of granolithic concrete of propor-
® tions pl :1:2.5 (cement : sand : aggregate passing
} in.) by volume.

‘Results of the performance of the two surfaces are being studied.

Grouted Cement Concrete Experiments

i i Delhi-
The experimental grouted concrete road construction on _
Mathura rgad, which was executed by the Pup]ab 1P.W.D. in
collaboration with the Central Road Research Institute, (_joncrete
Association of India and Ministry - of Transport (Roads Wing), has
been completed. The data obtained from the observed behaviour
of the test track is being analysed.

Quality Control in Pavement Construction

e of a portable, swing type, weigh batcher for ma:kmg
highiﬁi]lilt; concrI:ate with a specified flexural strength of 650 peud wasfx
resorted to at Bhopal for the construction of the factory roads o
the Heavy Electricals Ltd. Control was exercised over the various
ingredients of the designed cement concrete mix for their correct
quantity, aggregate quality, moisture content and the workability
of the conorete. Cubes and beams were cast at frequent intervals
and tested at 7 and 22 days. On the whole, a.bo.ut 450 beams were
cast during the job and the coefficient of variation of 8.4 per cent
was achieved, whereas in & parallel experiment on _Delhi-Mathura,
road where volume batching was resorted to, with similar controls,
the coefficient of variation for the various beams cast on the work aqd
tested worked out to 17.
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1.3. Laboratory Research

1.3.1. Use of Admixtures in Concrete

Use of Clinker and Flyash in concrete

The Highway Rescarch Station, Madras,® has reported that
substitution of cement by flyash reduces  strength. However,
replacement of sand by flyash is reported to give better strengths.
Clinker, despite passing the soundness test as determined by pat

method, when used to replace the coarse aggregate in concrete,
results in lower strength.

1.3.2. Tests on Cement and Concrete
(i) Efficiency of the various methods of mix design

To compare the efficiency of different methods of mix design
that are in use to-day, the Central Road Research Institute
designed concrete mixes for constant strength and workability by
eight different methods and tested these for cube strengths. Further
work to recommend a simple method of mix design embodying the
important features of the various methods is in progress,

(ii) Relationship between water/cement ratio and compressive
strength of concrete made with Indian cements

In _continuation of the work reported in the previous year’s
report, investigation on the relation between W/C ratio and com-

pressive strength on one more cement has been completed by the
Central Road Research Institute. '

(iii)  Partial replacement of sand by soil in cement mortar

“ Wopk at the Highway Research Station, Madras, has revealed
that partial replacement of sand by loamy soil to the extent of 30
per cent in cement sand mortar improved the workability and

strength. The effect of the replacement on the durability and
shrinkage characteristics is under study.

1.3.3. Alkali Aggregate Reaction

Studies at the Central Roa. on the potential
reactivity of various rock types , basalts, limestones
and quartzites have revealed that some quartzites show chemical
reactivity with alkalies of cement.

A coarsely grained quartzite, if
it is intensely fractured or internall ot & ’

. y strained as a result of meta-
morphic process, also shows reaction

1c p i The reactivity of such
quartzites increases with temperature.

A study of the potentia}
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reactivity of a number of aggregates from different quarries has
been taken up.

1.3.4. Resistance to Sulphate Attack

Further work at C.R.R.I. on 15 different qlays, calplned at
different temperatures, has confirmed the previous ﬁr}dmg that
clays, calcined at higher temperatures, are more effective in prevelan(i
ting the sulphate attack on concrete. The results have reveale
that all types of clays, irrespective of the mineralogical composu(i
tion and the optimum temperature for maximum reactlgrmy, shoul
be calcined at a temperature of at least about 1000°C for most
effective prevention of sulphate attack on concrete.

1.3.5.  Use of Foundry Slag in Road Construction

A study of the use of foundry slag for road construction by
the O.R.R.}i. using the foundryyslags available around Delhi has
revealed that thesc slags, which at present are considered a waste
product causing problems of disposal in a number of foundries,
could be used for soling and for water-bound macadam constructions.
Further work on their use as concrete aggregates is being carried
out,

1.3.6. Abrasive Resistance of Concrete

Work is in progress in C.R.R.I.! on the effect of qumal sur-
face treatments such as sodium silicate, etc., on the abrasive resis-
tance of concrete surface.

1.3.7. Fatigue of Concrete

With a view to study the effects of air-entrainment, aggregate
type, and mix proportions of concrete on its flexural fatigue, a
machine has been fabricated at the C.R.R.I. to test beam specimens
of 4in. x4 in.x 20 in. The machine has an automatic recorder
that can record upto 10 million repetitions of load and is provided
with an automatic device which stops the machine, after the
failure of the specimen.

. . : da

The Highway Research Station, Ma,drfa,:s,q has also develope
fatigue testi%mg machine, capable of imposing a load of 1 ton at the
rate of 120 cycles per minute.

1.3.8. Joint Sealing Compounds

The work on the manufacture of joint sealing compounds for
use in airfields used by jet aircrafts was continued at the C.M.E.,
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Kirkee . A large number of compounds were developed using
depolymerised, masticated as well as ordinary rubber, with
different grades of road tar in various proportions. However, labo-
ratory tests showed that these were not upto standard in the flow-down
and extension tests. Replacing tar with pitch in the above com-
pounds produced no improvement. On the other hand, a set of
compounds using a mixture of 20/30 and 80/100 bitumen with
masticated rubber has been found to be satisfactory, in so far as
extension and flow-down tests are concerned. They are, however,
susceptible to softening by jot fucl. A further set of experiments
reported to be in progress using hitumen based compounds with a

top coat of tar and epicote resin based paint, in order to make the
seals jet fuel resistant.

1.3.9. Expansion Joint Fillers from Coconut Pith

A process for binding the coconut pith into sheets which could
be used as premoulded expansion joins filler in concrete roads, has
been developed by the C.R.R.I. Tho cost is rather high and efforts

are heing made to bring it down to a competitive level with
imported products.

1.4. Overlays

Laboratory experiments have been conducted at the Central
Road Research Institute with bonded overlays in order to find the
efficacy of concrete overlays, over old eXisting concrete pave-
ments as a method of strengthening inadequate pavements. Several
bon'dmg media such as neat cement grout, sand cement grout,
sodium silicate solution, etc

-» have been used in casting composite
beg»ms. The olgl surfaces were washed with 20°B (L.02 sp.gr.) HC]
acid.  After curing for 28 days the beams were tested for flexural

strength.. Experiments conducted so far indicate that neat cement
grout with water cement i

between the two layers, giving a flexural strength anywher:e from
98 per cent to 100 per cent of that of the monolithic heam.

It.; is proposed to lay experimental overlays both of flexible
and r_xgld type over the Hapur-Garhmukteswar concrete road
g.doptmg the various design procedures suggested for such construe-
ions,

1.5. Prestressed Concrete

Laboratory investigations are bein
find a suitable method for reducin
concrete pavement construction,
indicated that by placing inflated ai

g carried out in C.R.R.I. to
g subgrade friction in prestressed

Studies carried out so far have
r bags made with paper covered
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alkathene between the precast slab (6 f6 x 3 ft X 4 in.) and the
subgrade, the subgrade friction reduces to a value of about 0.2,
whereas the subgrade friction measured with waterproof paper
laid on fine grain sand was about 0.4, Further studies with
cast in situ slabs arc in progress,

Salient Points for Discussion

1. Effect of partial replacement of cement by soil in cement
mortar.

2. Advisability of using weigh batching instead of volume
batching for cement concrete pavement construction.

3. Strengthening of weak concrete pavements by use of over-
lays.
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2, FLEXIBLE PAVEMENTS
2.1. Bituminous Pavements
2.1.1. Design
(i) Pavement Thickness

A comparative study of the C.B.R. method and the Linear
Shrinkage method (devised by Australian Highways Department)
for the design of flexible pavement thicknesses was i-eported to have
been carried out as a collaborative rescarch problem at the West
Bengal Road and Building Research Institute! and the Madras
Highways Research Station®. This problem was initiated by the
Ministry of Transport. It is indicated that both the methods yield
values for pavement thickness which are quite cloge except in o fow
cases. Further work regarding actual correlation hetween the C.B.R.
and the linear shrinkage methods for different types of Indi

) : ! an goils
might throw more light on this aspect of study.,

(ii) Pavement Performance

This year’s reports indicate that pavement performance studies
comprising  field investigations arc being carried out by the
various laboratories for finding out the possible causes for failure of
some of the roads, to suggest remedial measures in a greater number
during the period under review. This trend is very encouraging,

(iii) Design of Dense-graded Mixtures

.It iy encouraging to find that during the year under review there
are indications that the use of dense bituminous
ments in suitable cases is attracting attention.
handicaps in its large-scale
machinery

mixturey for pave-
: One of the major
: e application seems to be the paucity of
required for mixing and laying of such mixtures.

The Central Road Research Institute®
suitable dense mixtures for pavements at
Bhopal, on N.H. 47 in Kerala and for
Bombay. The Highways Research
denge mixture for Srirang

during the year designed

Heavy Flectricals Ltd.,
Atomic Energy Commission,
Station, Madras,” designed n
am Municipality using cement as fillor,

The Central Road Research Tnstitute studied the posuibility of
using silt as filler for dense carpet mixtures. Laboratory tests
indicate that silt can be used as a filler for bringing the voids per-
centage below 6 per cent. A test track using silt as a filler in
dense carpets is being laid,
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The Highways Rescarch Station, Madras, carried out tests using
fillers, such as cement, granite dust, lime, flyash and comb'u'mtlons
of these in asphaltic concrete mixtures with respect to stability and
voids in the compacted mixture. The investigation 1s in progress.

The experience at the Central Road Research Institute indicates
that the use of gradation modulus method*' aiming at the limiting
values 4.5 to 6.5 helps in reducing considerably, the time required for
designing the aggregate combination, when compared to the
ordinarily used trial and error method.

2.1.2. Construction and maintenance
(i) Field experiments
Surface Dressings

Observations on the performance of the various specifications
laid on an experimental test track, conducted by (J.R..'R..I.. during
last your, are in progress. The results so far collected indicate the
following :

Tor tar surface dressings, using RT-3 as binder it was found
that :

1. Unprimed base of water-bound macadam with 50 }b
binder requires either 44 cu. ft. of graded aggregate 1n
two spreadings or 5} cu. ft. of single size aggregate in
one spreading for 100 sq. ft.

2. If a prime coat of 18 pounds of primer is used, the
binder quantity can be reduced from 50 pounds to 40
pounds for 100 sq. ft. keeping the aggrogates same as
in item 1 above.

3. It was also found that for new water-bound macadgm,
a prime coat is definitely an improvement as against
unprimed surfaces.

Surface Dressing with Precoated Chips

Madras Highway Research Station® laid an experimental
length with in;g preriix carpet on N.H. 45 using a seal coat but
with or without & dry sand flushing at the rato of §cu. ft. per 100
sq. ft. It has been reported that there is no difference in the surfaces
with or without dry sand flushing.

In order to have a comparative study on the surface charac-
teristics, the Madras Research Station has proposed to lay experi-
mental stretches on Madras-Tiruchi-Dindigul road comprising

9
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nine differont specifications of surface dressings with precoated
chippings.

Asphalt Concrete Carpets

A Paper on the design and construction of an asphaltic con-
crete carpet for a section of road on National Highway No. 2 at
Delhi was presented during the Bangalore Session of the Indian
Roads Congress. Due to some unfortunate confusion that arose
during discussion, doubts were expressed regarding  the
adequacy of the design procedure adopted for a successful and
durable carpet due to the high void content, in certain cases of s
much as about 12 per cent allowed in the compacted carpet.

In this connection, it has been stated by the C.R.RI. that the
adopted  design procedure for the semi-dense carpet (if it
may be so named), presented in the Paper, is not to replace the
conventional design eriteria laid down for dense carpets but only
to prove that the resulting carpet, while costing no more than the
conventional saud crete mixes gives considerably higher stability
values and a very much better cavpet. It iy understood, of course,

that such a carpet would require a proper mixing plant and labora-
tory facilities,

This carpet was under continuous observation during the fast
20 months. Even though the period under observation is not much
when compared to the total probable life of the carpet, the
periodical tests conducted by the (. R.R.I. to determine the void con-
tent of the carpet indicated that the void content is reduced from
about 12 per cent to 7 per cent as a result of traffic consolida-
tion, without any appreciable increase in fines. The design mix
as adopted in the already laid carpet was further examined by
carrying out tests for absorption and comparing the same with
those for a similar mix together with 5 per cent cement as filler. The
results are given in Table 1.

