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Paper No. 208
“ TRAFF]C SURVEY IN AND AROUND CALCUTTA”

By .
S. K. Laga *
A. K. Das Gupra ** and
S. CHATTERJEE +

Introduction
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Internal Traffic Study

Accidents

The Indian Roads Congress as a body

does not Recommendations

hold itself responsible for statements made, or for Conclusion

opinions expressed, in the Papers, Research and Infor-

G L o

Organization and Expenditure

mation Sections or discussions in its Proceedings, etc. SYNOPSIS

The Paper deals firstly with the study of external traffic on roads
leading to Caleutta city. For this purpose, traffic counts were taken
at eleven stations on the outskirts of the eity in September 1057.
A similar study was carried out earlier in 1950. The city was dlvuied
into various zones and the average daily traffic flow between the counting
stations and the wvarious zones was determined. Thus traffic flow
diagrams for daily traffic were obtained from which hourly average
could be deduced.

® The trafic flow on various important roads in the city due to
external traffic is then analysed and the effect of the proposed Greater
Circular Road in relieving congestion on other busy roads is shown,

The Paper then describes the study of internal traffic for whioh
traffic counts were taken at each important crossing within the oity
during rush hours. Both fast and slow traffic was counted and equivalent
fast traffic worked out. The traffic capacities of carriageways and
intersections of different internal roads are then analysed and various
improvements are suggested to relieve congestion in the city.

* Superintending Engineer, Presidency Circle, W & B Deptt., West
Bengal, . \

** Executive Engineer, Jalpaiguri Diviegion, W & B Deptt., West
Bengal, .

+ Research Officer, R & B Research Laboratory, Caloutta,
1
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1. INTRODUCTION

1.1. Job Charnock who founded a small s
banks of the River Hooghly for the limited Eztgt‘iliﬁxggi oor; 2%6
East India Company more than two centuries ago, could little
imagine that one day this settlement would grow, into ¥
the premier cities of the world. Unfortunately fro:)nnet}?f
unplanned haphazard growth spreading over two hu’ndred .
has resulted the inevitable chaos for the future plann years
f;helr efforts to improve the existing situation. The tremeerz -
increase of vehicular traffic in Calcutta has, for quite somell,' e
been a serious challenge to West Bengal’s Highway Engi oo,
and others who are trying to find a solution to this problen%meers

1.2. Al cities have expanded at & terri .
last few years. But unlikep others, the e:;lpﬁacnsgize o(}ult‘ilng the
of Calcutta has been restricted to only northern and e city
sides due to the physical limitations on the east and t%ollthern
Tab‘le 1. The low lying salt lake areas on the eastemefw-e“‘
of Calcutta make it practically impossible for human hab.tl‘u.:ge
there without substantial improvements at a huge cost 1hat10n
the Ganges forms its boundary on the western sid, whereas
city. The sudden growth of the city and more s ez‘ (l)lf the
surroundings since the second Creat War wgs lz y its
various industrial and commercial activities ’and to u? to
extent due to the heavy influx of refugees after the a.rt':' e
Bengal. The suburban areas of Calcutta are nowpd 1 1]on‘of
faster than usual due to the settlement of displaced oveloping
East Pakistan all round the city. Each and e\g e from
associated with the urban life of the city is bec()miery problem
more'complex every day. Inadequate wafer supply b’;ﬁ I(ilor.e and
creation of slums and blighted areas, scanty a.ccoxilmod ;?‘lnage,
resu'dence, and the ever increasing traffic con est? ion for
accidents a.re.the results experienced from this %a,stlon and
The real solution of these problems lies in the decent %-I’OW.th.
of commerce and industries for which preparation of ralisation
politan Regional Plan of Calcutta is essential. Ag a Metro-
golution of_trafﬁc problem which brooks no de.lay . :ef%ards the
was taken in 1950 and 1957 by the Development (’Ro &d chensus
ment in collaboration with the Poljce (Traffic) Dep&rta;n :I)]t epart-

l.i%. The Police Department of ¢
Bengal are quite aware of the sj i ioh 3

up i% the n%a.r future if the t:glf?; mgrcl,ezh;f,h ;icbom}d to crop
present rate and the creatior’ of traffic branch is tir;asimg il tl.xe
& very short time, they have shown rema.rka.le)ly. Within
ments in the reduction of street accidents an d: achieve.
_ congestion to some extent by imposing certain restriz:lixt;xg;s t(};g

[

he Government of West;
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!’:he slow moving traffic, introducing ‘‘ one way * traffic in. some
{mportant streets in the commercial areas, providing traﬁio
islands at some important junctions and crossings, enforcing
“traffic laws rigorously, installing automatic traffic signals
at all important junctions and crossings and also by way of
educational drive and propaganda campaigns. These improve-
ments have controlled the figures of street accidents since 1950
although the traffic volume has considerably increased since
then, Table 2.

