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SYNOPSIS

The Paper deals with the various aspects of providing an asphalt carpet
commencing from the stage of scientific design to actual execution of the
work on the Delhi-Mathura Road, National Highway No. 2. The Consulting
Engineer (Road Development), at the instance of the Director, C.R.R.L
agreed, as the financing authority, to the project being treated on & proper
soientific level, not only in design but also in execution.

Based on CBR test, the thickness of the road structure to earry the
estimated intensity of traffic was arrived at. Then a survey of local quarries
and crushers was made, Based on an analysis of the materials available and
keoping sn eye on cost, a design for the asphalt mixture was worked out
after conducting a series of tests in the laboratory.

The continucus mixing plant which was used for the construction was
also calibrated so as to give the required mixture, and the variopgnhases in
the plant control and operation are discussed. The cg van
mechanical paver and finisher. Tests on the mixt ’
laying were carried out periodically.

The importance of scientific design, the role of -
the details of mechanised construction and the
with in the Paper.

4 Central P.W.D,, New Delhi.
1
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1. INTRODUCTION

1.1. In order to cater to the cver-
heavy traffic on the ‘Dethi-M
reconstruct it as well as the b

increasing demands of
athura Road, it was proposed to

_ y-passes in the Delhi State, to
with, so as to have a dual carriageway of 22 ft width’ runsrf?xf;

pzxra..llel to the 22 ft wide old road which forms onc .of the two
carriageways. Itis obvious that whenever a highway reconstruc-
tion is envisaged, two of the important things which have to be
decu%ed are : the overall thickness of the pavement structure
required to meet the traffic requirements, and the constituti
of the various layers of the pavement. on

1.2. On a traffic survey on the old road, it wa
. . } 8 i
Table 1, that the intensity of traffic was of the ordoroolzs‘zr)?)((i)
tons perday and, s such, it can be classified as heavy particulz’x,rl
because the traflic is increasing. With a view to seo as t'g

TapLy 1

Traffic intensity on the Delhi-Mathura Road for 24 hours

Motor traffic weighing over 3 tons

= 3360 tons

Motor traffic weighing less than 3 tons = 1004 tons
Animal drawn vehicles, wooden tyred = 48 tong
Animal drawn vehicles, iron tyred = 98 tonsg
Animal drawn vehicles, rubber tyred = 192 tong
4700 tons.

whether the existing road would requj iti .
or not, to meet the gdema,nds of t:h::1 lliler;va)'rdgrl;;’gg&;s:;e_ngth?n‘mg
tests were conducted on the road bed. Baged on the réeé;Ro field
it was noted that the overall thickness of the orust requil data
thg given tyafﬁc _intensity should be 15 in. comprisi quired for
9 in. of soling with 6 inches of water-bound macada.mng at least
compacted na.t_ural subgrade. The oXisting road had :‘;?11: “l'(Wt:ll
of 11 to 12 in. and the second carriageway had . 1Ickness
constructed to the same thickness, ooy had also been

Henc ;
~ an additional layer of water-bound ma,s:&z,;lt ﬁw:bz“uiggsg';q tl_m.g
-3% in. o

compacted thickness should be Superimposed over them
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1.3. In order to have a smooth riding surface, it was also
proposed to adopt a bituminous carpet of 1-1} in. with a minimum
thickness of 1 in. to be laid over the water-bound macadam.
Since a dense carpet would mean a heavy expenditure, a directive
was given to design a mixture which would not be open graded
but as dense as possible, using the locally available aggregate
and keeping in view the limitations of the construction plant

proposed to be employed and other operational problems to be
confronted. :

1.4. This Paper is an outcome of the joint efforts of the
Central Road Research Institute and the Delhi State P.W.D.,
towards a scientific handling of a bituminous carpet work
and serves as a typical example of the teamwork between
a research organisation and an executive department, resulting
in better work and greater economy. An analysis of the quanti-
ties required and the cost structure are given in Appendices
I and II.

2. COMPARISON OF BITUMINOUS MIXTURES

2.1. The usual and the most common carpeting practice in
this country is to lay an open-graded premix carpet consisting of
about 10 cu. ft. of } in. stone per 100 sq. ft. of surface, mixed
with hot bitumen at 3} Ib per cu. ft. of stone, and to compact
the mixture to a thickness of about 1 in. To waterproof this, a
seal coat is given consisting of about 3 cu. ft of } in. grit mixed
with 20 1b of bitumen per 100 sq. ft. of surface. The structure
is usunally quite open and there is a high percentage of voids in
the mixture. To reduce the voidage and to give additional
strength, in certain specifications a ¢ crete”’ type of mixture con-
sisting of about 8 cu. ft. of § in.-} in. stone and 4 cu. ft. of coarse
sand mixed with hot bitumen at 4 lb per cu. ft. of stone and 8
Ib per cu. ft. of sand is laid per every 100 sq. ft. and compacted
to give a thickness of aboutl in. It is obvious that neither
of the two can give a strong and voidless mat. For, where-
as in the open graded carpet there aro no smaller sized
chips to give sufficient interlock and to reduce the voids, in the
latter case, there is no definite and clear gradation specified
either for the stone chippings or for the coarse sand. The term
“ coarse sand’’ itself is vague and a wide variety of sands is
likely to be employed and it is most unlikely that every time the
final mixture would yield a strong and sealed mat. It is but
necessary, therefore, that the materials should be so proportioned
that sufficient interlocking of the aggregates is obtained. This
proportion should take into consideration the quantity, different

sizes of sbone chippings as well as the particle size gradation of the
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sand used together with the opti ;
I ptimum quantit i
employed, for which a detailed ]&bog&toryl %et;fi binder to be
worked out. : gn should be

. 2.2, Table 2 gives a compari

. 8 1 parison of the properti

t:)lree different types of mixtures, namely : (a) (}ljesi};nr:(;ersn?;t oy

(F) stone-sand ¢ crete’ _type of mixture, (¢) open graded remu?e’
rom the point of view of voids it can be seen that, applroyl):x.‘

TaBLE 2

Comparison of the properties of the mixture

|
i

|
i . . :
No. Propertios | Designed mixture | Stone-sand Open gradoed
’ {Appendix TT) | crote premix
Appendix IV ix
] ' (App ) | (Appendix IT1)
1. Percentage of 2 7
voids 8 4 206 2
2. Stability (Mare 1286 3
ahall 9.65 (samplo fails
mmmediately
Lo . after moulding)
14
4. Abrasion ,
n per cong 0.48 0.54

proportioning of the materials can vield a i
2;;(;;1(;;%&?18 7 per cent whereas the Zrete 1‘.941;slgz£.1 tvlt?i?ig.weltl; &E low
cont and e open graded contains air voids as high as %5 S ber
gain, the strength values indicate that a designed mi P Lont.
Z;;y}l)ngh mher.ent stability as compared to the othgl:;ure has 2
s Znaépgrectlated' that, by proper proportioning of th(:}' So it
$ y adopting scientific design proced oere
stable carpet can be obtained. ecures, a strong and

2.3. Table 3 gives the unev
integrator, of various types of biiﬁ::iss, 1o oariasovith & bum

Table it is very clearly seen that nous surfaces. TFrom th,
. e at the uneve . vue
carpet when laid with a mechanical paver i:n:}?Z fgsvf.hf designed
{)}?res as favourably as a cement concrete slab It § 8t and com-

at such a surface would : is but obvious

rovid i ‘1
and onable & free and smogth é o:v a,o?lbg:; f%zgree of riding comfort

2.4. One may say that such i
ad i ;
extremel}y costly. In Appendices II, I?[sllililec? II‘l}u;f;gre{ il be
cosp analysis for the three types of mixtures, namely (5%‘;93? ths
’ gne
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TABLE 3

Bump integrator data for unevenness for
different surfaces

Name of surface ‘ Index Remarks
1. Water-hound macadam fre- 220
shly constructed
9, Suarface dressing single cont ~ 262 1 to 6—surfaces on the same
4
stretch of the road.
3. Rurface dressing 2 coad 258
4. Promix open graded 250

5. Bitwminous grouted maeadam 324

6. Designed carpet 107
7. Tremix with scal coat 160
8. Coement concreto 119

dense mixture (b) the open graded carpet with a seal coat, and
(c) the crete type of mixture. The cost for 1 in. thick carpet
for 100 sq. ft. of surface for all the mixtures when laid with
mechanical plant is Rs 24 only. Furthermore, the maintenance
cost for the designed carpet will be very much less, since a sepa-
rate seal coat, if at all necessary, can be deferred to a much
later date than in the case of an open-graded carpet.

9.5 Therefore, considering the strength and stability of the
proportioned mixture, taking into account the riding comfort of
the finished carpet and, above all, from the point of view of ulti-
mate economy in the cost, one cannot over stress the vital role that
a design laboratory can play and the paramount importance of
scientific procodures of design and construction.

3. DESIGN OF THE BITUMINOUS CONCRETE MIX

3.1. Normally, & graded mix should be designed in such a
way that the percentage of voids in the compacted mix is limited
to 5 to 10 per cent and also such that it has adequate stability.
To achieve this, the aggregates used for the mix should be graded
50 as t0 conform to some standard specification or other, vide
Tables 4 and 9, ‘
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TABLE 4

Criteria for satisfactory design of a bituminous
paving mixture

)
Marshalls i

: Hveom’s Asphalg
?
Propertics Meothod Mothod Instituto
Stability Min. 500 11 for 30 4+ for light -
. medium !
i
Min. 1000 b for | 35 - for heavy -
heavy
Flow or cohesiometer | Max, 20 150 4 -
i i |
Porcentage voids in i 35 Min, 4 i 5.10
total mix , i ‘
Percentage voids filled T5-83 } Ny
with bitumen |
j
TasLe 5

Physical properties of the quartzite aggregate

Crushing value (B.S.) 23.68 per cont
Los Angeles Abrasion loss 25.80 per cent
Impact value 26.40 per cent

Specific gravity 2.66

Absorption (water)

$i0,

0.20 per cent

97.00 per cont

In this connection, one may be justified in
whether it is always necessary to ado
of the western countries. No doubt it is true that in order to
obtain as maximum a density as possible for the mineral aggre-
gate combination, the gradation should be chosen so as togb
near the Fuller’s curve and so as to fall within the limits set fortg
by foreign organisations such as the Asphalt Institute, Byt then
it is equally possible to have a gradation slightly outside the
limits, and to obtain a mixture which o

. . would satisty the st
and stability requirements. Again, it is not alwivs nec’;’i’;ﬁ;;

questioning as to
Pt completely the practices

TABLE 6

i ;0 crushers
Sieve analysis of the } in,, § in. and crusher run materials collected from two ¢

and storage bin of mixing plant
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No. 40

27.8

0.7

28.7

0.9

26.4

08

28.3

0.3

No, 80

11.9

0.3

11.8

0.4

11.3

0.4

12.6

No. 200

7.4

0.2

[}

0.2

9.1

0.4

78

0.1

~ Passing No. 200
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TaBLe 7

Specific gravity and unit weight for aggregate
materials and the mixture (dry)

Specilic Unit weight b per cu. ft.

Materiul gravity — e
(appuront) looso compacted
1/2 in. - 82.7 93.5
3/8 in. - 89.4 102.5
Crusher run -~ S7.5 103.1
Mixture 2: 3: 2 (by vol.)

3. 378 ing s O dust {dry) - 105.5 118.8
25:43: 30 by weight («try) — 102,58 118.0
Coarse agprogatos 3/4 in=

No. 10 sieve 2,657 — —
Fine aggrogates No. 1u- - -

No. 200 sievo 2.656
Filler puassing No, 200 sieve 2.698

to have such alow air void as 5per cent. A slightly hi i i
in the? mixture may be an advantage in thebsenze t%};? ?}izr‘(;mi(:
_ room in the carpet to get compacted further without distortion
as a result of traffic. In such a carpet, bleeding as a result of
complete reduction of the voids due to subsequent traffic will not
pose the problem of shoving and slipperiness at a later date
W-lth this in the background it was attempted to get as dense a..
Inix as possible possessing adequate strength and using the
locally available aggregates to the best economic advantage.

3.2, The aggregate available is essenti zi

its physical properties are as given in Ti%?e!ly; g;ﬁ;tzlzzriig
from where the aggregates would be obtained wore then il(IIS pected
and it was found that the crushing plants usually give threIo sizes
of mz}tenals,‘namely, Yin., 3/8 in. and crusher run grit. Since t‘he
maXimum size of the aggregates used should not be more thar

half nor less than one third of the compacted thickness of t,hl
carpet® and in as much as the minimum thickness of the ca :
was fixed at 1-1} in,, it was decided that the maximum s'zrpef
the aggregate used should pass 2 in. with a slight t;olera.nl ’ fo

the over sizes. Kurther, since the crusher run grit was t(:gt ?;

Brrumrzovs CARPET 483

TABLE 8
Test properties of the mixture 25:45: 30 by weight
(} in.: 3/8 in.: c. run) Bitumen 80/100 per cent
by weight of total aggregates

6.0 k Remarks

Lab,.mix: Using

|
Bitumen ’ 4.5 \ 5.0 \ b
‘ average gradation

Marshall  stability |
938 1b (50 blows!

|
> acti 938 | I130 | 1286 \ 1006 |of }in,, 3/8 in, and
compaction) } ‘ ’ | [ cr. dust as in Table
Flow value 1/100 in. | 18 10 13 | 18 |3 for the mixture
!
0.8 7.4 6.1

Por cent voids 11.4

139.0 | 142.8 | 142.7

|
t
|
Unit weight 1b per \
cu. ft. (compacted) 137.4 ‘\

»

e —
Hveem stability per \ ‘
cent (compaction, | ‘

\
|
|
double plunger,

i

|
1
|
\
!
[

\
o
325 | 345 | 36.0& 34.0

10 ]

3000 psi)

Per cent voids 11.7 9 9.4 8.2
Unit weight 1b per |

cu. ft. co%npacted | 136.9 \ 137.3 | 1386 | 1395

very great demand for construction purposes it could be obtained
at a reasonably low price and is very much cheaper than the
local sand, Gradation analysis of the three aggregates obtained
from two quarries and the storage bin at the plant was done in
the laboratory and is given in Table 6.

3.3. Although it may be possible to design a dense mix
using these three materials, one has to consider the limitations
that are enforced by the mixing plant. The mixing plant is
essentially a continuous mix plant having a capacity of 40
tons per hour, Fig. 1 and Photos 1 and 2. The coarse and fine
aggregates are stock piled at the site (Nos. 20 and 19 in Fig. 1) so
as to have a continuous supply of the materials. The aggregates
(Nos. 1 and 2) are stacked behind a bulkhead which has two
openings to feed the coarse (No. 3) and fine aggregates (No. 4).
The materials are taken up by a bucket elevator (No. 5) to the
drier unit (No. 6). From the drier, the hot aggregates whose
temperature can be recorded (No. 8) and also adjusted by

2
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TapLe 0

Gradation of designed mixes and limits

O AU L e maet | § - a2

\‘ A | Field mix ‘g’g.ﬁ 8w
' ‘ }‘,”1"},\{"_" | 2:3:2 by vol %'&E& 53
: 25 ¢+ 45 1 30 or 32&:2'_'
siove | ;2T A4 Dy weight [T 2 STER
sizo i (Cateatated from average gpradations of § in,, ‘%:E E 7 o‘::s;
or No, | 35 in. and erusher dust) Ao =
[ , | s I
I Per aont Ier ceut “ Percont | Per cont Por cent
Poby w0 hy vt by wt. | by wt. by wt.
retained Pasiingg [ retained ‘ passing ; passing
R 0.9 9.7 0.3 99,7 o0
1in. 17.0 8§27 v 183 81.4 80-100
B it - - - - 70-90
N, o2 48,5 313 17.1 50-70
g - —_ - - 35-50
oo v 145 REXT bl 33.0 —
¥ " - - -
- 18-29
1 1o 4.6 15.8 14.2 -
. S6 86 6.1y 8.4 5.8 -
.. 1o — - bt
; - 8-16
L, Ul 3.7 23 5.6 2 4-10

adjusting the flame, pass to a hot bin No. 9 i
the quantity of hot aggregates fod can (be coxsz'(l;(l)l?d wll)l;rea &gg‘.g
opening (No. 10). The aggregates ascond by a hot elevitor
(No. 11).  Bitumen is supplied from four boilers (No, 18) througl
a pipe line (No. 17) and by means of a volumetric pum » (No lg(i1
which is gearcd on to the pug mill (No. 12) in such a wa.I that )
predetermined quantity of bitumen can be sprayed on tg, th a‘h :
aggregates in the twin shaft pug mill, which is kent hot b ?‘, "
,gzlj,ckcu]ng, stcam\bcing obtained from a boiler (NI:) 14) a)x;ds ::1111;
through a pipe (No. 15). The finished mivt ] i
tipper lorries through :')L jaw opening gl{gl\lt;;m ?I?ebe l(.)?(‘led ke
is has four shortcomings, namely : T machine as it

.
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LAY OUT  OF THE  MIXING PLANT

NOT TO scalE

0
!

9
3
Lt € G & N D

! COARSE  AGGREGATE  STACK n HOT ELEVATOR
2 FINE  AGGREGATE  STACK 2 PUG MILL  (STEAM  JACKETEDY,
3 COARSE AGGREGATE CMUTE (ADJUSTABLE) 13 MIXTURE  EXIT  CHUTE
4 FINE  AGGREGATE CHUTE (ADJUSTABLE) 14 STEAM ROAD ROLLER
S BUCKET ELEVATOR FOR TOTAL AGGREGATE (5 STEAM  LINE
[ DRIER WITH FLAME AND  SLOWER 16 BITUMEN PUMP (STEAM JACKETED)
7 REVOLUTION  COUNTER 7 BITUMEN PIPE  LINE

RECORDER FOR AGGREGATE 18 BITUMEN  BOILERS
: ;(E; PER(;LURE 19 FINE  AGGREGATE STOCK  PILES
0 HOT  BIN  APRON GATE 20 COARSE AGGREGATE  STOCK PILES

Fig, 1

(a) there are only two openings through which the cold
aggregates could be fed;

(b) there is no gradation control unit;
(e) there is no separate fines feeder unit; and

f the fines in the aggregates in the drier get
@ i)(l):)nv:nooﬁ with the smoke on account of the strong

draft.

i imitations of the

3.4. Because of tho above mentioned limitat )
mix?nz plant, a very rigorous design for the gradation control is
pot possible so a8 to bo practicable. Therefore, the final design
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chosen should take jnto account the following considerations:

(8) Extra fines passing 200 megh gjev
not only from the point of view of cost but also from
the point of view of plant limitations, and hence as
much of fines as arc available in the crusher rup

should be conserved by wminimising the counter-
weights in the exhaust blower of the drier.