TasrLe 1
Description Design mix Denign mix + 5 per cont
cemont
Swell per cont ! 0.33 : 0.1
I
Water absorption por cent | .38 ‘ 0.72
Por cent retained strength % o } 94

These values are within acceptuble limits.
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Further, no deterioration was noticed in the pavement perform-
ance from the periodical observations made either by measuring
unevenness index using bump integrator, or ploptmg the cross
sections of the pavement at representative ]pca@ons using s;,ln
accurate levelling instrument, or by visual examination within the
range of tho sensitivity possible. The bump integrator readings
obtained from time to time arc presented in Table 2.

TapLE 2
Bump integrator values-—unevenness index, in./mile
Date of observation ' Unovenness index
27-8-1059 107
26-2-1960 101
27-8-1960 ! 112
9-9-1960 i 112

igni i hi ed on the

The only significant difference which can be observe
pavement su)r’face at present is- the excess blt'umen working out to
the top of the pavement at local spots, which is due to worku;)go up
of the tack coat which was laid rather unevenly by manual labour,

The data collected in C.R.R.I. on the properties of the three
different types of mixtures, namely, (a) design mixture, (b)stone-

sand ‘crete’ type of mixture, (¢) open graded premix are given in
Table 3.

TAﬁLE 3

Comparison of the properties of the mixture

8i Stone-sand Open graded
No. Proporties nﬂ?tlg;le crote ’ promix
I 25
1 | Percentage of voids | 7.4 9.1 ’ 5
oo ; Sample fails imme-
2 | Stability (Marshall) 1286 | 664 ( dialzely aftor
| moulding)
l
3 | Flow | 15
4 | Abrasion per cent 0.48 1
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In view of tho data presented above, based on the merits of the
three different types of pavement mixtures and in view of the slight
variation in cost between them, it is considered that there is no
justification to adopt open graded mixes for any carpeting work
oxcept in the form of thin precoated surface dressings.  Due to the
distinet advantage of the designed mix from the various aspects of
stability, void content, water absorption and swell characteristics over
the stone-sand  crete’ type mix, with insignificant increase in cost,
if any, it is considered preferable provided suitable machinery and
testing facilities are available to adopt thin carpets with designed
mix criteria in place of the stone-sand ‘crete’ typo asa via-media
with best possible advantage, till such time that the country can
afford to have and the traffic justifies dense carpets involving higher
costs and suitable construction machinery.,

With the above background, in order to know more about the
performance of such thin, semi-dense carpets in different climatic
and rainfall conditions, it is proposed to try similar thin semi-dense

carpets in different parts of the country using the following design
criteria :

1. Gradation Crusher run stone, adjusted
in grading as required.

2. Per cent voids in the com- 7 to 12
pacted mixture.

3. Marshall stability Ihs .., = 500

Mastic Asphalt Surfaces

With a view to evolve su

itable surfacing material for tracked
traffic, CM.E,, Kirkee,*

reported the laying of an experimental test-
track consisting of mastic asphalt prepared by cooking a mixture of
bitumen and fine limestone dust passing 200 mesh or cement. Sand
and aggregate are then added and cooking continued. Study ig
reported to be in progress using different types of ingredients and

grades of hitumen ranging from 10/20 to 80/100 penetration, No
results have been reported yet,

2.1.3. Laboratory research
(i) Cold Fine Asphalt for Surfacing

Ms. Burmah—She]l in conjunction with Madras Corporation, have
developed a hot bituminous mixture con '

. sisting of aggregate from
1/_4 m, dOWI} to quarry ﬁneg and 80/100 peneteration bitumen fluxed
with light diesel oil. The mix remaips workable even after 2 months’
storage and it can be laid cold. ‘
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(ii) Analysis of Road Tars

In a study on road tars carried out by the Central Road Re-
gearch Institute®, it was found that in Inc.lian Tars, pltch/a,nthra,cer_le
oil ratio is on the higher side in comparison to the tars produced in
Germany. The pitchjanthracene oil ratio of the tars varies from
grade to grade.

(iii) Cutbacks

It has been observed in a study carried out by the Central
Road Research Institute that to obtain the optimum viscosity
of the binder for best adhegion with aggrega.t'es in surface dress'mg
work, 2 per cent to 14 per cent of fluxing oil is necessary depending
on the pavement temperature, It has been assu1med that in India
pavement temperature varies from 60°F to 140°F. The intention is
that in order to ensure maximum adhesion, only one or two cutbacks
should be standardized, and depending on the season in which work
is carried out, the necessary additional cutback should be added
at site, -

(iv) Stripping of Bituminous Binder

Investigations were carried out by B & R Laboratory of Punjab
P.W.D.” with anti-stripping agents like Adhevia-T, Duomeen-T,
Cationic Emulsifier, and Turkey Red Oil. As a result of these
investigations it was found that the use of' Tut:key Red Oil, 1.5 per
cent by weight of binder, in conjunction w1}3h hme., 1.5 per _cent by
weight of stone bajri, is most economical in improving adhesion bet-
ween stone and binder,

Similar work is also reported to be in progress in Madras
Highway Research Station with Adhevia-T.

Central Road Research Institute carried out tests and found
that Duomeen-T arrests stripping of binder from difficult stones like
coarse grained granites,

i i itable anti-stripping
Experiments are in progress to Qevelop.sul ;
agents I;vith indigenous products with which the bitumen can be
doped.

(v} Low-temperature Tar

The Central Road Research Institute® has processed tl}e low-
temperature tars into two types of road binders by (1) fluxing the
low-temperature tar pitch with high temperature tar oils and (2) by
blending the low-temperature tar pitch with an equal quantity of
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hard grade bitumen. The first one resembles standard road tar and
the second resembles bitumen in propertios. A test track is heing
planned to evaluate suitability of these binders for surface dressings.

(vi) Sand Bituminous Stabilization

The Highway Rescarch Station, Madrasg, carried out work on the
stabilization of sand hy using cutback bitumen with coment and lime
as filler. The sand is fairly well-graded. Tt has been roported that
considerable saving will be effected if the conventional method

of road construction in coastal areas is replaced by this suggested
process.

In an attempt to improve the stability of desert sand, which is
of single size, the Central Road Research Institute tried different
fillers in the sand-bitumen mix. It was seen that when the sand

was mixed with 15 per cent of local kankar dust, the stability of the
sand asphalt mixture was doubled.

{(vii) Analysis of Road Stones

In the study of road aggregates in the Central Road Research
Institute, it has been observed that coarse-grained rocks, poor in

mafic mineral content, with coarsely crystalline surface texture show

poor adhesion with bituminous binders. Further studies are in
progress.

Salient Points for Discussion

' l.. Adyisability of laying semi-dense carpets in different
climatic regions to assess their behaviour compared to the conven-
tional ¢ stone-sand crete > type of construction.

2. Use of low-temperature tar as a road binder.

3. Introduction of cutback

. 8 with different percentages of
fluxing oils to ¢

ater for different temperature conditions.
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2.2. Soil Roads Including Stabilization
2.2.1. General

One of the significant features of this year’s work in the
different Research Stations appears to be the greater accent given
to experiments on soil stabilization on a semi-field scale and full
scale. In addition to mechanical stabilization, lime and cement
treatment are being tried quite successfully in many of the States,
particularly West Bengal, Madras, Punjab and Bihar. ) The Central
Road Research Institute is continuing its pilot projects for the
construction of stabilized-soil roads using locally available soft
aggregates in different parts of the country. Reports indicate that
the service performance of these roads is satisfactory. Soil stabili-
zation techniques are being extended on a field scale to areas subject
to waterlogging and high water table after uwsing bituminous
primers as capillary cut-offs for preventing the rise of water into
bases and wearing courses, and also lime and cement as stabilizers.

2.2.2. Stabilization of Black Cotton Soil

Further research work carried out in the Central Road Researc}x
Institute has shown that dolomite lime, which has so far bee_n. consi-
dered as an inferior lime, can be utilised profitably for stabilization
of black cotton soil. It not only cuts down the plasticity but

also gives higher compressive strength as compared to commercial
lime.

The possibility of improving the black cotton soil by heat
treatment was also studied at the Central Road Research Institute
in collaboration with Mr. L. R. H. Irwin of Australia, who was
in this country as a Colombo Plan Expert. Further work regarding
design of a heating machine for adoption in this country is now
being looked into.

The Central Roud Research Institute has further contim}ed
laboratory work on swell pressures in black cotton soils which
comprised of a study on the effect of area of loading on the swelling
pressure of soil, It has been found thq.t thgugh the total swell
pressure increases as the area of loading increases, the swell

pressure per unit area of loading d(?cffa,ses as area of loading
A .
increases. The formula %VV-‘- = (K‘—) (where W; and W, are
2

92
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f;:;il)ue lt)Lu‘lstoul ULl)lllt}iL’Ct areas of\ Af af'ul A‘_" respectively in lond
seems to hold good in the experiment of swelling prossure
algo, where Wy and W, are the total swelling pressures  and
A and A, are the arcas of plate on which swelling pruse;urc is
measured. The findings suggest that swell pressure tosts and load
tests are similar in character, the swell pressure test bo

reverse of the load test. ing the

2.2.3. Mechanical Stabilization

In Bihar, soil-gravel road construction has heen ¢
large scale during the year under review.
;)li :1)(:3 in H.&zfu.i'lxbug}x Qigitrict which passes through a hilly region

aving  rainfall of 50 in. to 53 in., soil ilizati

ay : | Jin, . 1-gravel stabilization
hd;fs bfzen adopted®. To_ improve such specifications against the
softening .ef‘feot due to'rain, some of the strotches have also been
treated with small concentrations of lime.

aken up on a
On a twenty-mile longth

i Thci) experiments on the improvement of soil-gravel speeifi-
(}Jla, mxis ¥y incorporating small percentages of RC,, cement and lime
ave been In progress in the Highway Research Station in Madrasg,

It is claimed that as a result of thi
) 8 ¢ I8 treatment, the C.B.R. v
of such mixtures do not decrease under soaking . BB valuos

Pilot plant lengths under the )
Research Inst_itute hgve recently b?eerclmégr(x)xlplg'ie;hzt ()§“'tml ol
length of 3 miles of road is also completed in Bihar! usilr‘:n%;&;;“l’ L
Ii?ﬁommquatlon In a region with an annual rainfall of 4%5 to 5 .O”"I‘
e condition of the road was reported to ho satisfactory Sil;nill:mlt"

work using this method of stabilization is : i .
Bengal, Madras and some other Sbabes). 9 also in progress in West

2.2.4. Chemical Stabilization

Work is in progress in the Colleg Titary W .
Kirkee,” on the efiectiveness of tmgg ech(;fmil\c{wlllsw:llihh;g néco(;'}ng,
Tri-Poly PhOSPh&@ and Sodium Hexa-Meta Phosphate whén . (llu'm
small concentrations, in improving soil pl‘OI)értieq ' 1t }use on
shown that the liquid limit of soils falling in the ML and CLlu-s been
of the unified soil clagsification system are effoctivel ‘ reduc f{rolf})s
an a,ddm(‘)n of us little as 0.4 per cont of these ihemigﬁT wx}tlh
effect of Sodium-Hexa-Meta Phosphate iy slightly. nmore wis.  The
than that of the other chemical, viz., Sodium-Tri-Pol Ii‘)‘}o nounced
It is also indicated that soils of CH group show very Y Phosphate.
to these chemicaly inasmuch as the liquid limit io 0:1 ret?bot::;le
unlike the other two soil groups mentioned above 'i‘he o oxpori:
ments have also revealed that for soils in the MI, 'and (?E L ol
pretreatment with these chemicals, prior to admixture with g&‘éﬁ:
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has some beneficial effect. It is indicated that the soil of the CL
group pretreated with 0.4 per cent Sodium-Hexa-Meta Phosphate
and stabilized with 5 per cent cement showed a crushing strength
100 per cent more than the same soil treated with cement alone.
Trials ave also in progress in the same organisation using dimethyl
dioctadecyl ammonium chloride for stabilization of different kinds of
soilg.

The work on chemical stabilization of soils, in so far as it
relates to the resistance to softening effect of water, has also been
conducted in the Central Road Research Institute with chemicals
such as Arquad 2HT, Armac-T, Cationic Emulsifier, D.D.B,
Silicone, etc.