1.4. To determine the extent of congestion and also other
factors relating to the flow of traffic, census work was first taken
up in 1950. The volume of traffic flowing in some of the most
important streets of Calcutta was counted and the impact of
external traffic coming in or going out of the city, which was
through in character, on the internal flow was also gauged.
Enumeration work was again taken up in 1957 (August &
.September) exactly on the same lines as before with a view to
;ompare the previous data with the present one and also to
" =scertain the present trend so as to project these data into
' the future planning programme with some amount of confidence
and accuracy. ‘

Growth of Traffic

The Table below shows the total number of each category of
vehicle registered in Calcutta only upto December, 1957,

S. No. Category of Vehicles Number

1.  Private Cars 43,745

2. Lorries 10,994

3. Contract Carriages - 963

4. Trailers 1,073

5. Tractors ' 137 FAST MOVING
6.  Big Taxies 668 \r Vg%l()%li\?oss—r
1. Baby Taxies 1,220 ’ )

8, Private Buses ‘ 883

9.  State Buses 640
10.  Motor Cycles 5,332

11.  Delivery Vans 995

12 Tram Cars 422 | .
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S. No. Category of Vehicles Number

13. Rickshaw (Pull Type) 5,996 1

14.  Hackney Carriages 350 ! SLOW MOVING

VE -
15.  Animal Drawn Vehicles 625 J 17%{3%%5

16. Hand Carts 10,045

From the graphical chart, Fig. 1, showing the growth of
traffic it becomes evident that with the increase of population to

Privare Ceas Loaaris P
Semrnmct Yo
Cantiansy il 1

.

.JLLLwL

=3

Growth of fast moving traffic in Calcutta during 1916-1957

the extent of 15 times during the last 40 years or so, th i-
cular traffic has increased no less than 130 times. » tho vehi

1t is, however, interesting to note that there has been a con-
siderable drop in the number of animal drawn carts (Fig. 2) due
to the introduction of lorries which have the advantage of quick
transportation, increased handling capacity, greater numberof
turn-over as well as economy. The animal drawn carts will
gradually disappear from the city with probable outlook for
better prospects. The rise in the number of lorries from 6 772 in
1946 to 11,000 in 1957 amply proves the utility of fast ,trafﬁc
The pull rickshaws have local importance and the replacement of
these by auto-rickshaws has already started in other citjes and it
may not be long before the pull rickshaws will be off the road in
Calcutta.

For short haulage and less bulky commodities in co
areas, the hand cart will still continue its stay for Sfm?eg(::g?g
time. Although hand carts are a menace to fast traffic, dealers
and sub-dealers prefer to tramsport their commodities ’by hand
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Growth of slow moving traffic in Calcutta during 1936-1957

carts as lorries and contract carriages cannot gain easy access to
narrow lanes and by-lanes. 1In any case, their withdrawal from
the streets will be facilitated if alternative employment is provi-
ded for the operators.

2. EXTERNAL TRAFFIG STUDY

9.1. External traffic enters Calcutta through the following

- routes : See Plate-1.

d (X,)
(1) Barrackpur Trunk Road (X,), Surya Sen Roa

from north and Jessore Road (X,) from north-east. All thﬁ
traffic of these three streets has got to enter the city throug
Skyhmbazar Rotary (4,), the main northern entrance of the
city.

9) Gariahata Road (X,) and Russa Road (X,) from the
sOutl(l-c)aast and Diamond (Hatlgbour Road (X,) and Budge Budg?
Road (X ,) from the south-west. All these roads have got mdegex.x
dent entrances to the city and thus ‘less congestion 1is foul']te :3
the southern region in comparison with the north in spi
the abnormal increase in traffic. .