(b) In as much as there are only two openings for foed-
ing of the cold aggregates, the various sizes cannot

be fed on separately and accurately so as to conform
to the accepted specifications,

(¢) In as much as there 13 no gradation control unit or
weigh batching outfit, controls will have $o be done

on a volumetric instead of weight basis and regular
periodical checks will have to be made.

3.5.  Although the limitations of plant and cost may act as
»yet from the laboratory point of vie

e cannot be added,

aggregates so as to yield us denso a mixture as possible. Based
on & series of trials in the laboratory, a proportion of 25: 45- g9 by
weight for the Fin, 3/8in., and crushor run wag arrived at and
gradation given in Table 3. The specific gravity, as well as the
loose and compacted bulk densitiog of the wggregates, were deter-
mined and are given in Table 7. Also, a series of mixtures using
ing quantities from 4.5 to 6,

T
. 8.5 SIEVES
- 56,451‘.4,, "/ ] — 2
iy, >l 12 8. S.SiEvES
- t—
ST AT LEGE N D
A T
20 | o LINITS oF asPRALY
: :: 08 WST. M. WO W b
5 = ~—~— FULLER'S CuRVE Fon
E@ “E 314 ¥ax, size
) : 50| —-~--FIELD WX &y woy gy
:1~ E] ———FiEL0 mx 2:3:2
i N g Y voLume
~ o] L Lap. mix. 25 45:
- 25: 43139
N ”“"tf::m“ BY  WEIGHT
I~
L«—wﬂv-_.wq
Tt hoo

Trig. 2.

Gradation curve
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i i t satisfy very
imj i i coarser sizes, it does no y
hm'lts sp}?mﬁedih:sni;h{?he finer ranges. 1t is also ftouxixlclil :2:: :ge
o By ;nf]i es is quite low and any attempt ;) hli)ch o the
Bradation 13 mean an addition of ﬁne.materm dy;'i h would
B ason o extra cost but also necessitate _moblx caﬁ fons_ o
2}?: n(;?;iyn;n ;?:nt itself, which may not be practicable. s
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this is the grading which comes nnarest’ .to the .'sxpeciﬁca,tions
adopted'. From the point of view {\f stal_nlxty,ptc., it can he soen
that with the proper quantity of binder it satisfies the stability
as well as the void content requirements and as, such, should give
a satisfactory working mixture, thereby corroborating what has
been mentioned in para 3.1.

3.6. As already stated, since there was no weigh batching
equipment attached to the mixing plant, mixing had to be done
on a volumetric basis which implies that the various aggregates
should be fed to the machine in terms of cubic feet based on
bulk density data. It was found from the quarries that the nor-

mal voluretrie yicld from the crushers, Photo 15, is usually in the
proportion of 2:3:2 for the I: 3/8: crushier run, It was considered
whether a mixture of the various ingrodients in the same propor-
tions in which they are obtained from the erushers would yield
a satisfactory misture or not. 1t appears reasonable that in ag
much as the three sizes are obtained by erushing 3 in. materigl
which is fed into the jaws of the crusher) it should be possible to’
get as dense a mixture or as near a solid volume as possible by
mixing the three sizes in the same pronortions in which they are
obtained from the crushor. "(his 2:32 volime basis means a weight
percentage of 27:44:29  the grudation of which is given in Table 0.
It can be seen that this dovites only slichtly from the originally
chosen ratio hut is casily adoptable for volumetric computations,
However, such a mixtire lacks in the finer ranges as a result of
the blowing off of the fines nt the erushers. This can also bo seen

Hosely follows the Fuller curve

in Fig. 2, wherein this gradation
the fine range where deviations

for § in. size in all sizes exeept in
oceur. Also, it was noted that the voids in the aggregate mix-
alone, could be as low as 27 per cent.

ture, as a resuit of rodding

4. CALIBRATION OF THE MIXING PLANT

4.1. It is obvious that the final radation should .
ble by the plant for which the formulg:m for the joh m(ixb](;\a:dt(:)ptl?e
agcertained. Since the mixing plant can accommodate only two
sizes, it is suggested that the coarse aggregates, namely, 1 in. and
3/8 in., should be mixed ina volumetrie ratio of 2:3 mamfally and
then to feed the material through one of the two chutes and the
crusher run through the second chute. A trial on the mixing
plant using aggregates only was done and the chute openings at
the bulk head wore calibrated such that the volume of the coarse
aggregates to the fine aggregates would be in the order of 5:2.

Samples of the aggregate mixture were taken gt
places, namely, at the cold bucket elevator,

at the pug-mill. The samples were taken

three
at the hot bin and

at regular intervgls

\ 48Y
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bi ate
over a period of time and the avemge.gmda:t‘mli}ls (If) thel?;gf;;%ars
mixture at the three places wore obtained, Table 1U.

TapLe 10

‘ g S
Gradation of the 2:3:2 mixture (dry) at various place

e\ ot wEAT———— T

(1) Hoi bin ‘ (¢) Pug mill

b () Cold bucket
(‘ cluvators

e

size | T roande | Tercont- | Percents
h)eveNﬁ‘:f Percent- | Porcent- ' Percent- | Percent- | ]el}(,({ntt ape o Wi,
o ' “1}'1‘ by wt. ago by whoago by wbiage by “t'f“‘got 0 t\:l | éJpassing
P T s ' retuined | passing | retain
s retained o pussing | re \ i PO U

i in 0.3 .7 0.2 99.8 0.2 99.8
yin, 253 Tt [RRY §1.9 18.4 81.4
I\io. 1 BN 4.3 Ju.2 . 0.7 393 421
10 1.2 2001 128 42,0 127 20,4

) 40 1.8 13.3 238.8 19.1 16.8 12.6

’,i 80 6.1 72 11.1 50 7.3 5.1

200 5.0 2.2 6.0 2.0 3.3 1.8

i arbis aking down of the coarse aggregates,
that t.h‘flr © éi: aplbll]b,l_ﬂl}:etilzll g'j in.—No. 4 sizes from the bucket
eSpﬁmzqges thiough the drier to the hot bin, thereby increasing
:ﬁe fftébion on No. 4—No. 10, No. 10—No. 40 and No. f40—--—
No Sb sieves. Bub at the pug mill the percentage of coar(:;en rac;
ti ns is more, showing that there is a loss of fines especially o

o No. 40--No. 80 and No. 80—No. 200 and passing No. 200,
sllzlf_’i‘* oi;he quantity of size No. 4—No. 10 remains more or less
whileas t. The loss of this percentage of fines at the pug mill will
COHStgn »d obviously when binder is also incorporated since the
Do xe u'clel3 is in a closed condition. It was also noticed that
PE {I'u at the buckets gave erratic results. Hence the compo-
samp mgf the hot bin mixture was taken as more or less
sition Ota,tive of the final gradation of the aggregates in the
xf:&r::?: though it is not nearest to the calculated proportion of

the mixture.

: i ati falls

an bo seon that this gradation more or less fall
ith?f'thelfi,ﬁ?& specified by the Asphalt Institute! though it
:Ja lack in the filler fraction. Also, this gmda,tlon was checked
Wit)h; the gradation modulus? as a tool and it was observed that
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dation modulus of the final gradation is 5.6 and as such it
g;)epega.rraé ax"ela.sonable to expect a satisfactory mixture with the
gradation chosen. Also, but for the filler fraction, it appears to
conform to the specification laid in B.S. 5943,

4.3. In order to determine the percentage of binder that
would be necessary to give a satisfactory mixture for this
gradation (the average of hot bin samples), a series of trial mixes
were again made in the laboratory wusing 60/70 bitumen with
various percentages of the binder from 4.5 to 6.5 (by weight on
total dry aggregate) and the test results are given in Table 11,
Also, Fig. 4 indicates that the optimum quantity of binder ig
6 per cent on the dry aggregate basis, which means about 5.5
per cent on the total mix basis. This mixture has a void
content of 7.4—9.4 depending on the method of compaction and

TABLE 11

Test properties of the mixture 2:3:2 by volume

(2 in. : 3/8 in.: cr. run) Bitumen 60,70 per cent
by weight of total aggregates

Bitumen 4.5

5.0 i 5.6 I 6.0

6.5 ' Remarks

Marshall stability, b 867 1130

1183 1209 117 i i
{80 blows compaction) 0 7 Field mix.

Flow value - 1/100 in. 22 17 15 18 20 Gradation of the
mixture
Percentage voids 112 04 gg T4 78 As at hop bin,
Table 10
Unit wt. 1b per cu. ft. 137.6 138.4 1409 140.6 138.9
(compacted)
Hveem stability, per- 3t0 333 333
centage {compaction
double plunger 3000
psi)
Porcentage voids 4.7 108 94
Unit weight Ib per cu. 135.9 138.2 1375

ft. (compacted)

Swell value

Photo 2.
Hot bin view

of the plant

Photo 1.
General view
of the

mixing plant

Photo 3,
Paver being
loaded



Photo o,
Rear of

paver

Photo 6.
Texture of
the finished

surface

T ]
s"’\’v

n
e

’hoto 5.
Rolling of

the carpet

T

Photo 7.

Field Laboratory

Photo 8,

Sampling at cold elevator




Photo 12,
Moulding of test

hoto 4.
specimens

S i
tmpling at the hot bin

Photo 13,

Photo 10,
varshall stability test

Sampling of

mix at pug-mill

raet ¢ tdma ]
o .
H

Photo L4,

Phaoto 11
Sieve analysig of
Extraction of binder

ageregutes
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Fig. 4. PROPERTIES OF  BITUMINOUS MIXTURE 2:3:2

N +  which is permissible in the case of graded asphalt mixtures as
e A ! suggested by the Asphalt Institute. S .
Photo 16, : 4.4, As regards the nature of the bingier_. iq _order thai-;' the
Storage bins of aggregates at the plant site mix may meet the demands of high stress intensities on the road,

it was thought that a harder grade of bitumen -such” as" 60/70
3 ' )
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pensetration grade would desirably b
be seen from the comparison ofy tht; bsett:ir shan BO/IOD as ot

Table 12. The grade of 30/ ility data given in

40 gives still better stability but

TasLy 12
Test properties of the mixture 25: 45: 30 by weight
Lin s N
(3 in.: 3/8 in. : Cr. run) with different grades of

bitumen
] —
Por cont binder on total aggregate bagis—5.5
Bitume e
0 ‘ 80/100 60/70 30/40
Marshall stability, Ib (50 blows 1286
compaction) - 1380 1840
Flow value 1/100 in, is
: 2
Percentage voids 7.4 5 "
k 8.2 9.2
Hveem stability, percentagoe -
¢ y compac- : .
tion by double plunger ‘f’sDOO(& p:il; " 5 o 40
Percentage voids
9.4 v.6
. 8.5

considering the climatic conditio
. ns and : —_—

;sienof ghega grade 60/70 was preferred. Il(HZTcgogé’ag?lOn facilities,
S (/: 1:‘!. famd crusher run in the proportion of ’;.cgofnbm‘,“g
for IZhe ;?rf: 60/70 bitumen was considered as a roner 2 with
This binder Cﬁaiourse f?lff %lre using Marshall meh}?odpg‘f' ddeglgn

N su Cl esign.
boilers every day. pplied by bulk tank cars and stored in ffu,

4.5. Having decided on th
)
content, a trial mix was run :mal

choosing the proper set of gear wheels for the bitumen
pump 8o

that s binder content of 5.5 per

3 - - * c 3
mixture. Sh_ght adjustments v?ere gg:‘;ec%uld b Obt?med for the
at the hot bin before the aggregat y controlling the gates

enter the pug-mill. 88 move up the hot elevator to

gradation and the bind
) r
gain on the mixing plant l?y

8. LAYING OF THE CARPET

5.1. The bituminous mixture i
normally ata temperature of 300°F, gso ;rc;;lld%adoc‘lliteﬁzl e pug-mill

trucks and taken to the site where the carpet is o ,f;i{‘”.g tiPTpﬁl'
aid. )
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mixture remains hot for more than an hour even, during which
time the trucks take the material to the paver. Before the mix
is actually laid, the bed is prepared with & tack coat of
bitumen so as to ensure proper bondage between the bed and the
new carpet.  In as much as the water-bound macadam base was
new and in order to have adequate adhesion between the base
and the carpet, the carpet being as thin as 1 in., it was decided
to give & tack coat of hot bitumen 60/70 at the rate of 20 1b
per 109 sq. ft. and to lay the tack just immediately before the
paver went over the base.

-

5.2. The paver consists of two main units, the tractor unit
and the screed unit, Photo 3. The tractor unit provides the
motive power through the crawlers and this unit includes the
receiving hopper, feeders, spreading screws and power plant.
The screed unit consists of the tamper, thickness controller and
gereed. The material received in the hopper is taken by a
movable apron past the gates and goes into the screws. The
spreading screws uniformly mix and spread the material to the
full width of 11 feet of the surface. Behind the screws are the
tampers whose height can pe adjusted and which strikes the
material and compacts the mixture. The screed which is immedi-
ately behind completes tho smoothing and ironing of the surface
with the result that as the tipper lorry feeds the hopper and as the

" paver moves at a gpeed of 15 to 20 ft per minute, it leaves

behind a more or less compacted bituminous surface appearing
as if a carpet is being unrolled, Photo 4.

5.3. Since the carpet is still hot and has not received
complete compaction, smooth wheel 10 ton road rollers are put
over it to give the final compaction of the mixture, Photo 8.

§.4. Although in the laboratory one may get as low a
voidage by changing over the method of compaction, it is
necessary to know the amount of rolling that would be required
80 that as dense a carpet as possible can be obtained in the field
for a given mixbure. With this object in view, sinoce the
department supplies only & three wheel roller and to get a correla-
tion between laboratory and field densities five lengths of 100 ft
each were chosen immediately after the paver had laid the carpet
and in each of the 100 ft, the number of passes of a 10 ton roller
was changed from no rolling to 4 passes of the roller. The field
densities were determined and it was found, Table 13, that the
maximum density was obtained when the number of passes was
between 3 to 4, and this was stipulated as the amount of rolling
required for the oarpet.
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TABLE 13
Field density versus number of passes of roller
Donsity (average)
No rolling 1.60
One pase 1.79
Two paggos 1.86
Three passcs 1.98 '
Four passes 1.97
TanLe 14
Unevenness measurement with bump integrator
Width : 22 feet Speod of travel: 20 m.p.h
Over the water-bound
macadam bugo Over the carpet
No. Sidoe I T N
Wheol | B -
Yoot | b | g1 | Whool | Bump
4 rocor- - /milo| Fevo- | recor- Index
- lution i ded 1 : ®| lution | doq |in/mile
1 Left 431 143 .
: 234 693 104 112
2 Right 456 12 2
7 206 688 93 102
3 Centre 426 127 220 -

N.B.—Normally the limits specified are ag under:
Below 130 — Good or better
130 - 180 — Fairly good.

5.5. In order to evaluate the
after it has been laid and to note the s:;x(-)g:h:fe:)setzi the carpet
result of this carpet, a bump integrator was runl'rglefnt as a
after the carpet was laid over the base. Table 14 jnd; efore and
as a result of proper design and mech indicates that

bump-free surface would be available, ng;ga)ékgh;géu‘;‘t’*m(})ﬁtg
whic

cannot easily be obtained with ordinary manual laying

TABLE 15
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TABLE 16

Central Road Research Institute
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Field mix data
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6. FIELD CONTROL

With a view to ensure proper gradation, mixing and laying
and for quality control of the paving mixture, a field laboratory
was set up very near the plant, Photo 7, and the following checks
were made :

6.1.
1.

Sﬂ

Material Control

The sieve analysis of the 2 : 3 mixture for checking
of the proportioning of the coarse aggregates, Photo 16.

Sieve analysis of the crusher run for variations,
if any.

Sieve analysis of the final aggregate mixture of 2:3:2
at the cold elevator and again at the hot bin, Photos
8 &9, so as to record the composition of the dry
mixture from time to time and to make suitable
adjustments in the proportions whenever necessary.
The adjustments were made by raising or lowering
slightly the gates at the cold elevator.

Samples of bitumen taken from bulk tank cars or
drums as the case may be for penetration and softening
point tests.

Samples of the final bituminous mixture obtained,

‘Photo 10, from the pug-mill periodically to conduct

tests such as extraction of the binder and the gradation
analysis of the aggregates. Also, test specimens were
moulded with this mixture and the stability, void
content, etc. of the specimens were determined, Photos
11, 12, I3 & 14.

These above checks were done initially over every hour or
more often when required and gradually reduced. The results of
the control tests were recorded as shown in the two Tables 15 and
16 and any major variation found in the gradation of the
materials, stability value and binder content of the mixture
were recorded immediately and reported to the field staff for
necessary adjustments,

. 6.2. Plant Control

1.

Recording of the temperature of the material at the
hot bin as well as the bitumen in the boilers to avoid
over or under heating of the material and to take
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necessary steps to adjust the flame in the burners
wherever necessary for a temperature of 350—375°F.
for the bitumen and 250—275°1, for the aggregates.

2. Check on the regular and continuous flow of the
materials through the chutes so that the flow may be
according to the requirements.

3. Check on the uniformity of coating in the finigshed
mixture.

4. Recording of the counter number with the hot bin at
the start and at the end of the day’s work to calculate
the quantity of matcrials used in a day.

_CR

The counter number as each tipper lorry moved out
of the plant s0 as to locate the actual site where the
mixture was laid from time to time.

6.3. Laying Control

1. Cleaning of water-bound macadam and applicati
the hot bitumen for tack coat over the dr?lbase.mn of

2. Edge of the previous day’s carpet to be cut and
binder applied for joints.

3. Adjustment of paver for thickness of carpet and §
thickness of carpet laid checked periodica.ll? he

4. Mixture to belaid before it is cooled—the temperature
of the mixture being not less than 250°F.

5. Removal of loose stones and oversizes and dressi
. . » n Of
tl_xe lfmd mixture by filling finer material over pla%ces
?mh In coarse aggregate as a result of segregation or
improper gradation or defect in laying.