B & R Research Laboratory, Punjab,’ has carried out some
laboratory investigations usingsurface active agents like Duomeen
T, sodium chloride, barium chloride, etc., for preventing efflorescence
in earth construction. It has been reported that Duomeen-T when
used in small quantities of 0.11 per cent by weight of soil was found
to be very effective in checking penetration of moisture.

2.2.5. Cement Stabilization

Roads and Building Research Institute, West Bengal,® reported
continuation of road construction work using cement stabilization.
An experimental length of road is also under construction in one of
the water-logged areas of West Bengal.” Cement stabilization is
also reported from Madras.”

Work conducted in Highways Research Station, Madras,®
indicates that addition of small percentage of cement to sand
bituminous mixes increases the stability of the mix considerably.

Criteria for Cement Content

Based on some field investigations regarding the distress of
some roads having soil-cement base, the Highway Research Station,
Madras,® have reported that, considering the extreme soil moisture
variation, with concentrated rainfall that are pronounced in tropical
countries like ours, the compressive strength after inundation of the
sample for seven days is most important. It is the opinion of the
Highway Research Station, Madras, that the criteria of fixing 250
psi for compressive strength is on the low side and that the com-
pressive strength value after seven days moist curing is to be fixed

at 400 psi.

Laboratory work conducted earlier in the C.R.R.1.° (which was
reported in Volume XXII-3) indicated that for some of the types of
soil met with in this country a cement stabilized soil developing a

10
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strength of 150 psi (tests on eylinders of 2 in. dia. x 4 in, ht,
suceessfully stand the moisture absorption, volumetric shrinkage
and the wetting and drying eveles as specified in ASTM. A mini-

mum strongth of 450 psi was suggested only for zones subject to
freezing and thawiny.

) can

2.2.6. Stabilization with Lime and Molasses

The use of lime in the stabilization of both
soils is being taken up very actively in
laboratory facilities exist. The B & R Research Laboratory,
Punjab,* has put up sizeable lengths of roads with soil treated with
lime as hase course in waterloggod arcas and the roports so far
received indicate that there have been no cases of failure. It
was reported by the same laboratory that silty and clayey soils
respond much better to lime treatment than sandy and non-cohesive

soils, and that lime treated soils show improvement with lapse of
time and after some weathering.

alluvial and clayey
almost all the States where

It has been reported from Madras that addition of small
percentage of lime to sand bituminous mixes increases the stability

considerably. ~ The work started by the Central Road Research

Institute” with lime and molasses for working out specifications for
village roads indicates that soil mixed with 5
2.5 per cent lime when

soft aggregate such as b

per cont molasses and
stabilized with 40 per cent by volume of o
rick aggregate, gives a very good riding
quality both during wet and dry weather. The length has been
under mixed light traffic for about two years and has given service
without requiring any maintenance. Tt hasg, however, been observed
on a similar length that without molusses whereas though lime does
provide a certain amount of resistance to softening in the wet
weather, its abrasive resistance to traffic in the dry weather is con-
siderably reduced.

B & R Research has reported that
addition of 3 to 4 per cent of molasses by weight to soil helps greatly

in preventing efflorescence in earth construction,

La,bm'u.tory, Punjab,"

2.2.7. Bituminous Stabilization

Successful stabilization of properly graded gravel with small
percentages of bitumen for all weather roads was reported by the
Highway Research Station, Madras * It was also indicated that
some soil bituminous mixtures and sand bituminous mixtures gave
very good stability values after addition of small quantities (about
L per cent) of lime and cement. Mixtures containing ‘ modified
gravel” + 2 per cent RC3 4~ 1 per cont cement orl per cent lime
were reported to be satisfactory as wearing courses.
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j i 2 furlongs was completed
In Punjab*, an experimental stretch of
in a }I:eavil;r wz,mterlogged area where thi ]waterpfrc;)qftinr%l itlﬁs;tén:(r)litl:
i i i itu §
consisted of laying about 1.5 in. thick layer o ,
(4 per cent bit11r¥1en) over the compacted subgrade. The l()il'ﬁluﬁgn
to be mixed in the cutback was converted into cut’ba,clg by diluf %
it with 25 per cent of its weight of kerosine and dissolving in 1t
1 per cent hard paraffin wax by weight of mixture,

2.2.8. Study of Subgrade Moisture

The subgrade moisture study started by the Central Rﬁ?o%
Research Institute, details of which were given in the ieporS Lor
1958-59 is being continued in collaboration with some 013 er Dtate
laboratories such as Madras, Andhra Pradesh, West engéa,t :e ‘
Madhya Pradesh. At some of the places situated in tgi;e :r "
observations of subgrade moisture are heing taken rourlx b e 3:; Lo
study the fluctuations of moisture in relation to seasonal changes
changes in water table.

2.2.9. Low Grade Aggregates

A detailed examination of different types of lowbgr:.}(lle Cz%%::i
gates from 148 quarries in Bombay State was madsa y 'edica.ted
Road Research Institute.” As a result of this study it W:fmis 1& atec
that most of these low grade aggregates can be very p{ohta y tsod
in sub-base and base-course layers, most of them straig taw?.lyt and
some after minor modifications. Some others are strong enoug
used even for wearing courses, for light traffic roads.

With the inauguration of a number of S{.',eel .Plants 1;; thxsd:ig;n;i
try, it is expected that blast furnace slag which is a Wasd pr(; duct o
this industry will offer itself as a potential source forroa aggs Ii or:
Some work on the use o(; slag (iin ];)a?lfl .a,ngd al;::;:cﬁo?:::i tzte Vgest
ted last year by Roads an uilding R > t A

F ) 1 Road Research Institute is taking up

?::bgl:lrﬁ vrfllitﬁ (;er;ti!g:” to study the suitability of slag fortuse in base
as well as wearing courses for different types of pavements.

2.2.10. Use of Radio Isotopes for Quality Control of highway Fill
Construction

i tly initiated
tral Road Research Institute has very recently _
a stu'fll;reo(r}xe?hgadetermination of in-situ density of soils using radio
isotopes.

Salient Points for Discussion

1. Use of lime in base stabilization of alluvial soils and
clayey soils,
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2
plains.

3.
4.

o
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Criteria to be adopted for soil cement construction in the

Chemical stabilization of soils.

Stabilized-soil roads including gravel roads for light traffic
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3. BRIDGES AND STRUCTURES

General

Tven though more and more imposing bridge structures designed
for heavy traffic loads and high traffic densities are coming up on
our highways, the load carrying capacity of many of our highways
is limited by the old sub-standard bridges and culverts, which are
not capable of taking the increased heavy traffic loads of to-day.
In order to remove these bottlenecks to the load-carrying capacity
of our highways it is essential either to replace old structures by
appropriately designed new ones, or to strengthen them so as to
make them adequate for present-day needs. A proper appraisal of
the load carrying capacity of the existing structures is a pre-requisite
for rating them for their adequacy. It is gratifying to note that
some interesting work has been done in this direction by the High-
ways Research Station, Madras, by testing to destruction one old
arch bridge.

3.1,  Superstructure
3.1.1. Investigation and Testing of Weak Bridges

With a view to gain data as to the strength and load carrying
;apacity of old bridges, the Highways Research Station, Madras,!
has undertaken to test some of the old bridges which are theoretically
weak, but otherwise show no signs of failure.

The first bridge to be subjected to testing for ultimate load
carrying capacity was the arch bridge across Uppodai at mile
343)7 of National Highway No. 7. Three out of seven spans of
this bridge were tested to failure. It was concluded from this
series of tests that there is considerable slab action in
the arch barrel, that the arch behaves elastically till cracking, and
that thero is a very great reserve of strength between the first crack
and ultimate collapse. It was of particular interest that a mere
transverse crack at the intrados of the arch at the crown did not
constitute a failure. The arch could sustain about 24 times the
load that caused cracks. It was also observed that parapets, pave-
ment fill and spandrel are all contributing to the strength of the
structure in various degrees.

A similar load test is proposed to be carried out on the aban-

doned arch bridge at mile 187/4 of National Highway No. 7 (Madras-
Bangalore Road).
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3.1.2. Modification to Trautwine’s Formula

The Trautwine’s formula for the design of cut stone iy,

W=(Kxhi* < L2, bj12. 412, Wy,

i

where W= Safe extrancous central Joad, W

K=Central hreaking load for a beam of one 84y, i,
cross-section and one foot cloar span, Ibs.

fr=TBreadth of the beam, in.
d=TDepth of the heam, in.
f:== Clear span,

W, =Wtjen, ft of the sbono hoam, ths
F,=Tactor of safety.

Conventionally, the values of K and ¥,, have heen assumerl as
100 and 10 in the past. However, the value of the constant X
actually depends on the struetural and geological properties of the
stone in question.  On the basis of the limited work done so far, i
i reported by the Highway Researeli Station, Madras, that the
value of K can perhaps be taken ag 200,

3.1.3. Use of Prestressed Slabs and Blacks for Strengthening of
Culverts and Small Span Bridges

This aspect of the problem of strengthening old bridges and
culverts is also proposed to he taken up for study by the Highways
Regearch Station, Madras, in view of the fact that presént pr:s:;~
stressed concrefe wnits possess special advantages in-respect of ease

of trassportation and promptness of execution, saving in shuttering
and greater resistance to fatigue, ’

It is proposed to take up work on the fatigue testing of preten-
sioned members, as soon us the fatigue tosting machine designed for

this purpose and proposed to be fabrieated bv the
Warkshops is available, ¥ the Madres P.W.D.

3.1.4. Tests Conducted on Brick Masonry Units

In view of the fact that the stren
on the strength of brick and the mertar used, and on the efficacy of
any additives used for mortars, o series of tests to correlate these
variables, were carried ont by the Highways Research Station.

gth of brick ruasonry depends
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Madras. One of the important findings from these tosts is that the
ultimate strength of brickwork ecan be increased by the addition of
“ Febmix Admix’ admixture at the rate of 5 fluid ounces per cwt. of
mortar, at the same time increasing the workability and plasticity
of the mortar. It was also found that if 50 per cent of cement is
replaced by lime in 1 : 3 cement-sand mortar, there is practically
no loss in the strength of the mortar,

3.2. Foundations
3.2.1. General

Based on detailed site investigations and tests on foundation
soils at bridge sites, West Bengal? and Madras Highways Rgseax:ch
Station!, have been designing the foundations using scientific
methods for finding bearing capacity.

BIBLIOGRAPHY

1. Annual Report of the Highways Research Station, Madras, for
1059-00.

13

Annual Roport of the Roads and Buildings Research Institute,
Wost Bengal, 1959-60.



348 GENERAL REPORT ON

1. TRAFFIC AND TRANSPORTATION

1. GEOMETRICS, KCONOMICS, STATISTICS AND SAFETY
General

With the economic development of the country the importance
of road transportation and hence traffic engineering  is becoming
move and more vital. There is o great necessity to make a syste-
matic study of the existing  traffic  conditions and adopt suitable
engineering methods so as to reduce the traffic diflicultics and
hazards to the minimum possible.

With a view to study the different road traffic problems on a
countrywide basis, the various studies carried out have Leen com-
piled in the present report.

1.1. Geometrics
1.1.1. Design of Road Intersections

_I)u.ring the period under report, both the Highways Research
Station, Madras!, and the Central Road Research Institute? conduct-
ed traffic survey for a large number of interscetions in Madras and
Delhi respectively and suggested suitable designs for free flow of
traffic,

(i) Lodhi Road and Lodhi Estate Road Intersection, New Delhi®

A manually controlled 4-way right-angled intersection with
view obstructed on its arms and having a high volume of cycle traffic
on Lodhi Estate road, with majority of cyeclists not using the cycle
tracks, has been selccted. This study aims to see the effect of
roughening the pavement at the intersection which may control the

speed and deter the cyclists from using the main intersection and
divert them to the cycle track.

The design for the pavement roughening is under trial.

(ii) Effect of Central Control Islands®

The existing design of intersections is generally provided with
a Central Control Island for reducing the speed and guiding the right
turning traffic. Heavy motor vehicles on the interscetion with such

island cannot easily negotiate right turns through tho correct lane
without a number of to and fro movements.