6. Roller to pass longitudinally three to four times at a

speed not exceeding 2 m.p.h. when the mixture is
partially cooled down,

7. To check the longitudinal joints and camber,

8. Measurement of the carpet area done
calculate the quantities of materials used.every day to
In addition to the above, the daily temperature g ; :
iti . 6 nd
conditions were also recorded. Again, as a check over thfghlga:;:
of compaction obtained in the field, field densities in cer%a,i
chosen spots were also done, Table 18, to see whether the in
‘has been compacted to the desired extent or of, mix

[3d
(=
Qt
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TaprLe 17

Test properties of the mixture (2 : 3 : 2) versus variation
in binder content and gradation

Per cent by weight retained on each sieve used
g

! R irod lati Gradasion of mixture after
euired gradation, extraction of binder

Sieve gize or No. . - R Rt ;

Design . Hot bin | Normal |

J

Normal ; Coarse

34 in, 0.3 0.2 - - 0.9
12 in, 18.3 13.9 114 16,9 23.0
No. 4 543 30.2 32.3 2005 16.7
No. 10 14,1 128 145 4.1 124
No. 40 18.8 28 194 19.9 27.3
No. st 8.6 111 119 121 119
No. 200 3.6 6.0 5.3 5.3 6.2
Pugsing No. 200 2.2 2.0 AL 2.2 1.8
Binder Content Normal Low Normal
Total mix basis 8.7 4.1 5.9
Total aggrogato hasis 6.0 4.3 6.0
Marshall stability 1h 1292 336 623
Flow value 1/100 in, 16 14 20
:Percentage voids 8.3 12.5 11.3
TasLE 18

Field density of laid carpet

Location ’ Density | Theoretical * ’ Percontage Thickness of
No. ' (bulk) } dousity | voids ! carpet, in,
1. [ 2.170 \ 2.490 12.8 13
2. q 2,130 2,423 12.0 11
3. l 2.000 L 2.438 18.0 | v
4. I 2,090 | 2,429 13.9 | 1}

* Theoretical donsity is calculatod after extraction of binder and from
the percentage composition of the mixture aftor extraction,

4
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7. OPERATIONAL PROBLEMS

Beeause of 4} § ;
PRUSC 1¢ degree of mechanisabi . | :
pace of worki BT echanisation involved anc ) ! ‘
onerali orking, it s but natural that there wflll(l the fust o
t}[l) I tonal problems which aro to he faced and 1 bo some - lEg] o = =+ @
elaying of the carpot. The following o @ overcome during =2 LR s R R =
phat were confronted during the layin? *(l);(/triomc of the problems =5 | 2w I
M N v . R -
in this Paper. £ 1c streteh, discussed ° B3 3 S
= [ ' ~ 71
- . -
7.1. Bitumen -
® ‘%
It is highly i -
s highly important that the corr - \
s vt - A ¢ > correct quantit . . ‘ -
ilflotl,ild be used for the mixture so as to (.,Nuh‘l :Il]xhl-lty of bitumen » o v oo
bi dlxe pavement. -~ An example is given in :I‘"z}lwulb’l?‘t strongth ~ 2 voc e
binder content fell far below the limit able where the . e o @
in the mix as a result of this lo mmit and the strength obtained g 5 5 ¢ -
J 7 g lower quanti . L ¢ —_ S «
Normally, when the binder COntentqd(;vr}F;b,y of binder employed. B E .
be U()_x-rected, bused on the extraction 1,1: ttslon[y slightly, it can Z 9 E
opening of the gute at the hot bin b(‘f‘)l‘ost}i \‘"t“‘: by varying tho g ; = e
up tho hot elevator.  If, on the other hand :laggregat.cs aro sent v 2 g T ® =
i)l'lgh’ then the check will have to be m;’(l: ) L(t:hvarmtlon is very 2 9 2 g Lo c: !
itumen ; - ade on the nozzle ¢ = S w a9 9
op o c}}iuxmp a}ld, if need be, the nozzle will have to {'0 and the o g Z \. 20 g s
rosorted ¢ & 1g}s in the gearing ratio of the pumyp x‘n- )}cvrf,plzwed o o Py
-‘11 0. .Just as the binder content is to 1 1 : ay have to be - O E -
ca f})]’ the temperature of the binder also LWiH ;e checked periodi- < ;(.,'; 2 3 L
S0 a ) : KT lave g -
; 1 t the b_mder does not get overhoated ave to be checked moa o fis 2 [ 22 = -
oss of adhesion. A lower te ated with a consequent 40® s E = o
obstruct th cmperature of the bi ' SRR~ 5 Voo
struct the free flow and thereby aficct th 1 binder would E-: <h 5o IR L
Y 3C Te s M ] e ~ . - .
quantity of bitumen supplied. ¢ coating and also L - o g =2
' s} i S
3 ) '
. b ]
7.2, MAggregates g 2 \
I 1 > g.)b - i
n a bitumi : e g2
provisi ) minous mixing plant without wej . _cg 3 25 |
visions, variation in the gradation is} Clgh—b;l»tchmg o - \ o @ c; o
strice control is enforced. Exampl i3 bound to occur unless o % K i 2 8 =
the effect on strength due to ‘I’lll‘i)deS‘ given in Table 17 show ) E % l
indicates © 10 gradation change: m, 8
o durinth: ((licgree of variations possible in thegef:(,a,nd ld'ble.w ol —~——-——'—“"
tion contrgl unz'bny and stresses the absolute necessi‘tbé; egate mix- 3 PR
1% in & work such as this, y for a grada- o B
O 2
It was notice . ) 2 A B B S
mainly as a 1ccdl that the variation in the gradatio e 8% ¢+ ° = 3 A
'ngrurat(k chnu t of manual mixing of the ! i n occurred ] &
& 8] s, .. . - 30 . « y . :
the twt,o 42 ) Do, to minimise the variation it was o anel 3/8 in. g \
'O 8 rerate ‘ TR 14 2 "
such thutat;glr ?%Ddbbs should be spread evenly in th‘:}llgzcstud that = E
ot ir;:;bndm three layers of 38 in. and two I; storago bin s g |
ascth h-l‘ ¥ ',1§pcrscd between one another, wit] ayers of 1 in, = S
o fa T our dig the spade to the full de )’th 1th the result that E;:. K { P « g
" P A
in for loading of the baskets, mixing t‘aake[s l:lto the aggregate % EE s
place automatically, “ P

1.7~

120 ~-143
3.6 -

10,0 - 11.3

8.3
5.1
1.6

6.2 -
4.4 -
B -

3.9

D)

3.3 -

B3

238
11.1
6.0

18.8
8.6
3.6
2.2

No. 200

40
80

No.

No.
No. 200

Passing
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However, pericdical checks and vigilant control are necessary to
lessen the degree of variation of the gradation.

Because of moisture in the crusher run, quite often there is
no free flow of the material through the chute near the bucket
elevators, which, if not checked at the proper time, would give a
mix devoid of the fine fractions. The aggregates again have to
be heated to the required temperature and also it should be seen
that the flame consumes all the fucl that is supplied to it.  This
can be checked by seeing the colouration of the smoke which
indicates complete or incomplete combustion.

7.3. Segregation

The amount of segregation of the coarse from the fines would
depend upon the number of times the mixture is handled and
moved about. Segregation within the mixture can normally
occur as the mix is dumped into the receiving truck. The coarse
aggregates usually travel down the cone pile and accummulate
at the corners of the truckk. When this segregated mixture is
dumped into the spreader, sometimes remixing is done by the
screws while spreading. A solution would be to see that the
segregated material is thrown back into the centre of the moving
apron in the hopper of the spreader.

7.4. Tack Coat

A tack coat using hot bitumen was used during the cons-
truction. Tt was found that the trucks which move in front of
the paver for loading of the paver pick up the base as a result of
the freshly laid tack coat. The way by which this was overcome
was to see that sufficient length of the tack coat was laid in front
of the paver only after the trucks have unloaded themselves into
the paver. Another solution may be to prime the entire surface
a day in advance or to have a fluid type of rapid curing cut-back
from an overhead tank and which can be sprayed on just before
the laying of the carpet. The tack coat }nigllt have been
avoided if the thickness of the carpet was atleast 2-3 in
or if the carpet was laid over an existine bl : .
or, alternatively, if the base had boen g
primer a few days in advance.

acktop surface,
given a bituminous

7.5. laying

It is obvious that any flaw in the aving mechani
anism
affect the smoothness of the carpet. P Thegthree gaécs zﬁlilclg
control the rate of flow of the mixture from the hopper ’into the

screws, should be checked to see that the materi

ews, ial flows
uqlformly to the screws thereby lessening the segregatio; ofot‘ﬁz
mixture, It is also obvious that if the paver is driven over loose
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stones, unevenness of the carpet would result as a result of
varied thicknesses.

7.6. Rolling

Adequate rolling should be resorted to and this should not
be postponed till the mixture cools down completely nor should
the roller pass immediately behind the paver when the mixture
is still hot. The number of passes that has been stipulated,
bhased on the initial field tests, should be resorted to so t.ha.t
adequate compaction is ensured. And at places inaccessible
to the roller, hand tamping is a must.

7.7. Thickness of the Carpet

When the thickness of the carpet is limited to 1 to 1} in., it
is but obvious that unless the base has been prepared well and
formed to camber with due regard to levels, etc., the thickness
will be more than 1} in. and may even be less than 1 in. depend-
ing on the condition of the base. But since the carpet is thin, it
is cmphasised that in no place over the road should the thickness
be less than 1 in. Where the base is formed by manual labour
without resorting to accurate controls and levels, by using
boning rods, etec., and when the tolerance in the ]oa.se is more
than 2 in., the quantities required for the construction may have
to be worked out for a higher thickness so as to cater to the
variations in the quantities as a result of inequalities of the
base.

The quantities required for a given thickness sho_uld be
worked out by taking into consideration the bulk densities of
the various sizes and of the mix as given in Appendix I.

7.8. Co-ordination

Although the overall construction demands only a minimum
number of skilled workmen to operate the various machinery,
it is absolutely essential that complete coordination should
exist between the supply of materials, the operators of the mix-
ing plant, the operators of the trucks and the operators _of'
the paver and the laying of the tack coat. A break in
the chain or even a delay or improper timing would lessen the
speed of construction and thereby increase the total cost. The
cost structure for the work is given in Appendix II. During
the construction, owing to the breakdown of machinery,
insufficient number of tippers for places with long leads, delay in
supply of binder, etc., the pace of work varied from 2 hours per
day to 6 hours per day, as a result of which the area covered
was from 7,000 sq. ft. to 17,000 sq. ft. per day. Taking into
account the distance from the mixing plant to the paver, the
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requlr‘ed number‘ of tippers or trucks should he provided so that
the mixture as it continuously flows from the plant into the
truck flows into the paver with as little a delay as pnsxihlr-' ’m(i
the work can only then move on even keel R

7.9, Control

In a work such as this it is imperative th
laboratory should be established at the site
quantity and quality of the materials tha
but also to control the mixture and the subsequent rabi
to see that the finally compacted carpet would posses ,0};]( rabions
strength and density as was originally (lo.\'i"no‘d‘ ”sijm hame
the actual laboratory testing itself, it ix tho ’(‘{'n More than
implementation based on the scientific ]:Lbnrn‘(l.m:v q,t(‘,“:]lm,: And
pm’&nlount.importanco_, since the main purpog}: ()’f‘ ,.1,]\,()4, 1s of
laboratory ix only to indicate as to when and where 1"11(- Ot(;n‘tr()]
go wrong. ST ungs

at the eontrol
not only to cantrol the
tare fed into the miver
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QUANTITIES OF MATERIALS REQUIRED
Appendix 1

The quantitios of various materials required per 100 sq. ft. for 1in.
compacted thicknoss would be ealeulated us shown bolow &

Tho unit weight of tho compacted mixturo = 110.5 Ib per cu. ft.
So, for 100 sq. ft. for thickness of 1 in.

quantity of mixturo required = 100/12 = 25/3 cu. {t.

On weight basis quantity = 25/3X 140.3 = 1170 1b

Poreontagoe of binder iu the mix = 5.3

1170345.5 .
8o, quantity of binder for 100 sy, ft. = ———w:; 2 = 64 1
So, weight of aggrogatos = 1106 1b

On a weight proportion of 27:44:20
for thoe } tn. : /8 in.: Cr. run
» 116 X 27

Quantity of 1 in, nggregato 160 = 208 1b
. 1106 44 _
Quantity of 3{¥ in. aggregate =00 487 1b
a
_A0BX

Quantity of crusher run = o

Basod on loose bulk density of 82.7

b per cu. ft. for §in. aggregate .
quantity roquired per 100 sq. ft. = 3.6 cu. ft.

Based on compacted bulk density of
95.5 1b. per cu, ft. for § in. aggre-
gate quantity required = 3.1 cu. ft.

Similarly based on loose and compacted bulk densities'o'f 89.41b per cu.
ft. and 102.5 1b per cu. ft. for the 3/8 in. aggregates, quantities required are
5.4 and 4.7 respectively. .

Similarly based on loose and compacted bulk donsities of 87.5 and 103.1
for the crusher dust, quantities required aro 3.6 and 3.1 cu. ft.

Honeo the gquantities of the materials required for 100 sq. ft.for a
compucted 1 in. thick carpet :

(n) Bitumen (i) 63 1b for mix
(ii) 201b for tack = 85 1b
(b) Aggregates
(i) & in. metal—3.1-3.6 say 3.25 cu. {t.
(i) 3/8 in. motal—47-3.4 say 5.5 cu, ft.
(iii) Crusher run—3.1-3.6 say 3.25 cu. {t.
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Appendix I
DESIGNED CARPET

Jesipned mis earpod using 12w [0 matorial or 2020 ew, 06, of & in
wggregates, 3.25 cu. fhoof 48 . and 3.8 eu, {4, of crushor run with 85 b «)i’
bituwmen 60/74 and a tack coat of 20 1b of bitumen 60/70 pur 100 s, [

- {Note: 325 eu. floof § in. aggregate and 5.23 eu. [t of 3/8 in. altor
inbinate mixing will lose 6 per cont by volume and give 8 cu. 1. approx)

Detuils for 10000 sq. ft,
Juantity per Rato Cowt por LU0
100400 sq. {t. s b'zlv B, Bomurks
« 343
1. Bitumen
{a} ¥or enrpet at
65 Ih por 100, it
e ooy
10 2240
{b} For tack ooat at
20 1k peor 100
EL

20X 10000
10022240

2.8 tons

W80 tos

3,79 tons 288 por 1683,04
ton
II, Aggregate
(a) Supplying and
stacking SERR
stone grit §in.
and 38 in, aggro-
gates mixed in
the proportion
2: 3 inclusive of
loading at the
mixer
fx 10000 B00cu. it 48 per 38400
160 160 cu. {t.

(h) Supplying and
stacking of crus-
her run DA, stone
grit inclusive of
loading ot fhe
mix
3.5 X 10900 430 au, ft. 28,27 per 98,95
100 100 eu. fo.

11I. Labour

(a) For cloaning as per
gehedule

&3
-
ey
2
o
e

pout
oy
o G et

&
P
pot i

e
P 1O
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{b} For heating of bitumen
beldar: 4X%3.90=15.16 Ras,
say 15 @2 Ra 2 ecuch 30.00
{e} TFor tack coat as per
schedule beldars 83 @ Rs 2.00 13.00
{4y Chowkidar 24 @ Rs 2.00=35,00 7.62

Bhisti 1 @ Rs 2,62=2.62

IV, Steam coal

{(a)} ¥or rollor = 6 ewt. 6 owt, .
(b) For boiler 4 X 3.79 15.16 cw“/.}Rg' 2 por md. gy g1

{¢} Carriage of above 21.16 11 nP per. ewb, 2.33

¥. Hiro charges for roller @ Ra 18.00 per day ) 18.00
Brushes 2.50
Sundries for brooms, gunny bags ete 5.60

Plant charges for the mixing and
laying for 10,000 5q. ft 4 per 100sg. ft.  400.00

Total 2160.97

Miscellanoous contingencies and -
profits about 10 per cent 216,00
" 2377.06
Say 240000
Rs 24 per 100 8q, fit.

Sineo it is stipulated that the thickness of the carpet should be a
minimum of 1 in. and in order t¢ aheorb the unevenness of the W.B. base,
the quantity of materials could be increased by 26 per cont, in which case
the material used would be 10 cu. ft. of § in. and 3/8 in, mixed nggregates
togother with 4.5 eu. ft. of crusher run for 100 eq. fs. The total cost for
10,000 sq. ft. would then be

2160.97 + 3 (2.9 x 286 + 384 -+ 08.85 1 400)
“1-1% +g§x4x2+2‘9x%}%+4.lﬁx2+l§

= 2752.85 or gay Re 28 per 100 sq. ft.
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Appendix III

OPEN GRADED PREMIX CARPET WITH SEAL COAT

Lin, premix carpet using 10 cu. ft. of stone grit 3 in, and 35 1b of
hot bitumen for premix and 20 1b of hot bitumnen for tack coat for 100 sq. ft.
of surface together with a seal coat using 20 1b of hot bitumen and 3 cu. ft
of % in. grit for 100 sq. ft.

Carpet for 10,000 sq. ft.

1. Bitumen Quantities Rate Cost Remarks
(a) TFor carpet at 351D
100 sq. ft.
85 10,000 _ L6
1002240 tons
(b} For tack coat
20 10,000 » : 380 505
100X 2240 0.9 perton - 200
(¢) Yor seal coat .9 tons
3.4

It.  Aggregates

(a) Supplyingof 4 in.
stone grit 1000 cu. f{t. 48/100 480,00

(b) Supplying of |in. grit 300 cu. ft. 50/100 150.00
ilf. Labtour

(a) For cleanmg as por schedule 50,72
(b) Hoating bitumen 4X3.4 @ Rs 2.00 27.20
(¢) For tack as per schedule 13.00
(d) Screening—mistry 13 @ Rs 5.25 9.19
Boldars 2231300 '
eldars =35
68 @ Rs 2.00 136.00
(e) Miscellanous as per schedule 7.62
. Fuel 2165.73

(a) For roller at 6 cwt.
(b) For boiler 4X3.4=13.6 }19-6 cwt  Rs. 2 per md. 56.20

(c) Cartage at 11 nP per cwt,

2.16
V. Plant hire charges
Road rol.ler 18.00 per day 37.50
mixer 6.00 por day
boiler 6.00 per day

brushes 1.25 per day

BiruMinous CARPET 515

Broom, gunny bags,
sundries. 4.00 per day Total 296150
Add 10 por cent for profits ote. 226,16
Net total 2487.74

Say Rs 25 per 100 sq. ft.

Cost of seal coat only Rs 6 per 100 sq. ft.

If bulk bitumen and the mixing plant together with the paver is used,
the cost per 100 sq. ft. would work out as:
= 9487.74 — (319 + 136 + 9.19 4- 37.5) + 400 4 256.5 = 24115
say Rs 24 per 100 sq. ft.
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Appendix IV

STONE-SAND ( CRETE’) CARPET

1 in. bituminous concrete carpot with 8 cu. ft. of stone chips (-3 in.
50 per cent, 3/8 in. 23 per cent and }in. 25 per cent) with coarso sand of
4 cu. ft. for 100 sq. ft. with hot bhitumen at 4 1 per cu. ft. of stone chips
and 8 1b per cu. ft. of sand together with a tack coat of 20 1b of hot binder

per 100 sq. ft of surface.
Details for 10,000 sq. ft.