A few such intersections were selected by . R.R.I. in order
to study the effect of such islands under mixed traffic conditions
and to suggest the proper design of such crossings.
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(iii) Traffic Rotaries*

The traffic at the intersections is mostly controlled either by a
traffic-signal or by a rotary. A study to see the comparative
effects of signals and rotary under different traffic conditions has
been taken up, by C.R.R.I. The field survey of about 70 rotaries
has been conducted.  Further work is in progress,

1.2.  Economics

1.2.1. Economics of Highway Transportation involved in the
delays at the road-rail crossings in Delhi

The Central Road Rescarch Institute® has taken up the study
of the cconomics of highway transportation involved in the delays
at some of the grade crossings of Highways and Railways in Delhi.
The effect of delays at the road-rail crossing has been divided under
the following heads :

(i) Tconomic value of the timo lost by each sufferer.

(ii) Extra fuel (gasoline and oil) consumed due to delay at
the road-rail crossing.

(i1i) Extra wear and tear of the tyres, and other parts of
the machinery of the different vehicles due to road-
rail crossing.

1.2.2. Contribution of Road Transport to the Public Exchequer

This enquiry into the financial contribution of road transport to
the Public Exchequer was undertaken by the National Council of

Applied Economics Research,* New Delhi. The objects of the study
are :

To assess the payments made by the industry in the course of
its operations to the Public Exchequer, to assess its payments
coming out of profits, to correlate the net indices of the perfor-
mance of the industry, to examine the question of the capital
formation in the road transport and to consider the financial
eligibility of road transport to increased expenditure under the
Third Plan. The report has been published. The gross contribution
works out at Rs 133.55 crores for 1957-58. This is made up of "
operational payments of a specific character amounting to Rs 24.59
crores and operational payments of & non-specific oharacter amount-
ing to Rs 96.35 crores. Further, there were punitive paymenta

amounting to Rs 1.25 crores. The appropriations from profits
amounted to Rs 11.37 crores.

But the gross contribution has to be compared with the publio
costs of roads and road transport, which are termed here cost offseta.
11
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T.he cost offsets totalled Rs 90.29 crores in 1957-58. Thoe expen-
diture on road building amounted to Rs 52.29 crores e\-:pomliiu’re
on maintenance of roads to Rs 26.66 crores, the (wostz of‘ establish-
ment qf the Engineering Department to Rs  5.85 éro‘re'é 1;}10
expenditure on road transport administration to Bs 1.33 cror;-:; the
cost of traffic control to Rs 0.72 croves, the interest on ea »i‘f;l in
Nationalised Road Transport Undertakings to Rs 1.54 orogbq( d
the cost of tax collections to R« 2 crores. B . e

The net contribution may be put at Rs 95.55 crores for 1957-58
under analytlcgmlly correct method of analysis in which the cost of
road (ii(‘)ns}‘irléc%qn has been excluded from the annual offsets on the
ground, that 1t is capital expenditure rather than an al i :
debitable to the Revenue Accounts, it am annaal upus

1.2.3. Survey of Economic Benefits of Road Construction i
t
Underdeveloped Regions® eton

A comprehensive study has been attem s Tre b
Ministry in December 195y£!»Ja,nuury 1960, It)gegs:)e)gstlt:}ble 1(131::)1:12;1(;“’
benpﬁts of road construction in monetary terms in underdevelo el&
regions. The newly-constructed National Highway running frl())m
Ramnad to Mandapam, a 21-mile stretch, with its'ca,tchment ares
was select.ed fqr the study in the first instance. As a result of thi(u
construction, it was stated that there was stability in pl‘i@\s‘ to ythI(;
same level in the villages around, more cultivation and pr&luction
and activity in building feeder roads. The cost benefit estimat
allowing for the annual cost of maintenance, also show }et 1( esé
more than 100 per cent on the initial capital (’)utlavy. T

1.2.4. Cost of Operation of Motor Vehicles on Diff
of Road Surfaces " Difierent Trpes

In order to study the effect of conditions and type

surfaces on the cost of operation of motor vehicles contﬁgllidogx;(;?g
ments are being conducted by the State Transport Undertakings of
Uttar Pradesh and Bombay for the last 5 years. The Mini‘;t% of
Transport has indicated the results of the data so far received s%'o

that the change of road surface from bad water-bound macadam 'ow
good cement concrete or bituminous surface reduces the fuel c(ost to
the extzent of 25 per cent, and that the wear and tear of tyre and ‘c o
sumpthn of spare parts are also much reduced. In term; of On;
per vehicle ml'le, there is a saving to the extent of 60 to 70 per cexftofn
the consumption of tyre'and spare parts when the road surface is
goqd. The scope of this experiment is being extended to hill

regions also. Transport Undertakings of Assam and Hima.cha)i

Pradesh h alr ; "
hilly roa,d:jve already started these experiments on some of their
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1.2.5. Operating Costs of Nationalised Road Transport Under-
takings in India®

During the year under review, the costs of operation statistics
received from the various Nationalised Transport Undertakings
received upto 31st March, 1958, have heen analysed by the economic
and statistical division of the Ministry of Transport and a Paper
entitled ¢ Operating Cost of Nationalised Road Transport Under-
takings in India >, has been published. The important findings are
that the average cost per seat mile in hilly, city, rural and
composite services was observed to be 4.9, 2.3, 2.6, and 2.7 nP res-
pectively which brings out clearly the difference in the conditions of
operation in different areas. The cost per passenger mile in plains
varies between 2.0 uP and 5.0 nP which, in the hilly region, works
upto 7.0 nP. It is clear that this compares favourably with the
rate charged (for ITT class) per passenger per mile, ie., 2.4 nP for
Broad Gauge and 2.6 nP for Meter Gauge by the Railways in
1957--58.

1.3. Statistics and Safety

1.3.1. Parking Study

Parking study in Connaught Place and Connaught Circus area—
New Dethi *

The parking study in Connaught Place reported last year by
C.R.R.L., has since been completed and the following recommenda-
tions have been made:

(i) Demarcation of parking stalls.

(i) Separate parking lots of different type of vehicles and
for different parking durations and use of parking metres for time
restriction enforcement. The distance of parking spaces from the
destination point proposed in the design is in proportion to the
length of time for which the vehicle is to be parked.

2. TRANSPORTATION

2.1. Employment Potential of Road Transport

This study wundertaken by National Council of Applied
Economics Research 3 is a pioneer attempt at a scientific compilation
of the employment potential provided by the road transport in
India.

The total number of persons who find employment in the road
transport industry in its broad sense is about 24 lakhs. The
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categories of employmient inchaded in the computation refute bo :

{8} the pravision and muintenance of track

(B} vehicular aperations
(c} provision and maintenance of terminal facilitios

(d) provision and maintenance of vehicle and supply of
traetive power, and ’

(e} transport administration and traffic eontrol.

Employment in the provision and matntenance of frack is the
largest single item (R« 976 Jaldi) accounting for 30 per cout, the
provision and maintenauce of volicles and supply of fuel St;ndﬂ
third in order of importance and accounts for Rs 5.16 lakhs w;hich
is 22 por cent of the total employment. Tt is of interest to note th;/xt
the persons efigaged in transport administration and traffie control
are D14 lakhs which is less than } per cent of the a,ggrog:;,m
nunmber. The employment per commercial vehicle wWorks oézt‘: at
12;33 persons.  Fho figure per bus 15 17.02 and the figure por truck
is 11.12. '

2.2. Alt-India Goods Yrafiic Survey

A pilot sample survey of goads traffic on rogds in Delh) s
conduoted by the Trausport Ministry®

were sent to the Btate Governments, Te
other interested Deparbments requesting them to carry out similar
surveys in their aress. Some of the main ﬁndingé of the Delhi
Survey are (1) Motor goods vehicles in Delli handled about 4.5
lakhs maunds of goods per day as againgt  1.25 lakh maun«i;a
by the Railways, {3} motor goods iransport is quite economical and
offers reasonable rates, (3} the motar goods vehicles remain idie for
about 30 per cent of the days in the yeur and (4} there is ample scope

ior*hzgher atilisation, if motor trangport worked on co-operative
agis,

. e - gbg
n 1957 and printed reporty
tritory Administrations and

2.3, Estimation of National {ncome for Road Transport Sector -

At the instance of the Natioua! Tucome Comms ini

of Transport® have startod collecting neeesmzy Tgii?f{iéf? erghmsﬁry
Transpo‘rb Undertakings in different States and Ttrz'rftnri‘eq f}g}’?é‘( pots
z\ft,emptm'g to estimate the contribution of Nationalised LTmn& 3?2
Lndqrtakl\ngs. As an outcome of shig attempt, a Paper enti%(}:iﬁd
‘Nationalised Transport Undertakings and National Income® has
recently been hrought out. It is estimmuted that the Natiopalised
Transport Sector has econtributed about Rs "3

. 26 ¢
erores during the years 185758 and 1058-59 resp;giggg,_and Bs 30

w1

&
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Safient Points
Effect of road roughening on cycle traffie,
Parking lots as a measure for reliel to parking demands.
Eiigct of various fastors on road accidents in Dejhi.
Employment potential of road transport.
Contribution of road teansport $o the Public Exchequer,
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“A STUDY OF SOFT AGGREGATES FROM DIFFERENT
PARTS OF INDIA WITH A VIEW TO THEIR USE
IN ROAD CONSTRUCTION—PART III—BOMBAY”

By

Dr. H. L. UrraL* & BuupiNDER SiNgH*

SYNOPSIS

The study is a continuasion of the work published before in the Journals
f the Indian Roads Congress Vol. XXI—Part 3-April 1957 and Vol. XXII-
Part 2-Decomber 1957, '

The State of Banbay now bifurcated into Maharashtra and Gujerat has a
big future road construction prograinme. With a view to economise in the
308t of road construction, attempt has been made in this Paper to show the
axtent to which inforior aggregates such as kankar, mooramn and laterite can be
used. 148 samples from differont quarries were subjected to road aggregate
bests. These tests show that a large majority of these samples are fit for use
in the sub-base and baso course and a few are even strong cnough to be used
in place of baso coat stono metal.

1. INTRODUGTION

In the next twenty years Road Development Plan® of the States
of Maharashtra and Gujerat, nearly 50,000 miles of roads are to be
constructed. Except for about 20 per cent of this milage consist-
ing of the National and State Highway, the rest consists of major
district roads, other distriet roads and village roads.

The specifications generally followed at present for the roads are
stone soling, stone metal base coat with or without black topping
except for an insignificant length which is built in cement concrete.
Construction of roads with the conventional specifications, involve a
good deal of haulage of hard stone from long distances, which stands
in the way of achieving the targets and is a cause of higher cost.
To enable longer lengths of roads to be constructed within the
allotted sums allocated it is essential to bring down the construction
cost without sacrificing the basic principles of design.

The study of soft aggregates from different parts of India has
been in progress in the Central Road Research Institute for some
time. The studies of soft aggregates in Rajasthan and laterite from
various parts of India have already been published.?:3. The

* Central Road Research Institute, New Delhi.
12
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present study of soft aggregates from Bombay is similar to those
already published,

To find out the engineering quality of the local soft aggregato
deposits, such as wmoorum, laterite, shale, gravel, ote., the P.W.D.
authorities were requested to send samples from various quarrios in
different parts of the State. The location of the quarries from where
the samples have beets collectod is shown in Plate | and the visual
observation of the same is given in Table 1.

From Plate I, it will appear that the quarries are well disbri-
buted throughout the State except for the districts of Aurangabad,
Osmanabad, Parbhani and Nander, These districts are, however, rich
in gravel deposits which is alse a very good road-building material.

From visual inspection it appears that the samples consist of
kankar, moorum, shale and other unditierentiated material of dis-
integrated sedimentary rocks. It further appears that kankar
deposits from the divisions of Gujerat and Ahmedabad can bo
grouped into two classes : (i) nodular, which apparently looks very
hard and (ii) ealcareous which is in the form of lumps, and appears
comparatively less hard.  Moorum deposits oeenr mostly in Auran-
gabad and Poona Divisions ; shale deposits in Rajkot and Bombay
Divisions and undifferentiated disintegrated sedimentary roeks
muostly in Bombay Division,

R4

2 EXISTING TECHNIQUE IN VOGUE FOR UTILIZATION
OF INFERIOR AGGREGATE

Rasearch work has been in progress in various countries on the
use of soft aggregate in roud construction. The specifications of

zome of the techniques which have so far been adopted are described
elow :

(a) Use of aggregates as such: Soft aggregates with negligible
percentuge of fines have beett recommended for use in road gon-
straction, according to AASHO? procedure bused on the aggregate
impact value. The limits fixed ave :

(1) Sub-hase and base course- Aggrogate impact value
ranging hebween 40—60 por cent,

(it} Base coat— Aggregate mpact yahe ranging hetween
40 per cont for medium trallic.

The B. R, L. Harmondsworth, howcever, suggest an aggregato
impact value of 13—17 for the buse cont for heavy traffic,
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(b} Soil gravel specification:® ¥or such quarried materials
where the coarse aggregato is mixed up with fines to the extent of
aboub 50 per cent, soil gravel specification can be advantageously
provided used it satisfied the following conditions:

{i) Grain size distribution conforming to limits laid down
by A.8T M D556—40T & D557—40T.

(i) Aggregate impact value {A.1.V.) is not more than 40
per gent,

(iti) Consistency limits : Plasticity index from 0 to 6 for
the base course and 4 to 9 for the base coat,

{c) Soil stabilization with soft aggregate: In case the
percentage of coarse aggregate in the guarried material is relatively
smaller than the percentage of fine materials then such mixture can
be used according to Mehra’s method® of soil stabilization provided
it can sconomically be brought to conform to the following specifi-
cation by blending or otherwise:

(i} The aggregate soil mixture shall have coarse aggregate
ranging hetween 35~40 per cent, The plasticity index
of the soil mortar shall ba 911 and fraction cosrser
than 200 U.S. Std. sieve in the soil mortar not less
than 33 per cent.

{ii} Aggregate impact value not more than 50 per cent,

{(d) California Bearing Ratio Test method”: For ail such aggre-
gates which are still poorer in strength, and are also mixed with iarge
percentage of fines, their suitability in road pavement under condi- ‘
tions of high water table can be judged by subjecting the compacted
mixture to the California bearing ratio test. The exact place, whether
sub-base, base or base coat which such mixtures ocan ocoupy

will depend upon the intensity of traffic and can be worked out from
the standard curves®,

3. LABORATORY INVESTIGATION

There were in all 148 samples received from various parts of
Bombay State, Maharashtra and Gujerat to determine their suit-

ability for use in road construction, these were subjected to the
following tests :

() Aggregate Impsct Value (A.1V.) (B.S,, 812—1951)
(i) Los Angeles Test (A.ST.M. C 181—51)
{i11) Mechanical Analysis {ASTM. D 422—~38)
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i ‘onsi imi ) ‘ 94 4.2. Useof aggregate after screening : From the data in Table
(iv) Consistency Limits (AST.M. 1) 423—30) (1) 424—39) 2 and graphs in Tog 3t will appear that samples Nos. 56, 65,
(v) B Test (U8, Army Corps of Bugineors) 82, 110,111, 113, 116, 117, 118, 120, 123, 125, 135, 136 and 144 have
)
)

. X .
predominance of coarse material (retained on 10 mesh U.S.

(vi) Soluble Solids (Water Dionic Tester)
(vii) Iusoluble Catrbonates (Schrotter’s Mothod) GRAIN SIZE DISTRIBUTION CURVE
SUBJECY SOFT  AGGRLGATES (lOMBAY STAT[)

The results of aggregate impact test, Loy Angelos Test, consis- S?ZL :E:T‘;' :_s:c: %'(E'%';"'g'g";fg 2%]';.2]‘:”"“.4,- r:}:wr E!klllk pa
tency limits, soluble solids and insoluble carbonates ave given in V.§.STANDARD SIEVE & 2l sls 2 S s < (% | (g% l'li‘,
Table 1. Thoe results of mechanical analysis are shown in Table o I . ] 1
2 and those of C.B.R. in Table 3. 90— Wi /R

e | : e E L

Out of the various tests, the Los Angeles test is considered to gt - EEHTH I S0 2
give the maximum reproductivity in so far as field behaviour of the % g T BRCE AIT1IS PP |
aggregate is concerned.  About 40 samples were tested according to s so | Hrt = =2 P
this method and also by the British aggregate impact value test. E ol ] w z
From the analysis of the data, it was found that there is a definite 2 7 Jj~ '9'
relationship hetween the two and it confirmed previons finding of e ¥ - / " ¥
the work carried out in the C.R.R.I. ®* Since Los Angeles is a time € n ”
c’i?niuminlg ‘?mt., it was given up in favour of Aggregate Impact Value ° "

est, and the remaining samples of aggregates were subjected to 0 100
ALV, test only. ! Beres . g § £ 3 3 3 §§ $3%aeae 8:3% it
COARSE | (5ansE AGGREGATE

The test could not be extended to about 10 samples, as the ‘ = l e l eIl s \ T

coarse material ran short of quantity required for testing. Fig. 1
4. DISCUSSIOM OF LABORATORY DATA GRAIN SIZE DISTRIBUTION CURVE
SUBJECT  SOFT  ACGALGATES (BOMBAY STATE)

P 3N . . @ i~ i ® pjn 4‘2' ”
in Table 2 and graphs in Fig.1 that samples N%E. 4, 55, 80, 84, 1?)99: o| U-S-STANDARD SiEVE IR s8] s AM = <4 M T %
121, 122, 124, 126, 127, 128, 134, 138 and 146 which are mostly from e u Ao 0
Poona and Aurangabad Divisions are almost neat aggregates* with- ” T £
out any appreciable quantity of fine material. Their suitability o % I I L ] b
has, therefore, been judged from the impact value. Tt will appear a7 _ e a5 = z— » g
from the test results that the aggregate impact value varies between z 00 - 110 &
12 to 30 per cent. According to the specifications these materials are - 50 S o £ o *
fit to be used in the base coat. It appears from the mechanical ) ; 7 “ =
analysis that the percentage of fines is almost negligible varying from E % B L ’ 8
0-5 per cent. In the absence of harmful salts it is not necessary to * 20 w o
remove such small concentration in actual practice. The presence of 0 - Fis 9%
harmful salt (sodium sulphate) was checked. The analysis of the — i 00
fine fraction shows that the percentage of sodium sulphate is °8 3 % 5 @ SLSCEEEYS S SYRE PARTCLE SiE !
ingignificant. The insoluble material is mostly calcium carbonate 2 3 3 2 & 385sa3dse s én;s R i ¥ N MM
which is helpful during wet conditions as it creates resistance to the i cLaY st [ eme sano | SRS | connst assncaare
softening effect of water. N Fig. 2

S 1g.

* Retained on 10 mesh U.S. standard sievo.
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standard sicve) and the fine fraction varies from 5-20 per cent with
large majority of samples having only 5-10 per cent. The coarse
fraction when subjected to aggregate impact test, gave a value vary-
ing between 20-37 per cent showing thereby that the coarse fraction
is fit to be used in the base coat after screening the fine material, as
it satisfies the suggested aggregate impact value for medium traffic.
There may, however, be some fine fraction still adhering to the
aggregate even after screening and it will therefore be necessary to
test it for the absence of harmful salt. The chemical analysis of the
fine fraction showed that it is not only free from harmful salt like

sodium sulphate but also contains a small percentage of beneficial
salt, such as calcium carbonate.

4.3. Use of aggregate mixture according to soil gravel specifica-
tion: It will appear from the mechanical analysis of samples Nos.
2,7, 11, 25, 29, 31, 32, 35, 36, 38, 48, 49, 50, 54, 58, 59, 66, 71, 81
83, 102, 108, 112, 114, 129, 130, 131, 132, 137,140, 141, 142 and 145

given in Table 2 and plotted in Fig. 3 that the samples are well
graded.

GRAIN SIZE DISTRIBUTION CURVE
susJECT SOFT AGGREGATES  (BOMBAY STAT()
SAMPLL 2 1.25,29,31.32,35,36, 38,48, 49.50, 54, 58..59,66. 71. 81 . 43, 102 , 108, 112
1M129. 130 131,152, 137, 141, 142, 145, oATE
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Fig. 3

The plasticity index of the soil mortar fraction for most of the
samples varies from 0-12 in such a way that mixtures with higher
percentage of coarse fraction have lower plasticity and vice versa.
The aggregate impact value varies from 21—40 per cent. Taking
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into consideration, the specification required under mechanical s?bfl—
lization it will appear that a large majority of samples fu.ll)(r1 g4 1s;n_zf1
the requirements of particles size distribution, plasticity }nde);h:re_
aggregate impact value either for basc or base 'coa:t, dcm here-
fore according to A.8.T.M. standards fit to be used in roa pa,ve‘ .
ag such. The distribution of these samples cither as a base or
base coat is discussed below in detail.

4.3.1. Out of the abovementioned mixtures, _samples Nos.b 11,
25, 32, 36, 49, 66, 83, 102 and 112 satisfy the requirements for gaie
course anc’l can therefore ho used as such. Samples Nos. 2, 7 , 29, h’
35, 38, 48, 50, 58, 71, 81, 114, 130 & 132 which fully gatisfy tbe
1'e(iuirements of base coat of mechanically stabilized crust can be
used as such.

i ; d
hereas most of the samples mentioned above can be use
as Su‘(}}\{l, either for base or base coat, there are still a fevi' sslailzlpl(:ls(i
such as samples Nos. 54, 59, 108, 129, 131, 137, 140,}4} s h%;,ve
145 which satisfy the gradation for base course mater 13 , S}l have
plasticity index of the finer fraction more than specifie ! meainst
fraction passing 40 mesh varies between 1_0133 pgr cen dastoagbrin
specified, it may not be found' economical to add Safnth ra.ding
down the plasticity index, as this may upset the rest o o eg g
and therefore such samples require to be treated differently.

‘ H 1 .
4.4. Use of aggregate mixture on the basis of Mehra’s m?thz{dlé
Out of the samples found unsuitable by any oneh. (})1 ne
methods described earlier, there are about 86 samplefs r}v }:1)(13 0
their coarse fraction varying from 5—45 per cent (Ri . $li. eof e
will appear from Table 1 that the aggregate 1mgac va l;e of the
coarse fraction of these sainplestva?es frlo;n 2566———410t };fililc‘s: s:en oo
sticity index of the soil mortar from 12—-ob.
ﬁ:lais neit;)}rxer economical to screen thgsle n‘:ategll;lls(xi f{)e; ?);fd gir;e; 1;% &1;22
¢ neat aggregate, nor possible to (
g:&:r?:l as;nd ﬁneggan% to bring them to proper gradas,?og sof a,sazao'
conform to the specification of soil gravel mixtures. 3 11; }175017 ok
in Table 2 will, however, show that samples Nos. 12, 13, t,h’ G sti’cit ,
24, 26, 27, 41, 52, 72, 73, 74, 76, 79, 133 and 143 hgve e pta, Suc{
index between 12—15 and coarse fraction about 35 per ce? eeh
samples can be economically brought to the spemﬁcat;(;n % fobra
Method 10 (stabilization of soil with soft aggrega ) . y ; inagl
about 10—15 per cent fine sand on tbe basml 080 12%r g131
sample. In the same way, samples Nos. 54, 59, DR, 129, 8%
137, 140, 141, 142 and 145 discussed under pam.4.3. an fsa t?‘oﬁ
Nos. 69, 75 and 106 discussed under para 4.4 having th)a,lise rac tlent
of about 40 per cent considered unsultq,lgle on a.ccounth of ¢ 33; ﬁgg -
with high plasticity index can be utilized under td1s éne n crustz
adding, on the average, about 20 per cent of fine sand. Buc
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are suitable for being used for light traffic even without surface
treatment.

The remaining samples which contain small percentage of
coarse fraction and also soil mortar of high plasticity index
cannot economically be brought to conform to the specification of
the method under discussion and therefore shall have to be utilized
according to some other method.

4.5. Use of aggregate mixture on the basis of their soaked
CBR. values: The suitability of different types of material
for road construction under adverse moisture condition can be
judged by the C.B.R. method, which evaluates the relative strength
and consequently the position which such materials can occupy at
various depths of the pavement. All those samples which still
contain coarse aggregate retained on 10 mesh U.S.Std. sieve
varying between 5—30 per cent but were not selected as suitable for
road pavement by either one of the methods described earlier, were
subjected to the C.B.R. test by compacting them to a dry bulk
density of about 90—95 per cent of that of modified AASHO which
can readily be achieved in the field for such mixtures. The results
of the test are given in Tuble 3.