I, Bitumen Quantity Rate Cost
Mix and tack
8X448x%x44+20 100
L_,;‘L._;SMHJ" ) X 3.74 ton 380 ton 1421.20
1. Aggregates
i, 3-% in. stone grit 4% 100 400 cu. ft. 48 192.00
i1, 3/8, % in, stone grit 4100 400 cu. ft. 50 200.00

iii. Sand—crusher run  £X100 400 cu, ft,
111, Labour

(a) For cleaning as per schedule

28.27 - 113.08

: 50.72
(b) For bitumen 4X3.74 @ Rs 2.00 29,92
(c) For tack coat as per schedule 13.00
(d) Tor screcning mistry 12 at 5.25 9.19
5.25 . .
Beldar Too X 1200 i.e. 63 @ Rs 2 126.00
(e) Miscellaneous as per schedulo 7.62
IV, Fuel, etc.
(a} For roller 6 cwt.
(b} Boiler—14.96 20.96 ewt.  Rs 2 per md. 57.20
(c) Cartage 20.96 at 11 np per cwt, 2.30
Y. Hire charges for roller, etc.
As per schedule 37
.50
Total
Ad 2259.73
d 10 per cent for profit 295.97
Net total 2485.97
S —_—
Say Re 25 per 100 sq. ft.
With bulk bitumen and mixing pi
100 sq. ft. & Plant, cost would work out o Rg 24 per

—
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SYNOPSIS

i he Government of India, the Indian Roads Congress
app«ﬁz:::f ;nsé:;iziﬁa:e to study (i) the cost of operation of motor vehicles
on different classes of roads and (ii) the economy resulting fron} road
improvements. As recommended by the Committee, controlled experiments
were carried out by Bombay aud Uttar Pradesh Btate Transport Under-
takings according to design and specifications supplied by the Committee.
This Paper gives the details of the actual experiments and their results.
The results indicate in detail that there is substantial reduction in the cost
of operation of motor vehicles with the improvement of road surfaces.
Experience of other countries is also reviewed in this Paper.

t Deputy Chief Engineer, Irrigation, Bombay.

* Ministry of Transport & Communications, Deptt. of Transport, Roads
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1. INTRODUCGTION

L1 The total cast of any highway improvement is the cost
to improve aud maintain the highway and to operate all the
vehicles thercon. Thus the planning and destgning of o highway,
particularly the selection of the vaute and the clioieo between
alternatives, can best he done by ealeulating the eosts of vehicle—
operation, maintenance, ete, in addition to cafeulating initial
costs.  So far as economy of road construction and masintenance
is concerned, fuirvly alequate information is readily available
but the same cannot be eaid about road velidele operations.
Therefore, in order to examine thoe oxtont to which upgrading of
gurfaces brings down the operation costof transport, a committes
of experts was appointed by the Indicn Roads Congress according
0 the recommendations of the Fransport Advisory Council, wha
discussed the subjeet in their meebing held in January 195), 1%
was felt that intensive eflort is necessary for working out
aceuratel v the statistios of actual operation on the several types
of surfaces fromi the mafor operators in the country so as to
arrive at the exact quantum of difference in each case.

1.2, Statistics of maotor vehicle operation  as usnally
compiled aad wade available by these operators cannot throw
full Hight on the subject under consideration. [t was, therefore,
decided to collect all relevant information from the motor
transport operators (inchuding State Transport Undertakings)
by framing a suitable questionnaire,  In response to  the
questionnaire issued, statistical data in some form or the other
were received from 10 private operators and 4 public services,
All the data could not, however, be used because some of them,
specially from private operators, were incompiete and lacking in
the requisite detaily, In particular, no private operator could
supply any data throwing dight on the difference in the cost of
operation between surfaces of rouds, Ay regards public services
the data received from them were not i a form to mect th(;
requirements. Two of the services were elty opevated and their
experience accardingly could not be used for any ather service
and, moreover, they were ranning on the same road surface
namely, black-top but with different types of vehicles. 1In thé
remaining cases also either the roquisite detyils in regard to road
surfaces were not available or the statigtios Were mot compiled
on a uniform basis.

1.3, Reviewing these results, it was
and convincing results could not he brought about by collecting
data in the form of a questionnaire from the operators and it
was felt the only satisfactory conrep wauld be o carry out
controlled expériments to throw light on the problems required

concluded that reliable
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o be studied. Tn view of the dillicult naturc of t}fm E’i&gﬁ?&tg
was clear that an experiment wonld have to last C(;;‘esconL'luSiDn
long time and only after, say, three years rome pre , the possi-
could bo arrived at. Tn pussiance of this d“méogx; qmtil‘stica,l
bility of designing a seientific experiment -n,r.ll“}lc’(; J(;ri ld(csié;ning
lines was thoronghly examined and a techuical Pay

a “‘factorial® exporiment was prepared.

14, The U.P. Roadways and the Bgmlmg i\%mlgice?nol?g
Transport Corporation started the‘ cxpc:rn:nr}n‘ b
1955 and March 1956 respeetively, The Stato ‘mﬂ‘s(b b Dnder-
takings of Assam and Himachal ]?mths'shf {?;fajci(‘m i
beginning in this respect for collecting mtoxf ation rogarding
cost of roud transport with the improvemen! Yo L o e
the hilly rogions. This Paper muainly (hsc.um(éls] ,]}'n eaults of tho
Bombay and U.P. experiments aloug w'xfh e finding
experiments carried out in various countries.

9. MAKE-UP OF THE OPERATING COST
2.1. The total cost of operation of a v’ehuége}z] c%rzs;gtzogﬁstx:
parta, ffixed costs’ and ‘variable co.sts ‘d texe; } contis ax
indepondent of the milenge driven and mch‘): ] a’;es; R ﬁeprecia:
garaging, cost of supervision and operators ‘W?e:blé T
tion of the vehicle may be either fixed or vari ° Ofp nding
upon the conditions of use; for example, in thoﬂcasoursepof ato
cars which run cumpar}a.til\/cly few{) mtl}ise«gg;l:%or::tgnt o of the
the life of the vehicle may be ta tans, .
g:::;’t, depreciation gosts become Qxed. _Inlthe( ca;e (;)ef ggg;mgg;)
cial vehicles, the depreciation is variable ant 3

conditions of use or mileage driven.

2.2. Variable costs vary with the distance dtrtavtfalled and
include such items as cost of fuel, oil, tyres an uh esl,ss;;al,lrg
parts and maintenance. T.he cost of major overhau
Tepairs can be treated as maintenance cost.

ion icle in the course

.3. o total cost of operation of the vehicle
of a ?rga.r c{fug bo converted to a vehicle mllfa bfa.sxs in the case of
passenger vehicles and to a ton-mile basis in the case of goods
vechicles, Both fixed and variable costs are represented in this

vehicle mile or ton-mile rate.

i by road surface

2.4. Variable costs are affected not only b; v
but also byaother road features such as the width of roadway
and its traffic lanes, the curvature and gradient of the road, ete.
The latter items are special characteristics of individual routes
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and no attempt is, therefore, made to assess their effect on
operation costs.

3. EFFECT OF IMPROVEMENT OF ROAD SURFACE ON
OPERATING COST

‘ 3.'1. 'An improvement in the surface of road has a specific
effect indirectly lowering the cost under the several heads such a8
cost of fuel and oil consumed, wear and tear of tyres, consumption
of spare parts, etc. Apart from this, an impr"oved surface
permits of higher speeds and this provides indirect saving in
cost on account of greater mileage and consequent lesser incidence
of fixed costs per vehicle mile, longer service life of the vehicle
in general leading to lesser depreciation per vehicle mile, etc.

3.2. Improvement of road surface also provi i i

lont ¢ vides int ble
benefits not expressible in terms of saving in Eransportatiﬁggéosﬁ
and not easily evaluated ir: cash terms, These are :

(a) providing lines of communication to all parts
. of
producing areas and in shorter time; P the

(b) providing direct hauling service to all parts of the
producing areas ;

(¢) making rural life more attractive and tending to

stabilise an optimum distribution of .
population ; n of rural and city

(d) increasing the social and recreational ibiliti
both city and rural residence ; possibilitics of

(e) increasing the flexibility and strengt
transportation system c);f the countgr}t1 ix(l) ftairt;lees %t;ns::ll‘
and emergency transportation in case rail road
systems are held up by strikes or otherwise. This
has been amply demonstrated during the secon(.l world

war, more especially in res
ore ect of 1
communications ; P ack of road

(f) raising rural land values;

(g) raising property value in both rural and urban areas :

(h) increasing the range of marke

distance and favourable sellin ting in respect to the

g terms ;
(i) promoting suburban residence of city dwellers and

reducing the necessity for ¢ b &
conditions; ) ongested city living
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(j) providing greater travelling comfort;
(k) reducing accidents on highways;

(1) other advantages commonly associated with modern
civilisation, including such things as efficient fire and
police protection, rapid postal deliveries, improved
access to educational, recreational, social and health
facilities, decreased cost of commodities, ete.

3.3. These intangible benifits are mentioned here for the
sake of completeness, but detailed analysis has been restricted to
such items of variable operating cost as can be directly
expressed in monetary terms.

4. EXPERIENCE OF OTHER COUNTRIES

4.1. Elaborate studies on this specific problem of cost of
road transport operation have been couducted in western
countries, particularly in U.S.A., extending over several years
and the savings in operation cost due to improvements in road
surfaces have been worked out individually under each item.

4.2. The following Table® gives the results of an elaborate
series of experiments carried out for more than thirty years in
the Engineering Experiment Station at Iowa State College,
U.S.A. The figures are given in cents per vehicle mile :

TaBLE 1
Type of road surface
Earth | Gravel i Pavement
I
Variable Costs— _
Petrol 1.35 1.40 1.22
0il 0.21 0.15 0.11
Tyres 0.33 0.44 0.27
Maintenance 101  0.56 0.10
Fixed costs (based on 8,000
miles of running) 3.07 3.07 3.07

Total operating costs 597 b.62 471
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%‘3 If, for instance, we take the < pavement’ surface as a
standard for comparison, the increased cost for the other sur-
faces under the various heads is as follows

Tasrn 2

‘ Increaso in cost

! Farth Gravol

l per cent per cont
Potrol 105 14.6
0il 91.0 36.4
Tyres 22,1 62.8
Maintenance 910.0 460.0

4.4, Other experiments in the U.S.A. showed that. as between
gravel and Portland cement concrete, for the same ;peed there
was a difference of 2 miles per gallon, the speed on co’ncrete
being about 40 miles and consumption one gallon for 18 miles
This means that, on gravel, compared with cement concrete the
increase in cost is 121 per vent. ’

4.5. For an assumed annual running of 14,560 miles, the
total cost of operation was 0.51 cent per mile hi,gher on g;r)avel
than on concrete roads®. The total corresponding cost of
operation on concrete was 3.24 cents per mile and thus the
gravel roads showed an increase of 15.7 per cent of total cost 28
against concrete roads. This conclusion compares reasonab]
with the Iowa results given above. y

4.6. A co-operative project* produced results on operatin
costs for four identical new vehicles, two being operated 01%
gravel a.nd two on concrete. During the course of 260,000 miles
of running, the average petrol costs on gravel were fo’und to be
ten per cent higher than on concrete, oil costs 40 per cent higher
tyre costs 100 per cent higher and repairs 150 per cent higher’
Tyre punctures on gravel, compared to concrete were ix% the
ratio of 49 : 1 while cylinder-bore wear was twicé as great d
connecting rod bearing wear almost four timeg as greatg o

4.7. According to an estimate made by Agg ®
on the side of conservatism to assume that %’he %ﬁanglg fv;gg:}dog:
type of road surface to the next higher type saves the automobile
about one eighth of the operating cost of the lower type. This
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amounts to 0.8 cent per mile of travel for the average automobile
on the basis of 1931 operating costs. The saving in operation
cost of commercial vehicles on paved roads was estimated at 5
cents per vehicle per mile of travel,

4.8. According to the estimate of the U.S. Joint Committee
on Economic Report ¢, operating costs on earth roads would be
approximately 2 cents per mile higher than on gravel, and 2
cents per mile higher on gravel than on paved surfaces,

4.9. In order to appreciate the magnitude of these savings
relative to total operating costs, it is necessary to know also the
total operating cost of each type of vehicle. The latter doubt-
less varies depending upon the mileage run, rate of taxes, etc., but
for an overall picture the figures of total operating costs of
vehicles on different high-type surfaces, given by Lawrence
Lawton 7 stand as follows:

TaBLE 3

Operating costs, cents per mile

Passenger Light Heavy Tractor
cars trucks trucks trailers
Congested business
streets 5.6 8.7 13.3 21.2
Through city street 4.5 6.7 10.0 16.1
Semi-expressway 3.7 5.7 8.5 14.0
Expressway 3.3 5.0 7.7 12.7

4.10. An estimate made in the U. K. indicated that the
annual saving of the British Road Transport would be as much
as Rs 125 crores if a programme of road construction and
improvement aggregating to Rs 720 crores was undertaken. In
addition to substantial reduction in operation and maintenance
cost, the life of the vehicles is increased and there is reduction in
evaluation losses. The reduction in evaluation losses was

- estimated at 40 per cent in Belgium recently 8, With motor

traffic an increase in mileage per gallon of fuel is possible with
adequately surfaced roads and the resultant annual saving was
gstimated in a small country like Belgium at Rs 13 crores,
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5. INDIAN EXPERIMENTS

5.1, 1In order to bring to light the effect of the condition and
type of road surfaces on the cost of operation of motor vehicles,
the following conditions were imposed on the Indian experiments

proposed to be conducted by the various State Transport
Undertakings :

(i) The experiment is to be carried out for a period of 3 to

4 full years at least. The period may be longer but on no
account should it be less,

(i) Each undertaking should choose 6 routes all on simjlar
terrain. All the 6 routes should bé of very nearly the same
length and should be such that one or more buses can be run
exclusively on those routes. The 6 routes chosen should have
the following surfaces and conditions of surfaces :

(1) cement concrete, good and average,
(2) Dblack-topped, good and average,

(3) water-bound macadam, good and average.

A good road means one which is in very good condition
throughout, allowing a speed of 30 miles or more for the light
motor vehicles. If portions are bad on account of repairs or

otherwise, such lengths should not normally exceed 10 per cent of
the total length.

Average condition means that the road is in g deteriorated
condition and cannot allow a speed of more than 20 miles
throughout its length. It would be desirable to ensure that no
changes in the surface condition and type are made which might
vitiate the experiment. The road should be maintained in the
same standard of surface and condition.

(iii) On each route at least one vehicle should be carmarked
for the experiment. All the vehicles for the experiment should
be of the same make and type and year model. If only one
vehicle is put on a particular road it must be new*. If more
than one vehicle is put the other must be an old one @.

(iv) All the vehicles for the ex
new tyres of the same size and m
experiment, If tyres of two mg

periment should be fitted with
ake at the beginning of the
kes are used then half of the

does not run more than 20,000
jor item of repair.

* A vehicle being defined as new if it
miles in all and it has not undergone any ma,

@ This being defined as one which has run more than 60,000 mi
less than 100,000 miles. .000 milos and
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tyres must be of one make and half of the other: The same u}a.lke
of tyres on each should be fitted later on one side of 1.7he vehicles
(i.e. one in front and one or two as the case may be in the rear
on each side). Changing over of the tyres shoul'd be. done syste-
matically at almost the same time on all the vehicles in all cases.

(v) The spare tyres may come into the experiment M}l:d
they may be of any make but the spare tyres should.not e
changed over with the experimental tyres. If at any time due
to puncture or some other reason the spare tyre has to be fitted
then it should be replaced by the experimental tyre as early as
possible and a note should be kept recording the mxlea.g? run in
the meantime so that necessary corrections may be applied.

(vi) The milometer should be in good working condition
during the whole course of the experiment.

(vii) Tyres for all the vehicles should be properly inflated
and maintained at the same pressure. ," If a difference of pressure
between the front and the rear wheels is required then this
difference is to be maintained in all cases.

(viii) Vehicle defects which might affect tyre life should be
remedied quickly.

(ix) A tyre should be treated as worn out when the treads
on it are not visible. The milages for which each tyre runs
before it becomes unserviceable, i.e., when it is worn out or it
bursts or receives a cut which cannot be repaired, should be
recorded.

(x) In unavoidable circumstances a particular vehicle may
be replaced by another of the same make, age group and condi-
tion. In such cases, if unavoidable, care shou}d be taken to see
that there is no difference in the specifications pf the engine
carburettor, etc., and also the tyres of the o}d vehicles should be
fitted to the new one so that the experiment in regard to the tyre
may be continued. In case a vehicle _is only tpmpqranly out of
service for repairs, etc., and a substitute vehicle is put on the
road in its place then the performances by the latter shoul'd not
be taken into account for the ‘experiment since the prlgmal
vehicle would be deemed to be still in service but running only
zero mile during the temporary period of suspension.

(xi) The same make of oil and lubricants should be used
throughout in all the vehicles, Their grade may, however, be
changed seasonally. But this should be done at aimost the
same time. Abnormal engine oil leakage should be attended tq
cprefully.
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(xii) The vehicle engines should be kept in good condition
by resorting to periodical check-ups.

(xiii) The issue and maintenance programme of spare parts
should ensure the vehicle maintenance in a satisfactory condi-
tion, All necessary repairs should be carried out in time.

(xiv) Drivers for the experimental vehicles should be good
and experienced and they should follow correct driving methods.
They should maintain safe maximum speeds. There should
be a rotation of drivers in order to eliminate the drivers’ effect
go far as the experiment is concerned.

6. DETAILS REGARDING THE ACTUAL EXPERIMENT

6.1. The imposed controls enumerated above, however, had
to be modified in the licht of useful comments received from
transport operators and experts and also in the light of experie-
nce gained by the Transport Undertakings in the course of the
survey from time to time. As a result of this, it was felt impe-
rative that

(i) The scope of the experiment should be extended to
earth roads also.

(i) The length of the routes chosen should not be limi-
ted to a range of 90 to 150 miles but may be much
less, if necessary. This was particularly important
in the case of concrete surfaces of which long stret-
ches are not readily available.

(iii) The effect of road surfaces on the depreciation of
the vehicles should also be taken into account. This
would, however, take a long time to study from the
experiment but necessary data be made available

by the Bombay State Road Transport Corporation
from their records.

(iv) The conditions of roads should be defined with
referepce to the transport vehicles themselves and
not with reference to private cars. The dividing
line would be at a speed of 30 m.p.h. A surface
permitting, as far as possible, a continuous speed
of 30'm..p.h. would be treated as ‘good’ and one
permitting only a lower speed as ‘not good’.