It will appear that the C.B.R. under adverse moisture condition
varies between 3—70 per cent. From C.B.R. design curves for diflerent
classes of road, as evolved by Road Research Laboratory, London,
it will appear that for a medium traffic a total thickness of 18 in. of
the road pavement is required on a poor subgrade. Since the
thickness of about 7 in. of hard erust is normally provided for most
of the roads in India, this will require a material of 15 C.B.R. for
& base under this crust. It will be seen from Table 3 that samples
Nos. 1, 18, 30, 87, 39, 51, 57, 62, 63, 67, 68, 70, 77, 86, 87, 92, 97,
104, 107, 115, 119, 139, 147 and 148 have their C.B.R. varying bet-
ween 15—70 per cent and therefore strong enough to form a base even
under saturated condition. The thickness of hard crust can be

further reduced as C.B.R. of the material increases beyond 135 per
cent,

It will, however, not be economical o use remaining samples
with very low C.B.R., on account of higher thicknesses of hard crust
required, involving further treatment,

4.6. Increasing CB.R. by treatment with lime: It was found
that in spite of the fact that coarse fraction in the remaining
samples varied between 5—30 per cent, the C.B.R. value was very

low. This was due to the plasticity index of the fine fraction being
between 20—>50 per cent.

4.6.1.  Rescarch work in different parts of the world has shown
that silicious materials react very favourably with lime resulting in

~
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a hard mass which resist the softening offect of water. To find out
lt(}xl far the mixtures found unsuitable by either of the methO(ts
described carlier could still be made use of, in road pavement, tt?S ei
were conducted by carrying out C.B.R. test on some of lt'he typ'i‘c}?e
samples from the rejected lot after add1t19n gf 2 per cent 11([11e.99 e
results obtained for samples Nos. 14, 28, 60, 64, 94. an

given below :

| CB.R. value of | o 3 p yolue after treat-

S. No. ' Division | sample without | "= "/ lo o per cent lime

| treatment
{ ——-
|

14 . Ahmedabad 7,00 | 24,53

28  Do. 9.50 \ 81.06

60 | Bombay 9.50 . 72.50

64 Do. 14.00 1 134.40

94 Do. 4.50 g 61.86

99 | Do. 13.00 | 93.87

Tt appears from the above that all thoge samples otherwise
consideréé) not fit for use even as a sub-base improved so mulch in
strength as to be fit for use even in the base coat. For actua co{;
struction in the field, the concentration of lime shall have t? X
increased and will vary depending on the efficiency of mlxull{g P a;na.l
Only a limited number of samples have been taken, to msfmt ) fua,t-
case. In actual practice, the C.B.R. of eagh of the samples a EIi Tea
ment with lime, shall have to be determined to ﬁnfl out its p a,cf u;
road pavement. It also makes out a case for _hme treatment o
those samples which were considered_ fit for use in the '(k))a.se couxl'ls:
only, due to their C.B.R. value being between 15~.——7 per cent,
Such mixtures may require even less than 2 per cent lime.

5. RECOMMENDATIONS

The above study of a sample survey of low grade aggregates
indicates tl?:t almost);ll types of quarried material can be profitably
made use of in road construction by suitable processing. The use
of such material will result in reduction in the cost of roads. Tlfns
isnot a detailed study but it establishes a prima facie case for
proper exploitation of quarried material for road construction.

i i ilabili i t types of
A brief general review of the availability of different ty
soft aggregabges in various divisions of Bombay and tl‘xe -pr%b?ble
place that each can occupy in the road pavement, is given below,
13 ‘ ;
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This could serve as a rough guide to the engineers while fixing speci-
fications of roads in different districts.

Ahmedabad Division

Ahmedabad is generally rich in kankar deposits which are
fairly well distributed. Kankar from the districts of Mehsana,
Himat Nagar, Broach and Panchmahal is comparatively harder than
the kankar available in the districts of Banas Kantha, Kaira, Sabar
Kantha and Baroda. The harder quality can even replace stone

metal for medium traftic and the inferior quality can form a
good base.

Rajkot Division

] .I‘)isintegrated rock deposits are generally met with in this
division. These materials are not very strong and therefore can
form only as a base-course.

Bombay Division

The type of aggregates met in Bombay Division are generally
poor and get disintegrated under water. These can, after compaction
form a suitable bage course.

There ave, however, some doposits in the districts of Thana and

Dangas which appear similar to the disintegrated rock mentioned
above but are comparatively stronger.

Poona Division

Districts of Poona, Ratana
deposits. This material c
compaction.

giri and Sholapur are rich in moorum
an form a good base course after proper

Aurangabad Division

A good qnuality of moorum is available in the districts of East
Khandesh, Amaravati, Nagpur and Bhandara. This can form a good

base course material and at places can even be tried for the basoe
coat in minor roads.
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UrraL & BHUPINDER SingH on SoFT AGGREGATES IN ROAD CONSTRUCTION
R A

TaBLE 1-—(contd.)

PLATE |

T
I

Saturation moisture

. » nu@.’m @8
Sample| 1yioie D. B. Density . C.B.R. at. .1" 7 it
No Division ' b per cu. ft S"““"?t Per cent MEHSANR
Per cent
87 Bombay 117.3 19.60 16.5
92 Do. 118.9 14.80 43.0
94 Do. 1108 28.1 4.5
93 Do, 120.6 33.2 14.0
26 Do, 113.7 19.8 13.5
M
97 Do. 103.7 22.2 15.0 T A
e 'l N //
Do. 108.0 15.0 3.5 Nl iy
98 0 ) XHAND E\f)(u - .T' :" JRE =)
90 Do. 1106 18.8 13.0 N
101 Do. 87.2 41.8 3.8 ”' "7\’ \KHANDES H
108 Do, 83,02 39.04 5.5 i o ~
R o
y A 20, Y AP e
104 Do. 114.03 )1 33.0 e e 3
103 Do. §0.67 17.02 0.0 v;hm AN
Y YT DA o
107 Do. 115,83 15.9 40.5 “‘"“,x;:-“,,fw VY
47 9 HARAPOR
115 Poon 10270 2.0 26.6 AR A B I AN ' O ™. . 2
. A 7 o R A'tDHRA
1190 Do. 99.80 20.00 73.3 s € a Y VA Y ) ‘~ PRADESH
A o WG i
139 Auranga- 105.1 20.4 26.0 -y FE S
had ‘ R
R T
147 Do. 113.4 16.8 57.0 s \ ~ g
148 Do. 119.8 14.3 30.0 \_,<~_A_'}A?““ . '".'.l.,“.\.;. b;a,-m-.p
X/ ’ ) ""{' .-
| m-!;» s [ouany
. ’Tﬁ?ﬁ'-q&nm A
ot G LR D
POSITION OF TOWNS . .
MOORUM . e e e e e
< KAMKER . oo oo ooeemeee

OISTNTEGRATED  TAAP

PLACES FROM WHERE NO SAMPLES
HAVE BEEM RECEIVEO .. ... ___.._.

INPORTANT  ROADS ___
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TRAFFIC SIGNS

1. INTRODUCTION

L1. Traffic signs which have the backing of law in India are
incorporated in the Ninth Schedule of the Indian Motor Vehicles Act,
1939.  Section 75 of the Act (reproduced in Appendix 1) deals with
the erection of traffic signs. The sketches of the signs given in the
Ninth Schedule are not fully dimensioned and show only the overall
dimensiong, colour, width of the border, and the shapes of the
symbols. The late Indian Stores Department had prepared detailed
dimensioned drawings for the guidance of the manufacturers of
traffic signs but thege fully dimensioned drawings do not appear to
have been published so far. These have now been modified to the
metric system and are being published for general information.

1.2. A few paragraphs have been added giving suggestions on
the location of the signs, the colours to be used in terms of I.S.I.
standards, and the materials to be used in the manufacture of signs
and their supports.

2. GLASSIFICATION OF TRAFFIC SIGNS

2.1.  According to the Indian Motor Vehicles Act, traffic signs
are divided into the following three categories :

(A)  Mandatory stgns, which include prohibitory signs,
indicate mandates or prohibitions the compliance
of which is compulsory, and the violation of which
constitutes a statutory offence.

(B) Cautionary signs are used to warn road users of
hazardous conditions either on or adjacent to the road.
A cautionary sign indicates the approach to a place
where caution is required.

(C)  Informatory signs are intended to guide the road user
and to give him such other information as may be of
interest or use to him.

2.2, Alist of the traffic signs included in the Ninth Schedule
to the Act is given below. Detailed dimensioned drawings giving
Particulars of colours, size, and shape of symbols, etc., are given at
pages 402 to 416.
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Tra¥ric Siuns

(A) Mandatory Signs

1.

Speed Limit

Weight Limit

Total Prohibition
Direction Sign

No Parking
Overtaking Prohibited

Use of Sound Signals Prohibited
Dead slow—Main Road Ahead

(B) Cautionary Signs

General Design

Stk w

1.
2.

<

=1

£ x

10,
11.
12

13.

Rough Road

Zig-Zag (Right)

Zig-Zag (Lett)

Cross Roads

Level Crossing (Guarded)
Level Crossing (Unguarded)
Right Turn

Left Turn

School

Dead End

Side Road (Right)

Side Road (Left)

Steep Hill

Ferry

Hair-Pin Bend (Right)
Hair-Pin Bend (Leit)
Narrow Bridge

(C) Informatory Signs

® N~

Lo

Flood Gauge

Road Junction Approach
End of Speed Limit
Parking Sign

20
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3. LOCATION

i 2, ¢ 3 and 7 should be located
.1. Mandatory signs No. 2, 3, 4, 5, 6 an hould be L
in thi limmediate viZinigty of the point where a vehicle is %equ;;?id (‘3
observe the mandate or prohibition mdlc'ated by the sign ,
necessary, at further points where regulation continues.

3.2. Mandatory signs No. 1 and 8 should be located as indi-
cated in para 3.5.

3.3. Cautionary signs should be located as indicated iri\T par7a
3.5. An additional sign in case of Cautionary Signs 'O.thé
““School ”’, and No. 13, * Narrow Bridge ”’, s}lould be put up in
immediate vicinity of the school or narrow bridge.

i ““ ¥lood
3.4. Informatory signs: Informatory Sign No. I,

Gauge ”, should be p)I'&cedg on the upstre.am edgq of Irlshllbrlldgestﬁ:;
causeways at the lowest point and at suitable dlstan'ces a ? ongtion
Trish bridge or causeway, keeping in view the longitudina’ 1;secThe
affected by flood water on either side of the lowest po(llt} .te e
marking on all the flood gauges on a causeway should indica
depth of flow at the lowest point on the causeway.

Informatory Sign No. 2, ‘“ Road Junction Approach ”3, sl‘l‘o}%lrclid l())t;
located according to para 3.5. Informatory Sign Nol.1 ;o onc o
Speed Limit ”, should be placed at the point where the res
ends.

Informatory Sign No. 4, *“ Parking Sign”’, should be placed at
the parking place.

3.5. Unless otherwise indicated in paras 3.1 aéld 3.4, (t’:;'agilg
signs should be fixed at the following distances in advance
hazards warned against :

(1) In non-urban locations : N
In plain and roll- In hilly or mout

ing country tainous country
(i) On National and 120 metres 60 metres
State Highways -
(ii) On Major District 90 metres 50 metres
Roads
(iii) On Other District 60 metres 40 metres
Roads
(iv) On Village Roads 40 metres 30 metres

17
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(2) In urban locations:

In cities warning signs should uwsually  be placed nearer to
the points of hazard than on non-urban roads.

3.6.  Location of the signs with respect to the carriageway

3.6.1. On an unkerbed road, the sign should be crected ab a
distance of 2 to 3 metres from the edge of the carriageway depending
on local circumstances, but in no case should any part of the sign
come in the way of vehicular traffic,

3.6.2. On a kerbed road, the sign post should not be less than
60 ¢cm. away from the edge of the kerh ; nor should any part of the
sign be less than 30 ¢cm. away from the edge of the kerb.

3.6.3. Traffic sign should be fixed on the left side of the road,
at right angles to the pavement and facing appr_oachmg traffic, This
rule, however, does not apply to Informatory Signs No. 1 and 4.

3.6.4. The signs should be so erected that the centre of‘ the
definition plate, or device plate or of the main sign when there is no
definition or device plate, is 140 em. above the crown of _the carriage-
way. However, the lowest edge of the sign should in no case be
less than 75 cm above the crown of the carriageway.

In locations where they will obstruct pedestrians, the signs
should be mounted at a height of not less than 215 cm. to the lowest
edge of the sign,

4. COLOURS

4.1. The signs should be painted in colours as shown on the
drawings Ogiven at pages 402 to 416. The reverse side of all sign
plates, discs, or triangles should he painted an unobtrusive grey.

4.2. The sign posts should he painted in 25 em. bands, alter-

nately black and white in colour. The lowest band (next to the ground)
should be in black.