6.2. The TUttar Pradesh State Transport i
started the experiment in December 1955 and %ﬁ: Boglli)i?taéigzg
Road Transport Corporation started the experiment in March
1956. The U.P. State Transport Undertaking have put 7 new
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Leyland 46 seater buses on six routes, viz.,, 1 concrete, 4 black
top and 1 W.B.M. of good surfaces while the Bombay State Road
Transport Corporation has put 4 new vehicles Kew Dodge 40
seaters on 4 separate routes having surface of concrete ‘good’,
black top ‘good’ and W.B.M. ¢good and bad’.  The Undertak-
ings have been collecting daily data of mileage travelled,
consumption of fuel, lubricants and spare parts and tyres. In
all, 11 vehicles have been put on the roads for the experiment
but the number of independent combinations of the various
conditions availablo in the State is somewhat limited. All
the vehicles used in the experiment are new, according to the
definition having run less than 20,000 miles at the commence-
ment of the cxperiment. The actual mileages run by these
vehicles at the commencement of the experiment are as follows :—

UP. 4412,4122,3333,8700,6186,2000
Bombay 234,203,486 and 349,
The U.P. vehicles are all Leyland, of 203 in. W.B. and the
Bombay vehicles are Kew Dodgeof 190 in. W.B. All the vehicles

are run on diesel and consequently the experimental results
would rest on diesel vehicles only.

7. RESULTS OF THE EXPERIMENT

7.1. With a view to scientifically examining the question
of savings in vehicle operation, cost of various types and condi-
tions of surfaces, the two State Transport Undertakings in U.P.
and Bombay collected daily data of mileages travelled, consump-
tion of fuel, lubricants, spare parts, etc., in the form of six
statements eliciting the following information:

Statement ¢ A’: Particulars of roads on which experiments
are being conducted.

Statement ¢ B’: Particulars of vehicles.

Statement ¢C’: Spare parts consumption statement.
Statement ‘D’: Daily fuel consumption statement.
Statement ,E’: Daily lubricant consumption statement.
Statement ¢ F’: Tyre consumption statement.

7.2. Copies of these statements are given in Appendix 1.

8. FUEL CONSUMPTION

8.1. The following Table gives the average miles run per
gallon of fuel by the vehicles on the different roads in Bombay
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for the periods for which data are now available, Table 4. The
overall average miles run per gallon of fuel and the fuel cost in
pies per vehicle mile are also shown for comparative study.

Taur 4
Monthly fuel consumption—Bombay

{miles por gallon)

Month \ (m )fu‘i $ z:oo'tl { W é;(ff)‘dM‘ A bgd M
1656 March 17.16 16.41 — 13.65
,»  April 18.20 16.41 — 13.40
,, May 17.07 15.80 - 13.40
,, dune 16.50 1583 . 16.20 13.24
., July 16.04 15.51 15.40 12.63
., Aug. 15.80 16.30 13.80 12.69
. Sep. 16418 15.70 15.04 14.18
,,  Oet. 17.35 15.80 14.90 13.05
,» Nov. 17.39 14.94 13.40 12.006
., Dec. 17,57 14.41 13.52 13.60
1957 Jan. 18.90 15.20 13.60 122
,, Fob. 17.80 14.20 L300 12.80
,,  March 18.40 14 .50 13,00 12.50
., April 18,20 14.10 14.10 12.30
., May 16.60 12.80 15.30 11.40
. Juno 17.30 12.50 14.20 11,10
 July 15.43 13.98 1357 —_
. Aug. 16.51 12.06 15.18 12,50
., Sep. 16,22 16.28 13.04 12.80
., Oct. 17.11 15.30 13.80 13.10
,, Nov. 13.80 14.90 14.10 15.20
., Dec. 15,20 15,30 14,40 14.40
1958 Jan. 14.70 15.40 13.60 1380
., Peb. 15.00 13.00 14.30 13.90
,, March 18.00 13.14 1290 1178
., April 15.32 1t.40 11,94 1174
,, May 14.60 13.21 10.90 12,70
,, Junc 14.3¢ 13.75 .67 1140
Average in mile per gallon 16,37 1457 13.94 lhwz.so —
SRR T
Cost in pies per vehicle mile 17.40 19.76 20.68 22,60

N.B. The cost figures given in the last row of the Table a

re baged
commmon price of fuel of Re 1.50 per gallon. on &
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8.2, 1t is clear from the above Table that the change of
road surface from bad water-bound macadam to good cement
concrete reduces the fuel cost per gallon from 226 pies to 174
pies which means a saving of fuel consumption to the extent of
about 25 per cent. 1i we restrict the comparison between water-
bound macadam surfaces, good and bad of the Bombay State, it
is found that a good conditioned road would save about 10 per
cent of the cost incurred on bad conditioned roads in respect of
fuel consumpiion. The results, however, indicate that good
conerefe sufaces influence the fuel consumption to a significant
degree as sompared to good black top surfaces. Amongst the
good black top and good water-bonnd macadam surface, however,
the difference is not 8o well marked ac far a3 fuel consumption is
concerned.

8.3. 'The data regarding fuel consumption in Bowmbay ex-
periment also reveal the extent of increase in the consumption
of fuel with the increase in the age of the vehicle. In the course
of abount two years of experiment, it is seen that in almost all
the routes of Bombay, the mileage per gallon of fuel consumption
has come down by about 2 ta 3 miles. A detailed study has been
carried aut by taking monthly average figures giving the number
of miles travelled per gallon of fuel for each month in natural
order and finding out the correlation coefficienty between these
figures and the natural number1,2,3 ete. indicating the order of
the month. In all the cases, the correlation coefficient come out
as negative indicating that the mileage travelied per gatlon of
fne) consumption decreases with time and since the values of
these coefficients were found to be statisticaily significant, it can
be concluded that even during this short period of experiment,
the age of the vehicle has got an appreciable influence on the
consumption of fuel.

8 4. Qut of the seven routes chosen for the experiment in
U.P., one route namely, Gorakhpur-Mabarajgan} having surface
conditioned as kankar has undergone substantial improvements
during the course of the experiment. The data for this ronte
have, therefore, been kept separate and have not been
given in the present analysis. Table 5 gives the average
mileage run per gallon by the vehicles in different months on
different rouds in U P.  The overall average miles run per
gallon of fuel and the cost in pies per vehicle mile have also been
indicated at the bottom of the Statement.

8.5. The results of the experiment in U.P. compare favour-
ably with those in Bombay. For instance, superiority of the
concrete surfsce in influencing fuel consumption comes out
clearly in the results of U.P. experiment also. As regards fuel

7
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TABLE 5
Monthly fuel consumption—Uttar Pradesh
(miles per gallon),

‘ - ",:: ’ Biacktop —good
i —
Month D3 a8 R Atede, 52 lGorkne
e [ 5SS 5T Chak | SEE ! hure
| Pt 54 o 2 Me 16 gL | pur
X w | 18 <% ; ghat &5 % ! Kasia
S N0 B R Rl
1955 December 18.00 16.40) 16.20 1520 14.66 15.41
1956 Jannary 18.20 16.30 16.40  16.40 16.00 15.30
,, February 19,090 16,70 1630  13.50 16.40 16.07
., March 1070 1720 1680 1600 1640 1754
,, April 1870 1710 1700 1565 1624 18.64
,, May 1860 1700 1640 1600 16.10 18.27
., June 1770 1700 1540 1440 1600 1617
., July 1700 16.60 1620 1420 1600 17.42
.» August 1730 « 15.80 1580 14,40 15.20 17.27
,» September 17.50 15.80 1580  14.40 15.05 16.82
,» October 17.70 16.30 1530 15.20 15.70 17.16
,» November 16.80 16.10 15.00 15.13 15.40 17.56
»» Deccmber 16,40 16.40 16,70 15.10 15.30 17.13
1957 January 17.30 17.00 16.40 1430 15.20 16.38
., February 1730 1670 1620 1380 1320  17.63
,, March 1/.40 17.00 1700 16.60 15.70 17.97
.. April 17.70 16.70 17.00  16.33 15.90 17.16
.. May 17.20 - 1700 1560 1630  17.82
. June 1680 1690 1670 16,10 1570  10.9}
. July 1710 1710 16.00 1626 1550 1661
,» August 1690 1730 17.30  — 16.16  17.95
. Septenlber 16.60 17.30 16.80 —_ 15.50 18.03
,»  October 16.70 17.30 16.90 15.60 16.20 19.64
., November 17.10 17.70 16.70  16.06 16.10 17.14
.» Decomber 1760 180 1670 1500 1570  16.77
1958 January - 18.00 18.20 16.90  15.35 15.36 17.80
e Febnmmy 18,10 18.40 17.40 15.58 15.57 17.93
,» March 18.20 18.60 1790  15.90 15.70 18.17
,, April 17.80 1810 1790 1650 1578  17.36
,, May 17.80 17.70 1740 16.06 16.33 18.48
,, dJune 18.00 17.30 17.20 16.36 16. 3 1~.01
,, July 17.80 17.30 1730  16.30 16.20 16.91
., August 17.00 1620  16.20 15.38  16.31 16.77
,, September 1650 1600 1590 — 1616 17.14
Average in mile per gullon 1759 1702 1668 1552 1588 1750
Cost. in pies p.v.m, 16.38 1691 155 1-55 1818 16.45

N B, The cost figures given in the lust row

. of the above Table
based on a common price of fuel of Ks 1,50 per gallon, . are
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consumption on blacktop good roads there appears to be con-
siderable variation in the performance of the vehicles on the five
routes in U P. The average fuel cost in pies per vehicle mile
increases from 16.5 on Gorakhpur-Kasia route to 18.6 pies on
Allahabad-Chakghat route. Rigorous statistical analysis suggest
that though the vehicles are running on the same type
of roads, the amount of variation observed in the rate of
fuel consumption cannot be ignored. This point was examined
in detail and it was found that the variations were primarily due
to the reasons that Mirzapur - Robertsganj road has hilly gradi-
ents in a certain portion which adversely affect the oil consump-
tion of the vehicles. Further, the vehicles coming from Chakghat
to Allahabad have to pass through congested portions of
Allahabad town and have to negotiate two major bridges which
are fairly long and narrow for the traffic and buses have con-

siderable difficulty in crossing the bridges and have to do so in
low gear.

8.6. While the results so far obtained prove the superiority
of the high-yrade surfaces, one can hardly overlook the necessity
of extending the scope of the experiment by including some bad
conditioned roads and hilly roads. There is on}y one bad road,
i.e., water-bound macadam ¢ bad’ in the experiment conducted
in Bombay and in this route the load factor again is relatively
much less as compared to those in other routes. The average load
factor on the water-bound macadam ‘bad ’ route is about 60 per
cent as compared to 70 - 75 per cent on other routes. Thus the
findings given above though may be sufficiently helpful for
finding out the cost of operation in different types of roads,
namely, concrete, blacktop and water-bound macadam but
necessarily have limited validity in respect of condition of roads
for which very little data are available. This matter has been
taken up by the expert Committee and the scope of the experi-
ment is now being extended to hilly regions. Nevertheless, it is
necessary to include some bad or at least fair type of modern
surface roads for wider inference,

9. LUBRICANT CONSUMPTION

9.1. The variations in the lubricant oil consumption of the
the vehicle plving on different rountes in Bombay and U.P. are
relatively small as shown in Tables 6 and 7.

The costs in the consumption of lubricant oil are not usually
reduced with the improvement in type or condition of the
surface. In fact, it is extremely difficult to estimate the small
difference in the consumption of lubricant oil due to the type
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TABLE 6

Lubricant consumption—Bombay

(Cost in pies per vehicle mile)

Period ‘ C. C. good ! B. T. good ‘ W.B.M, good | W.B.M. bad

March '36 to
August '56 2.02 1.87 1.80 1.86
(6 months)

Sept. "56 to
Feby. '37
(6 months)

(31

P

[$
—

L
[

1.67 1.46

March '57 to

August 57 2,19 2.26 2.04 L70
(6 mionths) v

Sept. ’57 to

Feby. ’58 2.15 1.84 1.96 2.11
(6 months)

March ’58 to

June 38 211 1.90 2.40 2.84
(4 months)

Overall

March ’56 to 2.11 1.96 1.94
June *58

(28 months)

1.98

and condition of the route from the experimental data. The
expert advice of the oil companies of Bombay was also sought in
this connection on the subject. The general views were that
there are other factors like types of oil filters and crank-case
ventilation, etc., which are more responsible for this than either
the condition or the type of the surface.

9.2. It is, however, noted that on the average, in respect of
lubricant oil consumption, Bombay vehicles are costing double
than those of U. P. It was found that the vehicles in Bombay
are having more frequent oil changes than the vehicles in U.P.
In Bombay the lubricant consumption on the average in a
month comes to about seven gallons for a monthly mileage of
3,300. The vehicles (in Bombay) are having oil change on the
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TaBLE 7
Lubricant consumption—Uttar Pradesh

(Cost in pies per vehicle mile)

............ C. C. Good Blacktop............
A Agra- Agra- Alleha- |Mirzapur-| Gorakh-
Period E gm-h Mathura | Mathura| bad- | Roberts-| pur-
tawa 1) (2) Chakyghat| ganj Kasia
i
Dec. ’53 to
May 56 0.91 1.02 1.01 1.15 1.62 0.95
(6 months)
June ’56 to .
Nov, '56 1.03 1.08 1.06 0.94 1.17 0.97
(6 months) .
Dec. 56 to
May ’57 0.76 1.22 0.99 1.02 1.18 1.20
(6 months)
June ’A7 to B
Nov. 57 1.03 - 140 0.86 0.84 1.05 1.47
(6 months)
Dec. '57 to
May 5% 1.28 1.23 1.56 1.00 1.87 1.22

(6 months)

June 58 to
Sept. '58 1.63 1.38 1.59 1.32 1.36 0.83
{4 months)

Overall

Dect,?.;ﬁ to 1.08 1.21 1.15 1.04 1,34 1.11
Sept. '58

(34 months)

N.B. The cost figures given in the last row of the above Table are
based on & common price of Rs 4.50 per gallon of lubricant.

average twice in a month to the tune of 2.5 gallons each time
and the top-up per month is about 2 gallons. The comparable
figures in case of U.P. eome to 3 gallons for oil change which is
generally done once in a month and 1.75 gallons top-up. I,
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therefore, follows that while the top-up in the two cases does
not vary much, the lubricant oil change is about double in the
case of Bombay as compared to U, P,

10. TYRE CONSUMPTION

+ 10.1, Table 8 shows the life of tyres on different routes as
revealed by the experiments conducted in Bombay and U.P.

TanLE 8

Tyre consumption - life of tyre in miles, Bombay

) ‘r
C. Cogood | B.T. good | W.B.M, good
|

< 47,340.85 22,169.5 15,776.9

40,000.15 22,169.5 13,7769
49,090.15 25.432.5 15,776.9
49.090,15 23,432.5 9,613.5
49.000.15 25,4325 16,513.9
19,000.15 23,4325 19,832.3
22,169, 13,694.0
L]
20,089.5
10,700.6
Average lifo of a tyre (in mile) 48,798.60 24,034.1 13,308.3
Jost in pies per tyre mile L77 3.59 5.64
Cost in pics per vehicle mile 1£.62 21.54 33.84

10.2. Taking the vehicles in Bombay, it is found that the
wear and tear of tyres is less with the improvement of the type
of surface. In fact, the figures of the Bombay experiment bring
out that the life of the tyres used on concrete ‘good’ road is
treble that used on water-bound macadam ‘good’ roads. The
results of the U.P. and Bombay experiment confirm that the
wear and tear of tyre is much less on concrete ‘good’ roads in
India. The average life of tyre on concrete ¢ good’ road as found
from U.P. data, compares very favourably with that of Bombay,
the figures being 50 and 49 thousand miles respectively. The life
of tyre on blacktop ‘gocd’road in U.P. is varying b tween
30,000 to 40,000 miles and is consistently higher than that on
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TaBLE 9

Tyre consumption - life of tyre in miles, Uttar Pradesh

'
i

Black top
C.C. good . 1
Agras | Apra. | A ' Mi -| Gorakh-
gra gra- _ I Mirzapur- Gora
| Etawsh I Mathura | Mathura . Chﬁ}:(}hatz Roberts- | pu.-
@ | 8h8Y  eanj Kasia
47,893 32,472 35,516 50,499 32,368 17,843

51,838 35,210 32,306 41,972 35,320 36,080
52,486 34,830 38,122 42,719 36,038 33,100
52,490 26,078 29,410 28,419 36,249
52,490 20,494 22,416 41,448 40,969 42311
50,931 34,681 33,255 43,606 40,666 40,068

49,532 24,837 31,407 34,807 32,280
42,832 24,364 22,777 . 24,656

38,617 38,147 34,216

43159 41,089 34,627

44,093 39,063
42,031 35.258
43,117 39,526

6,499 36,239
34,881 '

Average life 50,0615  32,806.0 33,657.0 41,609.0 34,208.0 34,2770
of a tyre
(in mile)

Cost in pies 1.72 2.63 2.57 2.08 2.52 2.52
per tyre
wile

Cost in pies 10.32 15.78 15.42 12.48 1512 1512
per vehicle
mile

Note: The above figures of cost in pies per tyre mile are based on
uniform price of Rs 450 per tyre.

the same type of surface in Bombay, which comes to about
24,000 miles. In terms of cost per tyre-mile or vehicle-mile the
above conclusion remains unchanged. Since the load facter and
other conditions of water-bound macadam ¢ bad ’ road in Bombay
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are not comparable with those of other routes, the data for that
route could not be utilised for valid comparison,

11, SPARE PARTS CONSUMPTION

11.1. The consumption of spare parts as revealed in the
experiment is very much influenced by the type of surfaces.
With the increase in the age of the vehicles the consumption of
spare parts is also increasing considerably. In some cases the
life of engine and other costly parts are lately coming into the
picture. The following Table gives the consumption of spare
parts on different types of routes in Bombay : -

TasLe 10

Spare parts consumption (excluding batteries and tyres)

]
[ Cost in pies per vehicle-mile
i

Period | C.C. good B.T. good W.B.M., good

— - S— —- - l - ——
March ’36 to August 56 (six months) 1.90 1.93 Nil
Septr. *36 to Feb. 37 (six mounths) 1.47 172 3.63
March '57 to August *57 (six months) 9.65 1.94 7.56
Septr. ’37 to Ifeh. *38 (six months) 1.00 6.12 21.31
March ’38 to June ’538 (four months) 0.42 12.81 4208
Overall March *56 to June 38 (28 months) 3.01 4.28 12.42

Though the effect of the different types of surfaces has come
out prominently in the above figures, the pattern of consump-
tion of spare partz has, hoyvever, not  yet stabilised. The
experiments are, therefore, bring continued for some more time
so that conclusions in respect of Spare part consumption and
tyre-life can be made on a firm basis.

12. CONSOLIDATED PICTURE

To sum up, the experiments conducted by Bombay and
U.P. State Transport Undertakings have clearly brought
out the amount of reduction in the cost of operation of motor
vehicles in different types of surfaces. A consolidated picture
is given below:
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Variable operation cost in different surfaces

Type of road surface

‘ Conerete  Blacktop  W.B.M.
i good good good
i

(approximate cost in pies per vehicle-mile)

Fuel 17.0 18.5 20.5
Lubricant 1.6 1.5 1.5
Tyre 12.0 15.0 30.0
Sparc parts 3.0 4.0 12.0
Total variable cost in pies per

vohicle~mile 33.5 39.0 64,0

The above figures of fuel and ld@bricant oil are bascd on a
common pricc of Rs 1.5 and Rs 4.5 por gallon and of tyre
Bs 450.0 per tyre. As the experiments are still in progress no
attempt has been made to estimate the fixed cost and correlate
the reduction in the cost of operation with the overall expendi-
ture. With the extension of experiment in the hilly regions and
on different conditions of roads it is hoped that wider inference
can be made with validity in respect of reduction in the cost of
operation for varying condition of roads.
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Statement-C

Month,ivinena 195
Appendix 1

Spare part consumption statement
Experiment for assessing the cost of operation of motor

Vehicle No, Make of vehicle: Teyland
vehicles on different types of road surface

Name of route on which the vchicle was run:

Statement-A &
& , ‘ . -
| \ . 2| o 4
Month,...eoi. 195 . | Datoof : Nameof spare | New (N) or = Cost of =4 :’
S.No, jissueof the . paris issued to |reeonditioned E the part g d
Particulars of routes on which experiment is being carried on i spare parts | the vehielo (R) 5 | issued ]
. . SR el e
8. No, | Name of Route | Tié’:(lof Condition of | Running time for
' l route miloage | e road surface I a single journey
‘ |
- 2
Statement-D
Statement-B
- M crerrenenen 193
Month...o.. RS onth 195 .
Particulars of vehicles Daily fuel consumption statement
Vehiele No, Make of vehicle: Leyland. Type of fuel in
!. =& g T L@ uso : diesel
| ‘ 22125 sSg £z |7 2| . . .
| P2l 82 %A taiws 5 TR ow Name of route on which the vehicie was run :
o lE g ¥rigs 1S90 &8% o fzTigsli| &
(S |2 2|82 95T | EE gre owe |58 8w ; ]
. 4 : == 2] P L 0 ~
Sl dlwisg&® e T gé S He ! 28| 4 S Fuel Milos | Average | Cost of fuel !Remarks
Ay AL RILE. SE 2158 Lz SRS 1EE “ Date |consumed in| = -, | miles per| consumed i oany
| /Ao ZOE | 8e wsC | % 8% La % w8 S w gallons ‘\ gallon Rs. As, Ps. ¥
o = - P o 2
; 183 ¢ ; *,:4% R QO) Sl =8l g 3 !
* mgd B2 |AZ ZE % |AE|E | A
= = ey 1 <
! v w2 e ¥ O i om B~
1 7B SO A

* It would bo the date on which the oxperiment - i
the vehicle on the route sclected for the pui'pose. vas started by putting
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Statement-E
Month,,,...,..,..105 ,
Daily lubricant consumption statement

Vehirle No. Mako of vehicle: Leyland
Name of route on which the vehicle was run:

. Cost of |
. = Uin ;vdllo}\q covered rnl](Pn consumed ¢ if any
w | RREeTE o Rs. As. Ts. |
Statement-F
Month............195 . RESEARCH SECTION
i - 'T‘yrn . . Date of .
Vechicle No.......... S. No. No, Size | Position fitting
Make : Leyland 1
Name of route on which
the vchicle 'was ope- 2
rated
3
4
5
6
{ . ;
) I No.of tyre P Miles covered i
“z Date | removed from . *UrPose of | by the tyre at ' Remarks, 3
- | vehicle , removal the time of | if any :
| removal |

T i
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1. INTRODUGTION

It is a common observation that when compacted soil is
allowed to come in contact with water, the moisture content and
the volume of the mags increase. The phenomenon is known as
swelling. It is of considerable importance in engineering
construction because the swelling of soil results in the loss of
shearing strengih which contributes greatly to the bearing
capacity of soils.

The swelling is mostly attributed to the different grain size
fractions, and each particle exhibits this property to a different
magnitude depending upon its size and clay mineralogy. That
is why the causes of swelling for sandy soils, clayey soils, and
predominantly fat clays may be different in each case. Since
the swelling caused in sandy or silty soils is very small as
compared to the fat clays, the word swelling is invariably used in
this country for soils such as black cotton soil, or red earths.
As already mentioned, all clay particles do not exhibit the
same degree of swelling and, therefore, this type of phenomenon
cannot be attributed to the colloidal nature only. ;

When clay swells, a lot of pressure is developed resulting Jin
the damage to the structure. The swell pressure of clays varies

* Central Road Repearch Institute, New Delhi.
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considerably from place to place depending upon the climatic
environments, It has been observed!, that black cotton
soil in a certain part of Burma exerted a swell pressure of
about 1 ton per sq.ft. as a result of rain effect over-night.
In Texas”, a swell pressure of about 3.2 tons per sq. ft .has becen
reported. In Nigeria, which abounds in montmorillonite type
of soil, a swell pressure of 1L.5 tons® per sq. ft. has been
recorded.

Since the texture of soils under the foundations of buildings
roads or runways would change at frequent intervals, the swell
pressure will also be of widely different nature, causing a more
serious damage than if soil with a uniform texture existed all
along the length. Many buildings in South Africa* have failed
not on account of uniform high swell pressure but on account of
differential swelling.

2. CAUSES OF SWELLING

Research work has been going on in various countries to find
out the reasons for swelling of clays, and onc of the reasons
which has been more or less universally accepted is the swelling
characteristics of the clay mineral. On the basis of structure
clays have been divided into three main groups, i.e., kaolinite
illife and montmorillonite. Out of these, the montmorillonito is
the most swelling type. The outstanding feature of the montmo-
rillonite structure is that water and other polar molecules such as
certain organic molecules can enter between the unit layers
causing the lattice to expand in the vertical direction. The
vertical axis dimension of montmorillonite is not fixed but var-
jes from 9.6 A° (where no polar molecules are between unit
layers) to 21.4 A° (where four molecules of water are absorbed)
resulting ultimately in complete separation of the individual
unit. It is on account of this that montmorillonite is termed ag
expanding lattice clay while others are termed as fixed lattin;
clays. Attempts have also been made by some workers® 1;0
explain the causes of swelling on the basis of ncgative pressure
created on desiccation which is neutralised when dry soil comes
in contact with moisture and swells. Yet another view held b
some workers ® in India is that swelling of soils is a funection o);
the surface area since montmorillonite clays have surface area of
about 250-300 sq. cm/gm of soil as compared to kaolinite which
has 8-10 sq. cm/gm the former type of clays exerts ver
much higher swell pressure than the latter. y
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3. TESTS FOR IDENTIFICATION OF SWELLING SOILS

A number of methods are known which can identify mont-
morillonite from kaolinite. Important amongst these are:

(i) Base exchange capacity

The base exchange capacity of montmorillonite soils is about
40-100 m.e.;100 gm. as compared to illite which has 20-40
m.e./100 gm. and kaolinite which has only 3-20 m.e./100 gm.

(ii) Silica sesquioxide ratio
The silica sesquioxide ratio of montmorillonite clays is

higher than kaolinite. The former has silica sesquioxide ratio
of above 3 whereas the latter has generally below 2.

(iii) Differential thermal analysis

The montmorillonite clay has a peculiar D.T.A. curve
widely different from kaolinite.

(iv) Electronic microscope

The electronic microscope has also been used successfully to
distinguish between montmorillonite and kaolinite.

(v) X-ray

The X-ray photograph can be used very successfully for
identifying clay minerals.

(vi) Surface area

The surface area of montmorillonite clays is almost 30-40
times that of kaolinite clays. The surface area can be deter-
mined by & number of methods such as vapour pressure, glycerol
ether method, etc. It can also be approximately determined
from the degree of absorption of a colouring matter.

4. THE LABORATORY INVESTIGATION

4.1. To study the effect of various factors which influence the
swell pressure of a black cotton soil, a detailed investigation wap
carried out. , g

~ Black cotton soil of India has been identified as predomi-
nantly montmorillonite? and oonseguently of a swelling "typs.

9



546 UpraL AND PaArniT OXN

Since the soil is scattered over a big area, it varies considerably
in plasticity index and fraction coarser than 200 U. . sjeve.
¥or purposes of this study the medium type of soil was selected,
the physical characteristics of which are given below :

Sand por cent
fraction

. . Liquid Moy it Shrinkage | Optimum
coarseri“é"“{ Cl/“-‘/‘)(l)’_j" et iy | L l‘ill:"l‘gfy limit moisture
fggl?r‘ii) Ungl SO e cont o per cont content

sieve
12 45 53.5 J0.2 0.0 15.0

4.2.  Method Adopted for the Determination of Swell Pressure

The method of determining the swell pressure in the past
consisted in putting the seil in the consolidation apparatus and
finding out the over-burden pressure which could stop the swelling
when the sample is allowed to come in contact with free water.
The method was considered to be fairly laborious and time
consuming. Subsequent work on the subject carried out by

various workers ® had simplified the method and the same has
been adopted in the study.

»”

4. RESULTS OF INVESTIGATIONS

5.1. The following aspects of the problem have been studied
in the laboratory :

(i) The effect of degree of compaction on the swell
pressure,

(ii) The effect of height of the soil on swell pressure.

(iif) The effect of initial moisture content of the soil on
the swell pressure on saturation.

(iv) The effect of confinement on the swell pressure.

5.2.  Effect of Density on the Swell Pressure

Tt has been mentioned by various workers that swell
pressure of clays depends upon void ratio but no detajled data
about the exact swell pressure at varjous void ratios by different
soils has so far been reported. This aspect of the problem was
investigated by compacting the soil to dry bulk densities ranging
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from 1.35 t0 1.75. As it is not possible to compact black cotton
soil conveniently beyond 1,75 density in the field, the studies on
densities higher than this were not carried out in the laboratory.
Blocks were prepared by compacting soil at optimum moisture
(15 per cent) ina mould 2.5 in, dia. The height of the specimen
was kept at 2.8 in.  The freshly compacted blocks were allowed
to be saturated by keeping the base in contact with free water.
The maximum swell pressure recorded at saturation is given in
Table 1 and plotted in Fig. 1. It will appear from the results
that for the same height of the block, swell pressure increases

Tasrr 1

Showing the effect of increasing densities on
the swell pressure of black cotton soil

Density in gm/c.c. Swelling pressure in Ib/sq. in.
1.35 0.5
1.40 0.8
1.45 1.6
1.50 2.4
1.55 3.5
1.60 3.4
1.65 8.0
1,70 10.5
175 12.4

with the increase in dry bulk density.

that for low densities upto 1.5 gm/c.c., the swell pressure is very
small, that is, about 2.5 1b per 8q. in, but as the degree of compac-
tion is increased beyond this there is an abrupt rise in the swell
pressure so much so that at 1.75 the swell pressure is about
12.5 b per 8q. in. The results have a practical bearing on the
use of black cotton soil in the field as it indicates that in areas
which are likely to get completely dehydrated and hydrated, it
may not be advisable to compact the soil to a high density with
the object of attaining increased load bearing capacity, as is
generally done with alluvial soils. The relationship between
swell pressure and dry bulk density has also been expressed on
semi-logarithmic basis in Fig. 2. It will have the advantage that
mathematical relationship can be worked out for swell Ppressyre

It will further appear
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Swelling pressure in 1lb/sq. inch
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Fig. 1. Effect of dry bulk density of soil on swell pressu
re

1.5
S 1,65
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1.3
1.35

Density im gm/e

1.25 &
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Swelling prassure $m 18/sq. ineh.

Fig. 2, Effect of dry bulk density of soil on swell pressure

reproduced on semi-log hasls

_static load.

SwrLLING PRESSURE OF CLAYS 549

at va.rio'us densities if values for only two densities are known.
It is, however, not possible to comment in detail for want of

similar data on other types of black cotton soil.

5.3. Effect of Height on the Swelling Pressure of Soil

To find out the effect of height on the swelling pressure of
soil, the following experiment was conducted :

The soil was compacted in a mould of 2.5 in. dia. at
optimum moisture content to a density of 1.6 gm/c.c. The
height of the sample varied from 1.2 in. to 13 in. (3 to 33 cm.) by
compacting a known weight of soil to a particular height under
The swelling pressure of the various samples was
determined after the compacted blocks had been saturated. The
results of the tests are given in Table 2 and reproduced in Fig. 3.
It will be seen from the results that as the height of the block

TABLE 2

Showing the effect of height of soil on the swelling
pressure of black cotton soil
Density of soil block = 1.8 gm/c.c.

Height in inch Swelling prossure in 1b/ sq. in,
1.2 2.1
2.8 4.5
. 44 6.2
8.0 8.6
8.5 12,5
10.5 16.3
12,0 18.5
13.2 20.5

under test increases, the swell pressure also inoreases, which’
means that swelling is proportional to the depth of the same
and is a cumulative effect of expansion of each layer. The
results have a far reaching effect as the mere determination of

swell pressure of the varioys soils in the laboratory will not give
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13.2

12.0
10.8
9.6 4
8.4
7.2
6.0 -

L8 d

Height of sample in inch

3.6 1

2ely 4

3

1.2

36 9 12 15 1 @ 2
Swelling pressure in lb/eq. inch

Fig. 3. Effect of height of soil on swe]] pressure

any comparative idea unless the depth to which each soil lies in
the field is also known.

5.4. Effect of Initial Moisture Content of the Soil on the Swell
Pressure at Saturation

Since swell pressure is a function of the degree of saturation
the laboratory tests are normally carried out by taking int(;
consideration extreme limits of moisture content. The dry
block is allowed to absorb moisture and swell pressure is
determined when it is completely saturated. These extreme
conditions of moisture are, however, not always likely to exist
in actual field conditions and, therefore, the laboratory results
are likely to be high and unreal. In mogt of the cases, the soil
as it lies under the road base may not desiccate comple’tely and
also may not get saturated completely under adverse moisture
conditions. The actual swell pressure will, therefore depend upon
the climatic conditions of the ares and, therefore, the same Ia;oil
will be exerting different swell pressures at di’fferent places
With the object of knowing the effect of particular range of
moisture on the development of swell pressure, the black cotton
soil under investigation was compacted in g mould as used
previously. A number of blocks of different densities were made

SWELLING PRESSURE oF CLAYS 551

at different moisture contents. These blocks were then allowed
to get saturated and swell pressure was determined. The results
for dry bulk densities of 1.6 and 1.8 are given in Table 3 and
reproduced in Fig. 4. It will appear that swell pressure for initial
moisture content of 3.6 and 9 per cent for this particular type
of soil is the same. But beyond that it decreases as the initial
moisture content of the block increases, till at saturation no

TABLE 3

Showing the effect of initial moisture content on the
swelling pressure of black cotton soil
(a) Density 1.6 gm/ c.c.

Initial moisture content Swelling pressure in 1b/sq. in.

k)

2.8 9.9
6.5 9.7
9.5 9.0
114 7.8
15.5 4.8
18 . 3.5
22.5 0.6

(b} Density 1.8 gm/c.e.

Initial moisture content Swelling pressure in lb/sq. in.

2.8 20.9

1.5 20.7
10.5 ' 19.5

12.2 15.8

14.8 . 121

18.0 4.9

18.5 3.7

19.5 1.9
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Fig. 4. Effect of initial moisture on swell pressure

! of soil when allowed to saturate

swell pressure is observed. This is true both f
densities of 1.6 am_i 1.8 except that the valuesoof svgzlldrzesgzik
at all stages of moisture are higher for higher densities P e

It can be inferred from these f

moisture between which a black cot\tong:;ﬁsurt;g:: :}}112 bl:sltlsg?)f °
road fluctuates during the year is a governing factor in th&
development of swell pressure, e.g., when the moisture of thes 'Gi
changes from 18 to 22.5 per cent for a density of 1.6, the swgil
pressure developed is only 2.9 b per square inch whéreas if th

soil at the same density had desiccated to 9.5 pex" cent moistur:
and then got saturated as a result of fluctuation of water table
or other reasons, it would have developed a swel) pressure of 9.4 1b
per square inch. The intensity of swell pressure fur.th

increases with the rise in density, i.e., the same soil at leg
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‘This means that so long as moisture variation of soils is within
their shrinkage limits, no swell pressure will develop, and beyond
that, swell pressure will depend upon the difference botween a
particular moisture and saturation.

5.5.  Effect of Confinement on the Swell Pressure

The effect of confinement on swelling pressure was investi-

gated in the laboratory by compacting black cotton soil at
optimum moisture in the C. B. R. mould. A number of samples

were similarly prepared and allowed to saturate under swell
pressure measurement assembly. The confinement in each
sample was varied by enclosing the loaded area, which consisted
of 1 in. diametor plate, with annular plates varying in outer
diameter from 2 in.—6 in. (6 in. being the internal diameter of
the mould). Tests were carried out at three different densities of
1.65, 1.75 and 1.82 gm/cc. The results are given in Table 4
and plotted in ¥ig 5. It will appear ,from the results that the
swell pressure increases as the area of confinement increases.

Tavrue £

Showing the effect of confinement on the swelling
pressure of black cotton soil

Swelling pressure in Ibfeq. in.

Confinemnent Coe o e -
in sq, in. | Donsity Density Denasity

‘ 1.82 gm/c.c. 1.75 gm/c.c. 1.85 gme.c.
Nil 60 48 39
.35 84 B0 48
* B3 102 73 63
11.8 125 92 6
18.8 140 112 102
27.3 135 1 112

This is true of all densities. It further appears from the trend
of the curves that the effect of confinement is practically the
same on the swell pressure irrespective of the dry bulk density
to which- a -soil is compacted, e.g., the increase in. swell
pressure with a confinement of 6 in. annular plate is almost 2.5
times the swell presgure at no confinement. This is true for all
degrees of compaction. : T
10
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Swelling pressure in lb/sq. inch

<36 1 oo 1.8 gm/c.c,
’ - 1,75 gm/c.c. (
24 i

b 1,65 pm/e.c.
12 4

6 2 18 2 3'0 3'6
Area of confinement in sq. ineh

I'ig. 3. Effect of confinement on swell pressure

The results have far reaching effect on the design of roads,
airfields and floors of houses constructed in black cotton soil
areas. Since the swell pressure increases with the area of
confinement, more thickness of pavement shall have to he
provided in the centre as compared to the sides. The actual
difference in the thickness may have to be determined for each
bype of zoil ut natural density.

In some black cotton soil areas of Burma and South Africa,
progressive heaving of floors in the centre has been observed in
a number of cases. It was thought* to be due to the higher
moisture content in the centre as compared to the sides.
On actual investigation it was, however, found that the varia-
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tions were not large enough to cause differential heaving. The
progressive heaving can now be explained on the basis of above
experiments, i.e., the centre being confined by bigger areas had
resulted in the development of higher swell pressure in the
subgrade as compared to the sides.
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SYNOPSIS

A review of work done on behaviour of steel joists encased in concrete is
given and a new rapid procedure for caleulation of the ultimate strength of
oncased standard steel joists by means of tables such as Horne’s tables is
proposed. Such a rapid method becomes useful for design of shear connec«
tors for encasged steel beams for bridges and other structures.