4.3. Colours should com

given in Indian Standard No.
Paints :

ply with the following 1.8.1. shades
5--1955 on Colours for Ready Mixed

Blue IS.1. No. 166 French Blue
Yellow 1.8.I. No. 309 Canary Yellow
Red IL.S.I. No. 537 Signal Red
Grey  1.8.1. No. 630 French Grey

401
TRAFFIC SIGNS

5. MATERIALS

i de of
1. T tralo s plates, ke b L el ke

en te, or other ria
;g;‘zséigalﬁ?rg%%rmg:;ﬁ? VeVith or without metal sheet lining, or

reinforced concrete.

i i mild
5.2. The posts for traffic signs nga:y C((l)'ns)lStre(':xﬁf :I}lcl(;ogbclgncrete
steel éectionS, galvanized iron pipes (5 cm. 1&.),( AN
(10 cm. x 10 c¢m.) or timber scantlings (10 cm.
When pipes are used they should be anchored to prevent turn-
ing,
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13 (M DIA HOLES FOR
1Cm BOLTS ORWLED

. — BEFORE ENAMELLING.
_l L o
T T Scmmuunmmwmm.
20Cm SPEE D __5_cm \
H ;ll 1 ,j
[T 20Cm HIGHF!GUQE.‘J
b %{
- b
N _][. R yieey ":(i' 4 L-
oo ' E|: | 30cm -
] |'| Il
Vol
e _ .
LIMAT scm
) i e e —
45Cm B N __‘ :i; - j
5Cm i
T R | “RED DISC
23 em
~ 15— 160 CM DIA—r]
25-0Cm| i
+- —
20 ¢m s
—— DEFINITION PLATE.
2:3¢
socm

NoTEs:

1. The Figure 20 is given merely
as an example. The actual figures
will be as prescribed in each case

POST 8CMX8CW™ X ™wm T-IRON
where this sign is used. /

o

> 250m BANDS PAINTEDBLACK
77 B WHITE,

2, Where thao speed limit is, ov is
to be, imposed only on a certain
class or classes of motor vehicle, the
class or classes will be specified on
the ¢ Definition Plato”, Where, in
addition to a general spoed limit
applicable to other motor vehicles,
a special speed limit is, or is to be
imposed on vehicles nf a cortain
class or classes, tho general speed
limit will be specified on tho dise
and the special speed limit together

with the class or classes of vehicle
to which it applies will be specified
on the *“ Definition Plate.”

GROUND LEVE.L

/r

SPEED LIMIT

MANDATORY SIGN
NOT TO SCALE
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No. 2.

23em
A

© cm WIGH LETTERL
IN BLACK.

RED BORODER
CENTRE WHATE

2 23 cm
&0 cm DIA— ™
- 2 3em

em)
LTI‘———-— 50 Cwi_s::a‘

- OEFINVTION PLATE WHITE
AXLEQOVEQE_;“ o
METRIC, TONS\[ =+~

6 ¢m HIGH LETTERS

IN BLACK.
WEIGHT LIMIT
No. 3.
vsem 8cm WGH LETTERS
' - N, BLACK.
’ D
¢3‘cm__§n_ CLOGE he WHITE BAND
wm i ———RED DISC
23cem
em —
r_______ 60 cm DIA — ]

TOTAL PROHIBITION

MANDATORY SIGNS
NOT TO SCALE
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No. 4.

riﬁ—’— 23Cm
$it—

ARROW IN
WHITE.,

- 60 Cm DIA. »

DIRECTION SIGN

MANDATORY SIGN
NOT TO HCALT

“RLD DiSC

TRAFFIC SIGNS 405
No. 5.
e B0Cm DIA. ]
w3
6cm HIGH LETTERS IN *—“Hé——
BLACK K
' | _RED DISC 60cm DIA
PR
T TN t -
T
tiens PARKIN
*‘"_ﬁl NO ' G L/-wun'a BAND.
S50cm
L[4
s "
i

ml-:’»cn

Nowe :—Sign No. 5 as here set forth may be amplifiecd by instructions inseri-
hed upon & definition plate placed below it as in the general arrange-
mont sot forth in Sign No. 1 of vhis part.  Upon the definition plate
may be set forth the times during which parking is prohibited.
1n like mannor, an arrow-head inscribed on tho definition plate will
indicato that parking is prohibited on that part of the street or road
lying to tho side of the sign to which the arrow-head points.

NO PARKING

No. 6. No. 7.
‘ 2-3cm
CENTRE WHITE i
HORK IN
ARROWS H — BLACK
BLACK.
5‘0(_1'\ “;\f 3
Y
érn:wuwr. oral
: ]
2.3¢m \-RED BORDER & BAND 2-3em
«————— 60 Cm DA, ._._.-ah‘ r‘-—-——“ 60 t:“mblA.-—-—-——-H
OVERTAKING PROHIBITED USH: OF SOUND SIGNALS
PROHIBITED

MANDATORY SIGNS
NOT TO SCALE
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No. 8.
._.V"P':-;ZGC"\

#Cm RED BORDAR,

CENTER WHITE,

\J8em mon
LETTERSIN 81 on

3Cm RLD BORDER.

—— DEVICE PAINTED BLACK
—— PLATE wHiTg

. : M AIN S ~—2.¢m ReD BAND

Thewz| = == l

sém ROAD"__,-—Gm\ HIGH LETTRES M RLACY
:gﬁ,- ~= =- (

MAIN ROAD AHEAD

MANDATORY SIGN
NOT TO SCALE

TrRA¥FIC SIGNS 407

CAUTIONARY SIGONS SHALL BYE USED IN CONJUNCTION WITIL A RED TRIAN=
GULAR PLATE, THE CENTRE OF WHICH SHALL BE EITHER HOLLOW OR
PAINTED WHITE, IN THE MANNLER INDICATED IN THE GENERAL DESIGN
REPRODUCED BELOW,

v?{"" cm DIA HOLES FOR 1 em BOLTS
DRILLED BEFORE ENAMELLING.

23 RED TRIANGLE., SOLID 32 14
s - T3 ATHICK M.S. PLATE STOVE
5Cm d om,
~ ‘ NAMELLED,
| Py h
t & (4
)
Bem N\ P 8 ce RED BORDER.
24w, |

! CENTRE WHITE
OR HOLLOW.

1 i
4Jc:|‘r7"§, 23 Cm
3- ~ LS T.
h &S ﬂ‘"—", !
24 ¢cm 18 cm
- 4
T T1 Qr
tz_p , 3 EXPLANATORY DEVICE
PLATE WHITE
A’.‘./":z cm » ‘
35
em 45 q
om ~-ALL DEVICES PAINTED BLACK.
LY ’ 3] | ——RED BORDER.
1.'5 om i 4_:'2 63 y
HIFD

Tacm x Bemad mw T-IROM,

25cm BANDS PAINTED
BLACK & WHITE.

'j GROUND
GEN ERAL DESIGN
CAUTIONARY SIGN

NOT TO SCALE
i8
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No. L No. 2.
ROUGH ROAD LZIG ZAG (ricum)
} L@-—-z-zc;n ‘ m—-uem

=l T

45 em Ahem

35em I
i N
1 -I;Cmum*i LK:;.“‘, PLATE Wirte -

Sem[

l JL 1 I

PAINTLD BLACK

No. 2.
Z1G ZAG (Lerr)

No. 3.
CROSS ROADS

T 3cm ‘F ?_ T om T

T iesem Sem—t- —- —- i

X

l
E% . 23em——r
3 em | , | ZLi xJ | IET”;-— ﬁL

' = SNALLS WY, OF STEN,\_ & :
"———-h—— —_— | \- RLOBORDLA e )
ALL DIVIC““ o . f—— 49cm i

' RLF.D o 1"_/
N b -

|
o

CAUTIONARY SIGNS

NOT TO SCALKE
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No. 4. No. 5.
LEVEL CROSSING 1L.EVEL CROSSING
(GTTARDED) (UNGUARDED)
'-sm DIAMOLLY ":vwv.] _—
i J;T—:-'fcn 1 ::J:::::uw o FT_ .

11 3w
ic ot

20Cm

5
T sonpibd

h LN

&

P ———
l |
ANENEY
LR ]

=i 4 ~+11 e
e e OO AN ' mpy
i Ig ]l T —aaem
aoem s auris 40Cm
No. 6. No. 6.
RIGHT TURN LEFT TURN
1%m

o
|
T s
_J

|

3 8

y.A
3 anr
rLO .OR‘“1 2:3Cm

— QOLW e e

3
P | l
]

)
F—i—

=

CAUTIONARY SIGNS

NOT TO SCALE
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No. 7. No. 8

SCHOOL

DEAD END CROSS ROAD

F_‘Q—Z‘S om
iT| !

1ﬁ;jﬁ'&cm

'SCM

45Cm  4S

_ ¢ DO —
2-3 cm:l‘lrc,z-z on 3 _L JL 44 23em ybelaly om 2
l,‘ —_ .40 cm - . 40w
SN, ™ o
* "RED BORDER; i
No. 9. No. 9
i 0. 9,
SIDE ROAD (rianT) SIDE ROAD (LEFT)
f@ 23cm ‘
23
! 3 cm T P‘@ -
—
Ascm !
~.]_JesCm
: 22.5 -
g n‘_J
SCn
L__l o J J \.l D 9 L
ﬁ\.w e == h — -zgcm
4
RED BORDER. om ‘
CAUTIONARY;SIGNS

NOT TO SCALE

v
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No. 10. No. 11,
STREP HILL FERRY
3Cm 23 em
L LA
K sem sCm
L3

-

&

T
Gia

s A5 45Cm

L,
l._.,..._, ,,,,, 40 :ml.i.ti_lcl ,L / 40 tm 2 em J
RED BORDER— L

No. 12,

No. 12.
HAIR PIN BEND (LeFT)

HAIR PIN BEND (RIGAT)

M 2:3Cm 4 _ Ax 23 U';

ol 3cm 7 3cm

o 3 O ¥
TP T

45Cm 43Cm
. =

1o R i ——é—é—j’”‘"ﬁ L

i L1
23¢m o zom
. 1) e 40 CT
RED BORDER

CAUTIONARY SIGNS
NOT TO SCALE
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Trarric Sraxs ","‘“’{ No. 1.
—’{Scmf‘—-
200]

412

104
Cm

Norr:

The ganges should he placed on the
upstream side of Irvish bridges or
causeways. They should  consist
of enamelled iron plates bholted
to a8 cm X 8em X 8mm T iron,

WHITE They should be 200 e in height
from the dcepest part of the gap,

7{‘ RID RORDER

e

. E tho hottom 30 c¢m should be
l‘lquV‘ES e WHITE, the second 30 e, RED,
PA:};":I‘}:) = the third BLACK and from the

ACK

top of the BLACK, i.e., from 100 ¢cm
abovo zero to the top the gauge
. should be WHITE and have a
RED line 5 centimetres wide
running up tho centre.

A5¢m

/" WHITE rLATE
L

NARROW BRIDGE

THIS SIGN SHOULD BE STARINGLY USED AND ONLY IN
CASES OF REAL DANGER OF THE
ON A BLIND BRIDGE

EACH OTHER,

TWO VEUICLIY MUEETING
TOO NARROW 10R THEM TO PASS

RED —1

160 Cm

WHITE ——

CAUTIONARY SIGN
NOT TQO SCALE

R. L. :—R0OAD LEVEL AT LOWEST POINT

QF IRISH BRIDGE OR CAUSEWAYS
FLOOD GAUGE ETC.

INFORMATORY SIGN
NOT TO SCALE
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No, 2.

$ Jcm

-]
=

Q,
'250!“1- T‘_’ Sj‘;;

-L-'ﬂ*r‘—*T— 15?
NAJAFGARH|,...

BACK-
GIOUND
Y ELLOW

peevamars

LIsrricrs,
BORDMRS
& Anrpows
BLACK

T5¢m

8 ¢M MG

LETTERS
i B
" 12.0¢ iU ]
T m e %—l
1 Tt
MY fb-~7
LOST 8 CM 2 S CM L, 0N MM
T=IRON

ROAD JUNCTION APPROACH

2 et Phis 81 18 1 ) . ‘ i
Nore : }lua sign is intended for uxe at approaches to important road junctions and
should indicate the name of the nearest important towns on ouch of the roads

branching off from the junction and alse the angle of bifureation of the vouds.

The lottering in the ubuve design is illustrative only.