Results of actual tests made at the Civil Engineering Department,
Indian Institute of Technology, Kharagpur, substantiate the proposed
procedure.

1. INTRODUCTION

1.1. Steel frames of multi-storeyed buildings are generally
encased in concrete for fire protection, architectural beauty and
weather rcsistance. Similarly, composite beams with shear
connectors are extensively used at present for economical design
of bridge floors. Such type of construction has also application
in reservoirs, strengthening of bridges, etc., the steel joist often
being supplemented by the addition of reinforcing rods.

* Indian Institute of Technology, Kharagpur,
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1.2, The encasement not only adds bo the stiffness of the
steel joist against premature failure by buckling in compression,
but it also assists in strengthening the stecl beam, the strength of
a composite beam being much more than that of the -plain steel
beam.

1.3. Even though recent codes of practice for buildings
have recognised the stiffening action of encasement by allowing
a greater compressive stress to be used in the design, the contri-
bution of concrete to direct strengthening of the beam is still not
recognised in these codes. Detailed recommendations have becu
laid down by AASHO for design of composite beams for bridges.
These state that composite beams should always bc used only
with proper mechanical shear connectors.

1.4. These shear connectors for composite bcams are
specified to be designed so that full composite action is to be
retained at all levels of loading up to ultimate loadst. Moreover,
the true over-load capacity of these beams for accidental over-
loads can be computed only from a knowledge of their ultimate
load carrying capacity. Hence, a quick procedure to evaluate
the ultimate strength of these beams is desirable. This Paper
gives a brief review of investigations on c¢ncased heams and
presents a procedure for quickly computing the ultimate
moment of resistance of u given composite beam madc of any
stundard steel joist and concrete cover or slab with the use of
tables like that published by Horne for plastic moment of
resistance of steel joists under compressive loads .2

2. BEHAVIOUR OF COMPOSITE BEAMS

2.1, If a composite beam is loaded to failure, three separate
stages may be noticed in its behaviour.

2.2. In the first stage the beam is elastic. The distribution
of strain and stress are both elastic throughout the beam. The
end of this stage is reached when maximum stress in the beam
reaches the yield point value,

2.3. During the second stage of loading, yielding of beam
spreads from the flanges to the web and the stress in the concrete
enters plastic range. (This is possible as the strain at the
commencement of the yield of steel is of the order of 0.0015 and
that of concrete is of the order of 0.003, well above the yield
gtrain of steel). The load increases throughout the stage of
loading and deformation increases at a rapid rate. At the end
of this stage, concrete crushes and fails. TLe corresponding
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maxim is ¢ ' im: i i
o l;ea‘:nn.l moment is called tho ultimate carrying capacity of

: 2.4 After crushing of concreto, the beam can still carry a
oad lower than the ultimate in equilibrium. TLis Jast stage can
be looked upon as the third stage of loading,

3. HISTORICAL REVIEW

€ 1 -
Us %\l The first 2eries of tests on encased beams were made in
GIQ i . H
bm:lit . \(1)n l.lLT t}o give guidance for the strengthening of some
y corroded bridge girders. Later, Japanese investigators

examined the effects of encaso i isti
s soment 1n resisting eart
shocks. & hquake

: 3.2. In Engln._nd, results of short term loadings and sustained
oadings were published by Batho, L%sh and Kirkham in 19398,

3.3, Theoretical investigation and laboratory tests were
made on shear connectors (194Y) in the University of Illinois
under Seiss and rules for the design of these shear connectors

were evolved*. Approximate method i i
. 3 of ultimate an
also presented. e analysis wero

3:4: In 1951 Jones® carricd out a series of tests on encased
steel joists with small concrete cover of I in. to 3 tn. as is done
In fire proofing. He found that the contribution towards increase
In ultimate strength by concrete was large.

4. SUMMARY OF FINDINGS BY THE PREVIOUS
}NVESTIGATIONS

4.1. Experiments by Batho and Associates

4.1.1. Batho’s experiments (1938) were mostly confin
steel joists (4in.x 1% in.at 5 1b) enease)sd in concret};. ($in. ?l(ci)v::
aggregate and water cement ratios of 0.59 and 0.74 giving 5500 1b
per sq. in, and 3100 Ib per sq. in. concrete were used.) Both short
term loa.dl_ng to destruction on 15 specimens and sustained loading
at approximate working load on 13 specimens were made,

4.1.2. The beams were provided with excessive cover without

. dny special form of shear cohnectors. Hence, most of the beams

in the short term loading tests failed by bond slip.

4.13. As a 1esult of these tests, the followi i
ore e AS ) ollowing conclusions

11
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(@) U bond is sulficient o o

(h)

The flexurat and axj
with theoretical values,

The concrete encascnient s ul

stresses,

in the steel,

(c)

4.2,
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i B ensure composite action, the
stressc.s in the elastie stage in composite beams muy
be estimated by the methods wsed i reinforced cone
crebe. : :

l,_h(, !«',n.st m the composite boam iy in general subjected
bo axial and flexuraf stressey, The flexural resistance
uf~ the joist is mueh dreater than that of vrdinary
z‘cmtor(:emrfnt, and may he a considerable propartion
of total resistance to Lending.

al sbresses from experiments compared

80 under axial and Hexural

the axial force being equa) and opposite to axial force

Large tluctuations and sudden change of stress oecurred
in the beams tosted yndor sustained loads out of
,d‘oors due to temperature and moisture changes.
These showed the importance of efficient anchorage,

Unless the hond streys i« sinall (5040 69 1b per sq. in.)
mechanical devices should he :

curporated for proper
anchorage.
r 1 M
The bond between the vertical plate and concrete is

usually good hut it w

\ a8 found weak an the undersig
of horizontal plate. °

Experiments by Newmark and Associates 1936.54

Alarge number of pull-out tests, model ¢
- it el tests and ;
tests werc made at the Umvmity o’f inaig A Iull scale

nature of

and to determine the ultimate strength
observations were made -

()

‘ to determine the
1g0 of shear connectors
at failure. The following

compaosite action, rujes for dos

The analysis of COmposite step}

and concre
the usual transforme te beam by

d area method is sati
_ : ) 2 me : isfactory g
long as both the materials remaip clastic a,n;l thel{a ig

no slip between these materials.  Transformed

method is not applicable (i) whon iher(; is 8li o
the int,.e:r:u't.ion hetween stap) and c-.oncrcfn li% ‘ing o
lete, (if) for estimating {he nltimate ]m(f : N
capacity, ' T cartying
Bond  between conerote

: s and  steel
provide an effective sutlacos may

shear connectioy 80 long as it is

(c)

(d)

()
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present.  Results of both laboratory and field expori-
ments have shown that bond cannot be relied upon as
a permanent shear connector. Also, as the deflection
at ultimate load is appreciable, the concrete tends
to separate from the steel surface so that it is
recommended most strongly to provide mechanical
shear connection in all beams designed for composite
action,

Tents demonstrated olearly the great toughness and
reserve of strength and deflection after yielding
possessed by these composite beams in which the
shear connectors were adequate to provide almost full _
composite action to failure. In order to accomplish
this it is necessary to provide shear connectors that
will not yield or otherwise permit large slips until the
ulbimate capacity of beam is reached. The factor of
safety of the shear connection should be greater than
that of the beam itself.

Shear connectors can he divided into three categories:
(1) rigid connectors consisting of channels, angles or
tees placed on end, (ii) fexible shear connectors
consisting of plates or of channels with one flange
welded to the beam, and (iii) bond connectors.

Even though rigid connectors are superior to flexible
ones from the point of slip, they have the disadvan-
tage that they do not resist uplift as efficiently as the
channel or 7 type flexible shear connectors, Investiga-
tions revealed that flexible shear connectors behaved
like dowels embedded in an elastic medium producing
less bending moments in the web of the connector
than in rigid ones and producing high bearing pres-
sureg behind and at lower portion of the connector.,
A rough method for design of channel shear connec-

tors for ultimate loads has also been evolved,
Appendix T,

The ultimate moment carrying capacity of a compo-
site steel and concrete beam with full interaction can
be computed by assuming (a) compressive stress in
concrete slab at failure is uniformly distributed and
equal to cylinder strength, (b) concrete takes no ten-
sion, (¢) full yielding oocurs across the steel beam sec~

tion, i.e., the stress reaches yield stress aocross the
seotion 1, '
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4.3. Tests by G. A. Jones (1953)

4.3.1. Jones tested 12 encased beams with moderate cover

zhto 3 inches to study their behaviour under load. He observed
at:

(a) When a steel joist acts together with the concrete
encasing, its behaviour under load can be predicted
accurately by the equivalent moment of inertia.

(b) When an encased beam is under load, the joist is in
general subjected to a flexural and axial force, the
flexural force being of much greater value than in
normal reinforced concrete. The axial force depends
on the percentage of concrete which is added and it is
the rate of change of this force which gives rise to
bond stress. The bond stresses are low compared to
those met with in R. C. and are unlikely to govern the
strength of the beam, and hence no mechanical aids
to bond are required with small percentage of conerete,
Allowable bond stresses may be taken as for R.C.

() At a maximum stress of 10T per sq. in. in the tension
fibres of the joist, the concrete eracks do not cxceed

.25 mm, thus giving adequate protection againsg
corrosion.  Under existing allowable stresses it is not
possible to calenlate by clastic methods a greater

working load for the encased section, sinee concrote
stresses arc relatively teo high.

5. PROPOSED PROCEDURE FOR DETERMINATION OF
ULTIMATE STRENGTH OF ENGASED BEAMS

5.1. From the above investigations it is clear that encage-
ment of steel beams not only adds to fiexural rigidity of the steel
joist, it also adds to its strength. In ordinary steel sections the
ultimate moment of resistance is not attained unless ’ the
compression flange is specially stiffened against buckling. Even
nominal encasement will, however, stiffen the joist and help it to
attain full plastic moment. Hcnee, in cncased steel beams, the
steel section can be assumed to attain its full plastic moment of
resistance.

5.2. In addition to the stiffening action, encasement adds
to the strength of the joist. The following assumptions, which
are generally used in R. C. and steel designs, may be used
to estimate this increased moment of resistance of encased
beams,
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5.3. Assumptions
(i) Concrete does not take any tension.

(ii) The ultimate compression developed in the compres-
sion zone of concrete is given by Co=  C,, b ny d, and
that this force acts at a depth of 0.4 n,d, (Baker)®
Fig. 1. The recommended values of « depend
on the cube strength [C,], 1t being

« = 0.5 for cube strengths over 8000 1lbs per sq.
inch and above.

= 0.55 for cube strength between 6000 and
8000 1b per sq. in.

=0.6 for cube strengths 4000 lbs per sq. in.
and below.

(iii) Concrete fails at a limiting strain. A safe value of
0.002 to 0.0035 which is well above the strain at yield
of steel (0.001 to 0.0015 appsox.)

(iv) Plane sections remain plane even after bending.

(v) The stress strain curve of steel in compression is the
same as in tension.

(vi) Stresses due to creep, plastic flow, etc., are small and
even though they may affect the stresses of composite
beam at elastic stages they do not affect the ultimate
strength,

(vii) Encasement does not reduce the plastic moment of
resistance of the steel joist. At failure, the joist is
strained to 1ts ultimate moment of resistance. This
value can be calculated on the assumption that full
yielding occurs across the section.

5.4, Basis of the Procedure

5.4.1. The extra compressive strength in the concrete in
compression can be considered as equivalent to adding an addi-
tional area on the compression side of the steel joist. As
suggested by Batho, the joist may be considered as under the
influence of & flexural and axial force, the latter being provided
by the concrete in compression. The magnitude of the com-
pressive force in concrete can be evaluated from any
of the ultimate strength theories in concrete as that due to
Prof. A. L. L. Baker.

5.4.2. The addition of this extra compression ‘area will
produce & shift in the neutral axis of the plain steel beam ; the
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shift will depend on the magnitude of the conerete cover and can
be evaluated from the condition that, in bending, the total tension
should be equal to the total compression. Depending on the
magnitude of the concrete cover, the neutral axis may shiflt to a
position inside the joist or outside the joist. In the latter case,
the joist acts like a reinforcement asin an R. C. beam and
protection against bond failure may be difficult. In the mors
usual case, the neutral axis at failure will be inside the joist
either in the web or flange. In such cases protection against
bond failure can be easily provided for by mechanical shear or
bond connectors. This casc is recommended in all constructions,

5.4.3. Then the total ultimate moment of resistance of the
encased joist is obtained by taking moments of the tensile and
compressive forces about the new neutral axis.

5.4.4. Any assumption regarding stress distribution across
the steel joist may be used (as, for example, the stress varying as
the stress curve for steel) but the assumption of full plastic
distribution of stress acfoss the section is both simple and
accurate for all practical purposes for rolled steel sections.
With this assumption, advantage may also be taken of the
tabulated value of the ¢ plastic moment of resistance
of the steel joists under compressive load” as that compiled
by Horne?. Table 1 gives these values. Then the total ultimate
moment of resistance is equal to the modified plastic moment
of resistance due to shift of neutral axigs plus the resisting
moment due to the compressive force in concrete,

5.5.  Procedure for Calculation (full Plastic Distribution of Stress

in Joist):

5.5.1. Step (1) Calculation of shift of neutral axis (Fig. 1)

Compression on concrete =« O, bn,d,
But n, dy = gmg
where shift in neutral axis = ¢

Equating forces oc €, b n, d, = 2 fy)x

[ area of steel in the
shifted distqnce. ]

=2 fy(s.t,) where t, = thj k
of web.l (Fig. 2)‘, 10kness

From' this the valye of the de

Jaated pth of neutral axis can ‘be
evaluated, )

coepre B2 o a6
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3 X Cu J,

T—T ——0\ o4n,d,
-~ B c
Wd, 9 ‘1 -

Ll . B A
3
A

Ll

5.5.2. Step (2) Determination of modified plastic moment resis-
tance of joist (modified due to axial force):

Axial comp. foree Y0, = « Cybn, dy
Ultimate axial force in joist = fy. A
(v

= " .. (in Table 1
n y. A7 (i )
” ifi i i resistance
Then the value of M", (modified plastic moment o
due to axial force)is a function of » and can be read off from
Horne’s tables. — Refer Table 1.

5.5.3. Step (3) Calculation of total moment of resistance

Total moment of

resistance of en- -
ased jeist = M", - AM (due to compressive
cased Jois p force in concrete).

ey = —F3—5-

TR — = RS

| —
oy~ -

Fig. 2

A M = Moment of the compressive force about the C. G. of
the steel section = C ..k, Fig. 1.



Hos VARGUESE ON

TapLy |

Essric Movus O B-S: Secrions- Masor s

(a//iy M R Horne)

Beam |Grea|Ploastic | Reoluceod Valves of DM onder axias Zoace
Size () HModulvs.

Wyx:ﬁh) Lowey Value o n Zja:‘]‘ //zy/cr Value of 1

2xrg |ars | 2050 | 245i0-3420 0446 | 2 9(r-n)(n44en)
2Zny (2206} 712 | (1r2-zas4nt | o 458 1876 (/-1 )( 12 36+n)
Rox15 1219 1943 | 1943 -2057 ' |6 409 | 23 é3(-n) (1008 pn)
W ken 11902 08 1418 ~2030n° o 430 %63(1-n) (12 07¢n)
18x 8" 2353| %38 | h38-2vs7nt 10.339 | w07 gr-n) (10 220 n)
18" 7" {a2r09| 148 3 | sa3cauan® |0 339 |18 0si-m)iooren)
1856" [t6:18) 108 108:4 — 1558 1° | 0 025 |« 36 Coan) (03 4n)
16°x 8" {22-06] 138 6 1386 ~ as35n | 0.304 | 1551 (rar) (r0.03¢n)
@xoidisear| 10643 | 0623 ~ isvent | 0429 1435 (1-n) (.22¢n)
E'se@ | mm | 8829 | 8073 ~350n® 10.393 | 04s (ron)(w49r n)
156" N3] 7520 | 7520 - 4528 [0.3% | 1.70(m) (ngarn)
1505" fRa| 3% | 6319097 (0463 | 2.95 (1-n) (t041en)
1wxs" 12059 | uh 59 | 0459 ~23037% | 0269 | 1338 (=n)(9.33+n)
456U | 78] 8843 | Bah3-tho7r’ |0 363 | 1208 (1 n) (8 T2en)

wxéw {Gssl 7253 7253~ 154r2 | 0 368 | g.ov (n) (1yen) Photo 1

xs" . 29 - sl ) . under test
/3.,“5. 1030) 5048 | 5029 - 75 7"4 0398 | 385 (1-m) (woarn) i 6 in. encased joist with 5 in. top cover beam No. S,
AXE N2 | 92 46 | 92t wasnt | 0 26 | 1200 (1nyls sgin) 12 in. X .

1% 61589 7 12 7272126 3o
1%67) 11300 6o 46 | 60 46 - 105 70}
235" 1945) 4250 | 4250~63 748 | s 400 $U (-n) (N0 n)
158" 11618) 6565 | 6565~ k35A" | p 205 | 55 ¢ ") (9 2ren)
10%6" (077} 46 7% | 46 74 -9 ant| 0.253 | ¢ %9(r-n)(8 734m)
%5" 18 85} 33.¢8 33:69-54 4 10358 | 4 1 (-n) (9 101n)
/o."x/;;{ 73502807 | 2807—45:7 {0363 |3 7% (1-W) {1058 ¢n)
957" (47| 5348 | 5318 = 1352%° | 0 157 902 (r-n)(71g #n)
%4" |6/8] 2085 | 2085-3r877 | 0399 | 250 (=)0 0f rn)
rxe" 103013294 | 3294 ~r5 18] 0 224 4670 (in)( T.82¢n)
8x5" 1848|2580 | 25 80~ 4897 | 0280 | 340 (-n)(8 19en)
8%4" 1530| 402 | 602-250% |0 376 |1 882 (1~ n)( /0.26¢ 1)
74" Ya7s] (z.90 12.90 ~ 22.5n* | 0,323 | 159, n)( 9334n)
"% 8" 731} oo 1700~ 331722 {027/ |a 873¢(1-n){ 6.4141)
x4y (587 ] 1346 1346~ 234 7| o325 |2 0r2(i-n){ 7 53+n)
¢'r3" (353| gosi | Bosk~wsed [ 0837 | rasgrr-nya wrn)
5% |88 ) wess | nesa-~ 2980t 0192 |2 0T (1-m)(b-25+M)
5%3" 13261658 | 438-r203nt) 02930 929(¢1-n)( 7.76+n)
4grg 191 | 3335 | 3.335-506n* | 0.ag2 0-538(1-n)(743+n)
4% 3" |23 | 4539 | 4-539-8.00m | 0244 | 0. %34 (1-n){k Tt 1)
4oy, (147 2053 | 2153 ~30m* | 0400 | 53200 (-n)(8 00rn)
3'%3" [262) 2979 | 2879~ 7950t | 0475 |

0319 | /083(4~-n)(7 gorn)
033 | 731 (1-n)(955+n)

Photo 2
0 5%ed(1-n)(5-b8¢n)

. , . . . m
saip (008110303 | 1309206 x" | 0334 |0 24 n¢n)( 6 aaen) 1 12 in. X 6 in. encased joist with 5 in. X 36 in. slab on top (Tee beam)

porE . N Na gxial Fore
W)e Light, (] v Keavy [ s L Wk o e thvvsd

beam No. 6, under test
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Thus M'pe = M"p 4+ Co he

Where M'p, = Plastic moment of resistance of encase
joist. .