INFORMATORY SIGN

NOT TO SCALE
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No. 3.
1.3 om DIA, HOLES
yor 1 om BOLTS
2:3cm DRILLED BEFORF

ENAMELLING.

A 1"—
Sem 2
G

| Y

BACK-
GROUND
YELLOW

. R, 60 em dia.
BROAD
BLACK
BAND 50¢em
5¢ }

3em -~ f

END OF SPEED LIMIT

NoTE :—This sign may either
(1) he used as & separate sign to be placed on the left of the road, or

(2) be painted on the reverse of the existing speed limit sign,
(Mandatory sign No. 1)

INFORMATORY SIGN
NOT TO SCALE

i/
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No, 4,

1.3 em vra, wonus
FOR 1 em BOLTN

ENAMELLING

~fenf

OE v

£
5 S l
] & :
|
30cm ———my
of

r2'36m
E 4
a2 |
A

60cm — 0

PARKING STGY

INFORMATORY SIGN

XOT TO SCALE

DRILLED  BEFORE

40 em HIGH LETTER
TN WHITE

BLUK BACK-
GROUND 60 ¢
SQUARK
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Appendix 1

Section 75 of the Indian Motor Vehicles Act, 1939.

Section Y5—Power to erect traffic sighs—(1) The (State) Government or
any authority authorized in this behalf by the (State) Government may cause
or permit traffic signs to be placed or erected in any public place for the
purposo of regulating motor vehicle traffic.

{2) Traffic signs erected under sub-section (1) for any purpose for which
provision is made in the Ninth Schedule shall be of the size, coloux" andﬂty'pe
and shall have the meanings seb forth in the Ninth Schedule, but thﬂ‘(btate)
Clovernment or any nuthority empowered in this behalf by the (Smtf}) Goverp-
ment may make or authorize the addition to any sign set forth in the sail
schedule of transcriptions of the words, letters or figures thereon in such seript
as tho (State) Govermment may think fit provided that the transeriptions
shall be of similar size and colour to the words, letters or figures set forth in
the Ninth Schedule.

(3) Except as provided by subegection (1) notraffic sign shall, after the
commencement. of this Act he placed or erected on_or near any road ; but all
teaftie sigus erceted prior to the commenceinent of this Act by any competent
authority shall, for the purpose of this Act, be deemed to Lo traffic signs
crected under the provisions of sub=section (1).

(4) A (State) Government may, by naotification in the Official Gazetie.
cmpower any District Magisirate or Superintendent of Police {or, in rh(;.
Presidency-towns, the Chief Presidency Magistrate or the Commissioner of
Police) to remove or vause to be removed any sign or advertisement which is so
placed in his opinion as to obscure any traffic sign from view or any sign or
advertisemont which is in his opinion so similar in appearance to a traffic sign
as to be misleading.

(6) No person shall wilfully remove, alter, deface, or in any way tamper
with, any traffic signs placed or erected under this section. .

(6) If any person accidentally causes such damage to a traffic sign as
renders it useless for the purpose for which it is placed or erected under this
section, he shall report the circumstanees of the oceurrence to a police officer
or at a police station as soon as possible, and in any caso within twenty-four
hours of the occurrence.

(7} Yor the purpose of hringing the signs set forth ix.x the Ninth Schedule,
in conformity with any International Convention relative to motor traffic to
which the Central (overnment is for the time being a party, tho Central
Government may, by notification in the official Gazette, make any qddltxon
or alteration to any such sign and on the issue of any such notification, the
Ninth Schedule shall be deemed to be amended accordingly.



The Road
to a Better Tomorrow

All alone...before him a hazardous road
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, pioneered by Burmah-
Shell, has considerably Towered 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.

This road—one of Calcutia’s
busiest—was surfaced in

the early 1940°s with 2" of
Hot Asphaltic Concrete
made from Mexphalte 30740
supplied by Burmah-Shell.
Designed to withstand heavy
traffic, it is still giving
excellent service.

BURMAN-SHELL BITUMEN FOR BETTER ROADS
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carry in 5 trips what others
would need 7 to clear”

says The Engineering Construction Corporation Private Limited, Madras

il o

29001 - it an

s
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upto 500 tons of blue metal a day. All this has to
be moved from our Quarries at Pallavaram to the
Madras Harbour 15 miles away. Since a lorry can
make only a limited number of trips a day, the
larger the load it can carry, the more economical
1t will be for us. That is why we are happy to
have Ashok Leyland Comets in our fleet. They
carry in S trips what others would need 7 to clear.
We save on fuel, maintenance and overheads too.
Breakdowns? No...None so far!”

*
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Testimonials like this show why
LEYLANDS are the most waaied
vehicles in over S0 countries in the
world Every vehicle is built 1o exact-
ing standards  of precisiop  and
crafismanship

The Forward-Controllea Leyiand
Comet Chassis 1s designed specially .,
to combine large body space with"
easy handling The quick starting,
long life Leyland Dieset engine.
with its high wrque outpm. com-
bines pulling power with remarkably
low fuel consumption The Ashok
Leyland Comet is the only 7% ton
pavload chassis made in India.

ASH 0 K LE Y I. A N D CO M E T = precision built to give lasting service

ASHOK LEYLAND LIMITED, Ennore, Madras

« GARLICK’S MIX?”
HAND OPERATED CONCRETE MIXER
Drum Capacity — 1.5 cu. ft

HAND OPERATED

GARLICK’S
BITUMEN DRUM
MIXER

Drum Capacity — 7.5 cu. ft.

Main Shaft - o0 D2\ 20r 4 Nos. C.. Wheels
Turning Circle — 7 ft in radius CL Grate
Complete with Fire tray and C.l. Gra
Contact: Branches:
arlicksGo. COIMBATORE
" PRIVATE LTO, MADRAS
Iacos ciRCAt, BONBAY 1 NEW DELHI




Trg Batteries

in your Industrial Trucks

ROAD ROLLER

ONE HUNDRED AND ONE
ROAD ROLLERS—

Crane Truck

All-round saving on battery c¢.>sts
Compared to ordinary batteries for

industrial trucks. STANDA_RD TPg
BUILT STRONGER TO LAST Traction Batteries offer a higher
LONGER capacity -to-weight ratio, an . \
increased service life up to 100 A}, ooy powered ingustrial ruck
A e longer. and a saving of up to 10%
A AGRIND FABR'CAT'ONS LTD in l?auery costs. .
Factory : P2/2, Taratolia Road, Calcutta-24 Write today for full details!

Distributed by

&) — India’s best Batteries
UNITED PROVINCES GOMMERGIAL , Standard

CORPORATION PRIVATE LTD STANDARD BATTERIES LIMITED, Bombay 55

JWT-ST8 43 (8)
6. Ganesh Chandra Avenue, Calcutta-13

BRANCHES AT—BOMBAY, DELH;, GAUHATI, LUCKNOW,
MADRAS, PATIALA. PATNA,

PPS[AF-2/60

-
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no trouble at all...

&9

BITUMEN
EMULSION

...in one easy
application

Bitumen emultstons are effl-
clent and economical for
surface  dressing, premix
work and soil stabilization,
They require no heating.
Hence — no fire hazard ... no
annoying 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.
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SHALIMAR TAR PRODUCTS (1935) LIMITED

CALCUTTA + DELH * BOMBAY « LUCKNOW o CHANDIGARN
Agents: The Bombay Co. Private Ltd., Madras | ¢ R.C. Abrol & Co. (Private) Led., New Delhi 1

STE D

BRAITHWAITE & CO.,

(INDIA) LIMITED
HIDE ROAD, KIDDERPORE, CALCUTTA.

iPSaT-563
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Multiply your

RUpEE VALUE
buying

DUMPERS

* Approved by the CWPC and already working on
Plan Prajects

Same price lor standard or Quarry body

* Nororeign exchange involved  Pavment in Rupees

Import Licenves for Actual Users nsued

* Rugged construction Suntable for all construc-
tion woby  Negotates grades and turns easily
Insantaneous Gravity Tipping

Product of 2
* Fuel cconomy and profitable performance. HIGH- MOGURT Hungarian Trading Co for Motur Vahich
POWER FOUR-CYLINDER 60 BHP DIESEL- Budapest - Hungary
ENGINE CAPACITY 5'a CU YDS. (4 CU FOr your requirements: comtact :
METRES' MAX PAYLOAD ¢ TONS HY- Sale Distributors for -
DRAULIC FOUR WHEEL BRAKES INDIA, SIKKIM, BHUTAN & NEPAL

WILLCOX BUCKWELL

32, NAJAFGARH ROAD, NEW DELH{
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PURNA BRIDGE

PRESTRESSED CONCRETE ROAD BRIDGE
AT NAVASARI

FFTRY AT
VYR8

S

Prestressed Concrete Bridge with 8 spans of 116'-0" centres
of piers and a total decking length of 924"-0".

This is a prestressed concrete road bridge, being one of the

many similar ones designed and constructed by us.

GAMMON INDIA PRIVATE LTD.

CIVIL ENGINEERS & CONTRACTORS
HAMILTON HOUSE - BALLARD ESTATE - BOMBAY 1.
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The Star thet
fouls a Fortune

Logging the highest payload...

. the end of the year,
NEN A Tara-Mercedes-Benz owner tallies up his fog boo'k :t\ade a higher payload
€ is agreeably surprised—more miles covered, more trips '
all of which mean better returns for him. ner discovers he has
another side to chis log as well: the Tata.Mercede§~Ban7 O:Vtime off the road...
Shent fess on fue), less on oil and fess on upkeep and repairs... o the log book clearly
which again Spells a higher return on his investment. Either war,
shOWS-~~Tata-I"tercedes-fienz always comes out on 1op.

carried;
There‘s

TATA-MERCEDES-BENZ

LTD.
TATA ENGINEERING & LOCOMOTIVE CO.
Automobite g}vision: 148, Mahatma Gandhi Road, Bombay t
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CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.
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THE SMOOTH GARPET TOUGH

with STANVAG ASPHALT!

Mabt in India, at Trombay, Stanvac Asphalt is being used

more and more for surfacing India’s roads.

This asphalt is transported from Stanvac's Plant in drums

and in bulk. In bulk, it is by far the more modern and economical
method, providing the product at ready-to-use temperature.

Special mixes—special service

Stanvac’s modern laboratory in Bombay is fully equipped

to design special paving mixes, for better performance, and to
suit your own individual requirements. And Stanvac’s expert,
highly-qualified engincers are there to help you with your
road construction problems — free of charge!

This stretch of Netaji Subhas Road (Marine Drive) Bombay, was surfaced
with 3” sheet asphalt in 1936, and renewed with 3/47 chipping carpet in 1958

PAVE AND SAVE with
STANVAC ASPHALT

STANDARD-VACUUM OIL COMPANY (Incorporaced in the U.S.A. with Limited Liability)

JWT-Y. 695 (a)
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Preumatic tyre
position. S
idler crawlers under hop

hydrautically raive for trave

Preumatic-cyred 5880
{shown); model SA-80
hay crambers 1t high,

TWO NEW
heavy-duty...high-capacity...high-speed FINISHERS

CRAWLERS or PNEUMATICS

Model $8-60 Model SA.60

Designed throughout for heavy-duty, high-capacity, low maintenance
operation. these two new Barber-Greenes offer the uftimate n
high-tonnage production. They reduce nonproductive time, lay
more miles per day at less cost per ton

New dasign concepts give unequalied speed and manocuvrabihity .. .
100", power steering (no clutches- no steering axle) ... faster
truck contact, discharge and release . .. feeder and screw speeds
independent of trave! speed ... new automatic feed control ...
arvculated, stabilized suspension ... new unitized-construction . .

improved automatic levelling ... hydraulically operated, high-speed
tamper

FOUR DIFFERENT FINISHERS. Only Barber-Grecne offers a fine of four
finishers : the ncw 873, which paves on crawlers and travels on
rubber ; the new heavy-duty SA-60 and SB-60, shown above; and
the famous 879-8 unmatched for all types and sizes of jobs,

Self-cleaning, hydraulically operated
hopper extends to extreme rear

of chassis where gates are located.

see your §: L - EL LT T

distributor

sk hcks aboutit-
William Jacks & Co.Ltd.

JIncorporated in England.  Liability of Members Linited)
CALCUTTA  BOMBAY  MADRAS NEW DELHS

“ote Ageits far

Barber-Greene Overseas. lac. Aurora, llhnons, J. S. A. Barber-Greene Olding & Co. Hatfield, Hurts. England
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