M,

It

Modified plastic moment of resistance du
to axial compression,

5.5.4. If conditions are such that the neutral axis falls out
sido the joist, the same principles may be used for computatio
of the ultimate moment of resistance. In this case, the ultimat
moment of resistance will be, as in R. C. design, the product o
the total compressive force in concrete and its distance fron
the centre of gravity of the steel sections. As remarked earlier, a:
the maximum shear stresses in a beam occur at the neutral axis
and as the neutral axis in this case falls above the joist in the

concreto, prevention of bond and shear failure in this case will be
difficult. .

6. ILLUSTRATIVE EXAMPLE

6.1. The following example illustrates the suggested
procedure of computation.

6.2. A rectangular encased joist is made out of a B.S.
12 in.x 6 in. section @ 44 1b with 5 in. cover on compression
side and 2 inches on all other sides. Determine its ultimate
moment of resistance if yield strength of steel is 19.0 tons per 8q.
inch and cube strength of concrete is 3650 1b per 8q. in. Thickness
of web =0.4 inches. Area of steel section=13 sq. in., Fig 3.

"

410 —>
T 3 A
5“
" —i p—— .
5 2 ) 19"
N, .
12 %6
e
2 v
Fig. 3

(1) Location of new neutral axis at ultimate load.
Leta be the shift of the neutral axis,

12
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Tt

Then &« C, bnd; =2 [y s,

3650
0.6 % 9940 X IO % (nyed ) =2x19.0x 0.4 {11-n,d, |
15.2x11
wly = = 6.7 inches

24.96

(2) Total compression)
in conerete at ulti- »
mate load )

9.76% 6.7
= 65.4 tons

(3) Ultimate moment of resistance of joist under axial load
of 65.-1 tons from Horneo’s tables

NGRS 0.96
Ny T 1sxlv = Ul
7" w2 6046 - L0AT w7 [from Horne’s tables —— Table 1]

= 53.26
M7y = H326 X 190 — 1012 in. tons
oA due to conerete - Moment ahout, €0 of stecl
Ak,
he = 4.3 4 (0.6x6.7)
= 8.3 inches.
AM = 6534%x8.3 = 543 in. tons
My = My AN
1555 in, tons
My of steel joist ~ 6046 x 19,0 — 1148 in. tons

107

4y Per cent increase -« " .
“ ; | N ET 100 . 35,4 per cent,

In an actual test, the beam testo - .
failed at & moment 701" ]7”(L) ]illf( Sb-tlfl(]lxllllfrllfliot]l.e ‘:L?)(‘)V?O Cond'ltlt(}m
caleulated value is due to part of tho.sm\(‘l ’| 1\31(,10(1.5:\, ]OVOr]Y t}lg
incr‘e:wnd stress due o strain h:u'(lmiin r " M'II“I I“< L; '“t?nfulll
counfirms the validity of the (:;lvlwulgu,'i()m ;,l-)] | 1 “'ﬂ . t]g
particular beam under test, 8. Photo 1 shows th
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7 RESULTS OF EXPERIMENTAL VERIFICATION

The suitability of this method of calculation was experi-
mentally verified by a number of actual tests in the Civil
Engineering Llaboratory, Indian Institute of Technology,
Kharagpur. Table 2 gives summary of some of the tests so far
completed. Photo 2 shows beam No. 6 under test.

TasLE 2

Comparison of test results with computed values

Ultimate moment

Beam

No Deseription Caleulated by Value
’ proposed determined
procedure by actual test

(1) (2) h (3) (4)

1. 4in. X 1% in. joist with  1in, 30 in, ton 63 in. ton
cover on all sidex

2. 4 in. X 1} in. joist with 2% in. 65, 80,
cover on top and bottom and
lin. cover on sides

3. 5in. X 3 in. joist with 3 in., cover 192, 200 |,
on top and 2in. cover on sides
and bottom

4. 6 in. X 3in. joist with 2 in. cover 194, 190 ,,
on all sides

3. 12 in. X 6 in. joist with 5 in. cover 1355, 1700,
on top and 2 in. on sides

6, 12 in, X 6 in. joist with a slah 2141, 2460,
5in, % 36 in. on top and 2 in.
cover on sides

7. 6 in, X 3in. joist unencased 10 ft 42, 104 in. tons

gpan and third point loading failed in buck-
ling in com-
pression flange

8. CONCLUSIONS

8.1. The above discussions show that encasement consider-
ably increases the strength and stability of steel beams at elastic
and ultimate stages. Table 3 shows the increase in ultimate
strength of standard beams encased with minimum cover for



74

fire precaution.

For

Showing increase in ultimate moment (M) of resistance of
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in continuous beams this

TawrLe 3

The increase in strength for properly designed
beams with large cover and for tes beams will be much higher.
indeterminate structures as
increase will be very pronounced.

steel joists encased with 2 inch cover

Assumod yiold stress of steel = 15,25 tons per sq. in.

jube strength of concreto

2250 pounds per sq. in,

Joist

‘MP of joist

M of oncased
i

Approx per cent

1\
! neh tous ‘T‘l‘(lrl';'(r)‘]i increase
l
(1 l (2) @ @
24 x73 3740 1315 16
22%7 2700 3184 18
20x 7% 2960 3380 14,2
20% 63 2165 2525 16.6
18 %8 2500 2840 13.6
18%x7 2260 25853 14.4
18%x6 1650 1926 16.8
16 x8 2100 2370 12.9
16 x6 (Heavy) 2620 1868 15.4
16 x 6 (Light) 1350 1593 18.0
13x6 1150 1350 17.8
15%5 1020 1215 191
14x8 1740 2030 16.6
14% 6 (Heavy) 1350 1543 125
14 %6 (Light) 1110 1288 16.0
13x5 766 930 91.4
12x6 (Heavy) 1110 1264 14.0
12x6 (Light) 920 1971 16.4
12x5 648 780 20
10X S 1000 112¢ 12.6
10x6 715 823 130
10%35 514 615 10.7
10x 4% 430 510 18.6
9x7 812 908 118
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TasLy 3 (Contd.)

| —
M p of joist M, of encased i Approx. per cent

Toist ‘ inch tons i:gi;tloor:]z ‘ increase
|

1) ’ (@) | (3) | (4)
9x4 320 396 23.8
8x6 502 579 15.3
8x5 393 464 18.0
8x4 244 308 26.2
7x4 197 231 17.8
6x35 260 316.8 22.0
6x41 206 261.4 26.8
6x3 123 160.5 30.2
5%44 178 216.5 21.6
5x3 96.5 126.5 . 310
4x1} 51.0 73.0 43.0
4x3 69.5 94.0 35.0
ax13 33.0 56.0 70.0
3x3 45.5 62.4 37.0
3x 1} 20.0 340 70.0

8.2. The procedure proposed is simple and quick and can
also be used for speedy calculation of ultimate strength of enca-
sed steel beams for design of shear connectors in highway bridge
floors.
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Appendix IX

A Note on Desigan of Channel (flexible) Shear
Connectors for Composite I Beams.

The following method after the method proposed by Viegt
and Seiss! may be used for design of shear connectors.

Assumptions

(a) Shear connectors arve required not ouly to transfer
horizontal shear from concrete %o steel, but also to tie
t!m slul: and the beam together in the vertical direc-
tion. Channel shear connectors fulfil these functions

(h)  These shear connectors are rigidly welded to the to
of the encased joists.  When the loads are applied to
the beam the greatest pressure is exerted againgt the
conerete at the nase of the connector. Tﬁe flexibl
web defleets as a dowel. Thus the (listributi(;n off}
pressure is as shown in Fig, 4,

Fig. 4

(¢) Failure of shear connector ocours cither
of concrete behind it or by the materi
connector rcaching yield stress,

by crushing
al of the shear

Theoretical studies have shown ¢}

) _ wat the i
in concrete behind the shear connect Jnaxtmum  strogs

or is given by

@
F 0=
€0 (h—-t)w - (D

) ="Total load on a shear connector

h=Maximnm thicknesy th \
J N of channol flange

t=Thickness of the web of the channel

w=Length of channel shear connector across the beam

1 5
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Nimilarly, the maximum stress in the channel shear con-
nector is given by

Moo Q0 9
I{Ina‘\wk;(ﬁ—l—lﬂt)w ®
, . 1.6
When K‘zfao 418
J'e

Jle=Cylinder (6 in. x 12 in.) strength of concrete.

As failure of shear conncctor occurs when f max reaches
yield stress (f yp), we can write cquation,

Q) yicld e 0.9 . .fg/'p' .

(h q:ziﬁ;’j;’/' . _{ /\/ Obl + l.b ,f,C cee 2 (a,)

which can be approximated for the usual values of fyp = 30,000

and f'c = 2500 to 5000 pounds per sq. in. to ‘
Qv _ [ fup h

(h-H38) wp'c e ' 2 (b)

without much error.

If we assume that all the force is transferred through
the shear connectors, then in the elastie stage

V A,y
Q = nl-’ s (3

s = Spacing of shear connectors
V = Vertical shear on a composite beam

A, = Cross sectional area of the portion of the concrete
above the steel joist,

#e = Distance between the centre of gravity of the

concrete slab and neutral axis of the composite
section

I = Moment of inertia of composite T beam computed
from the area of stecl beam and transformed area
of the slab

I,
i

We further assume that the value of () increases in
direet proportion to the shear on the section. This will give

approximately correct values on shear conncctors located at
portions where yielding has not occurred and somewhat lower

o=
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values where the vielding has
occurs at a few places and the o
i8 not considered critical.

occurred ;: but yielding generally
verstressing of a few connectors

@ yield = [ V ultimate b
Thus [Q destigri ] of conncetor = V design ] of beam

(4)

where F = Shear force

It is specified that for composite action the shear
connectors should be safe to ultimate failure of the beam so that
equation 4 can be written ag

(‘)Vyi<eld ] _ M (ultimate) ]
@ design’ M (design)
where M = Bending moment.

4 (a)

The value of M (ultimate) can be calenlated by the
proposed procedure. With»bhehelp of equation (4), (2) and (1), the
maximum force in the ghear connector (Q,,), the dismensions

of the shear connector (w, b, t) and the maximum stress {fco)
In the concrete can be checked,
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‘HOTFIX’® = goes a long way

New roads treated with ‘HOTFIX’
are durable, crack-resisting,
remain smooth longer. Naturally
they are safer for road-users,

The superior adhesive qualities of
*HOTFIX' are excellent for
repairing old roads too ; and

the repaired roads wear as

good as new.

'‘HOTFIX’ your roads and ensure
safety and comfort in road-travel.

McLeod & Co., Ltd,
3, Netaji Subhas Road,
Calcutea 1.

PSMet-1)
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ROHIN BRIDGE

An R.C.C. balanced cantilever type brid '

o R ge with a clear road widt Rk

bev bzt\tzg:s Cae:ctfra Iefngth of 430" made up of two end spant z\i !7;2

s o e cene e of pier and end of decking and three intermediate

oot e g o ween centres of piers; the bridge is flanked by R.C.C
abutments and return walls extending 40° 0" bey);md. t'he.

decking on each side

. The main bea
through a fixed lead sheet bearing and (T{SC‘”;S[ her e P B
The foundations consist of a 16’ 6" e
and abutment.

rocker bearings alternately.
outsi .
utside diameter well under each pier

Designed and constructed in 19
58
P.W.D. Buildings and Road;? Lucknc:jv.the roers of che Chief Engineer
° ¥
GAMM
ON INDIA PRIVATE LIMITED,

HAMILTON 1 CIVIL ENGINEERS & CONTRACTORS
OUSE - BALLARD ESTATE . BOMBAY-!

Telephone : 264511 (5 Jines) Tel ON
elegrams: ‘*GAMM )

e

———

p .

CONCRETE ROADS

CONCRETE — the perfect pavement
THE ASSOCIATED CEMENT COMPANIES LIMITED

iil

Increasing traffic calls for
fong lasting Conerele

Cost less to build than any other
road of equal load-carrying capacity
Cost less to maintain

Give long years of service

Give better visibility

Help to avoid accidents

puild to last with

ACC cement

~plenty available
at controlled price

The Cement Marketing Company of India Private Limited
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The wheel
of the wagon

is broken

How many wheels and axles break
during a year in cach village?
We don’t know.

But ve do know that there are
5,58,089 villages in Indix.

And that cach wheel takes time
to repair. And money.

For want of a nail, the battle waqs lost,

Faulty road surfaces
damage motor transport 1oo,

And that means heavier repair charges—
an estimated Rs. 10.ergros euch year.

Good roads mean a digect reduction in
the cost of vehicle operation,

And they bring indirect benclits, expressed
in terms of a higher standard of living,

Rosd construction demands
topmost priority.

That's why everything to do
with roads is so important,

Bitumen for example.

One of the better road-buitding materials,
Inexpensive. Easy to hande.
J.ong-lasting. Hard-wearing,

Supplicd by Burmah-Shell,

Burmah.Shel) Bitumen is backed by a technical service,

staffed by skilled engineers, whose job it is to assist in
the creation of roods, Goad roads. Cheaper roads.

THE BULK METHOD OFf DELIVERY, RECENTLY |NTRO-
DUCED BY BURMAH-SHELL, NOT ONLY ELIMINATES
DRUMS AND SavVES STEEL, BUT ALSO LENDS I(TSELF
TO MECHANIZED ROAD CONSTRUCTION. REME!.\BER,
BULK BITUMEN 1§ MUCH CHEAPER 1N INITIAL COST.

BURMAH-SHELL
BITUMEN

FOR BETTER ROADS

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

HAND OPERATED

GARLICK’S
BITUMEN DRUM
MIXER

Drum Capacity — 75 cu. ft.

Main Shaft -— on ball bearings
Mounted — on 3 Nos. or 4 Nos, C.I. Weels
Turning Circle — 7 ft. in radius

Complete with Fire tray and C.l. Grate
Head Office:

Contact : Jacob Circle,
: i
Garlick:Co. BOMBAY
PRIVATE LYD Branches:
COIMBATORE
MADRAS

NEW DELHI
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USE 100/ INDIAN ROAD TAR

FROM INDIAN COAL MINE

~>

THROUGH
INDIAN

CHEMICAL INDUSTRY

.
TO INDIAN ROAD

LAIDZ" PREMIXED CARPET WITH ROAD TAR
IN 1951 ON N. H. 34, NEAR SANTIPUR, WEST BENGAL

Bé\NhéAD HELP THE NATIONAL ECONOMY
L CHEMICAL & PHARMACEUTICAL WORKS LD
6, Ganesh Chunder Avenue, Calcutta-|3 -

vii

When Dunlop first opened an ofhce in
Bombav at the end of 1898, there was no
fanfare, no handouts, no headlines.

Just about 1o years carlier, John Boyd
[)unlol), a \'(‘l('l‘indl'_\' surgeon, had inven-
ted the first practicable pneumatic tyre.
With the opening of  the Dunlop
olflice in Bombay the pneumatic tyre
had come to India.

The old century was about to say
its quict farewell. Tagore had not
vet started work on “Gitanjali” and
Jamsetji Tata was yet to launch his
epic search for iron ore. There
was nothing, then, of the furious
bustle that marks our days.

Soon, very soon, all these
were Lo ('hangc as India was
caught up in the swilt
currents  of  20th-
century history.
Dunlop  has
moved with the
times and in 6o
years it has be-
come a ftamiliar
and intimate name
throughout the
country. The
Dunlop factory at Sahaganj has
grown to become Asia’s largest rubber
manufacturing enterprise, and this
sixticth year of Dunlop in India is
marked by the inauguration of a
new t)‘rc factory at Ambattur.

From the temple of Agasthyar near Ambattur

the long road to Ambattur

v oY
60 The Dunlop Rubber Co. (India) Ltd.

%, wonor &

e ne-508
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no trouble at all...

BITUMEN
EMULSION

... in one easy
application

Bitumen emuisions are ef-
cient 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,

SHALIMAR TAR PRODUCTS (1935) LIMITED

CALCUTTA  »  UELHI = BOMBAY « LUCKNOW o  CHANDIGAKH
Apents - The Bombay Co. Private Ltd,, Madras | & R.C. Abrol & Co (Private) Ltd., New Delhi )

MUSI BRIDGE

BRAITHWAITE & CO

(INDIA) LIMITED
HIDE ROAD. KIDDERPORE, CALCUTTA.
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Bhola and
his beast of burden

Bhola sold his produce personally,
using a donkey for transport. ..
until the day a Tata-Mercedes-Benz
truck was parked by the village square.
Since then, this sturdy Tata-Mercedes-
Benz has hauled Bhola’s and other
farmers® produce 1o the city every single day.
Quick and frequent deliveries to a better
paying market have trebled profits. Bhola now
finds that the Tata-Mercedes-Benz is a
‘star’ on the roads—-the fastest means of
transport at a low cost, more so, when
connecling remote productive centres,

Bhola continues to use his beast
of burden to bring his produce to the
Tata- Mercedes- Benz truck.,.

rhrn-mnnc::nns-nzmz

TATA lOCO(MOTIVE & ENGINEERING CO. LTD.
‘éytomoblle Div‘sion; 148, Mahatma Gandhi Road, Bombay -1
VAN

i

{
N

PATEL ENGINEERING COMPANY LIMITED

ENGINEERS & CONTRACTORS

DAMS, TUNNELS, BRIDGES,
JETTIES, CAISSONS,

ROCK-EXCAVATION,

Undertake

&°

HEAVY EARTHWORK, ROADS,

Construction of

FACTORIES, REINFORCED CONCRETE-

CONSTRUCTION, ETC.

i

United India Building, Sir P.M. Road, BOMBAY-]|.

Please contact:

255608

Phone:

TUNNELDAM

Gram:
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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.

N

N

. N

R

: N

. 3
N

% BURN LTD
L/

LIGHT AND MEDRIUM

STRUCTURAL FABRICATION

RCAD BRIDGES
STEEL FRAMES FOR BUILDINGS

TEA GARDEN STRUCTURES
ROPEWAY TRESTLES & STATIONS
CONVEYORS & TOWERS
BUCKETS & HANGERS
BUNKERS & CHUTES

ENQUIRIES TO -
STRUCTURAL DEPARTMENT
P.10, MISSION ROW EXTENSION

MCWC163

smpn CALCUTTA [ E——

DELHI BOMBAY KANPUR
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