X0
3) Grand Trunk Road (X,,), Old Banaras Road (X4,
Amtg.)Roa.d (X,) snd Andul Road (Xs) from the western o;
Howrah side. The traffic of these roads enters the city prope

through the Howrah Bridge.
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2.2. Traflic entering through the Howrah Bridge
fiiverted and it gnters the commercial centre di%ecizl)‘;.nopl‘llz:
Improvement required for dealing with the traffic at this point is
a matter of independent investigation which ijs being left out
from g;hltz prese(riltd_study.d Traffic statistics for Howrsh Bridge
were taken and discussed in Madhava’s Pa i
Roads Congress, Vol. XII (1948). per No. 127 of Indian

2.3. Traffic counts in the eleven stations on i
) _ th
of the city were made sxmultaneously for seven da;s ?:ﬁ%ltrlfs
13th to the 20th September 1957, vide Table 3. °

2.4. For determining the origin and destinati
within th'e city and probable tra.velg routes, thetl(gz;loga,: fl.tr.afﬁc
into various zones as shown in Table 4 and Plat (]liwded
traffic census recorded accordingly. From the countin ; o
have been' compiled and an ahbstrac worked out st
average da,xly' traffic flows (both up and down traf§ )b gthmg the
counting stations and the various zones of the oit eTv;'Ieen tho
given in Table 5, The local traffic such as v o3 are

hand-carts, rickshaws, ‘and cycles, for which origins an

here.

2.5. As the main roads run north an
obligatory crossings through which traffic must
various zones. For facility of consideration ’ Zpass b reach the

?

fore, been counted together dependin ones have, there.-
Table 6. P & Ol common traye] routes,

2.6. For drawing the existing av .
diagram, due to the external traffic oily, ?il; :%eofd;llllythtraﬁic flow
routes which the traffic would in general take to travelei) commop
particular part of the city and a counting station or 5 otween. g,
of the city have been ascertained. The existing 4 nother bax
for the traffic of all the stations are given in Ta,bl% ravel routeg
lity of indicating the flow diagramma,tica,lly the differe tor faci-
the city have conveniently been represented in the dr} parts of
the centres or vital junctions as given in Table 4 lagram by

2.7. Traffic flow diagrams for the .
X, X & X§), soutl}ern stations (X“XS’I‘;?:tile;(n)sta.t&ons (viz,
or Howrah side stations (X, X, X, & X, nath agl western
separately and then combined together to obtaijp 1;htien drg,wn
existing daily average traffic flow diagramg (for ext 6 requireq
only) between the city and the outside, The d; ernal traff,
seen in Plate II. lagram may pe

d south, there are.
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2.8, It may be seen here that out of 2,534 Nos. of vehicles
passing through the census station X, situated at Uttarpara on
the G. T. Road, on an average 869 are crossing the Vivekananda
Bridge at Bally and the remaining 1,865 Nos. take the G. T. Road
route through Bally, Belur, Salkia and Howrah. Since these 869
Nos. of traffic from the Grand Trunk Road after crossing the
Vivekananda Bridge have got to enter the city either through
the Surya Sen Road (X,) or Barrackpur Trunk Road (X,), they
must have been enumerated either at X; or at X,. As such, the
intensities of low due to this have not been taken into consi-
deration to avoid duplication.

2.9. From the study of diagram and Tables, it is evident
that out of 22,649 Nos. of total external traffic (Table 6), 10,952
Le., about 47.2 per cent pass through the three northern stations
(X4, X, & X;), of which the traffic on the B. T. Road itself
contributes 6,247, i.e., about 55 per cent. Only 7,118 Nos.,
i.e., 31.3 per cent of the total traffic relates to the four southern
stations (X,, X,;, X, & X,)and only 4,579 Nos., i.e., 21.5 per cent
of the total traffic enters the city through the Howrah Bridge.

When these figures are compared with the 1950 - figures,
Plate ITI, it becomes evident that the traffic entering the city
through the northern and southern approach roads has hardly
fallen but the intensity of flow through the western approaches
has increased considerably and, to be precise, the increase is from
9 per cent to 21.5 per cent. The important factors contributing
to such an increase are the intense road development activities
on the western fringes of the city and the construction of a large
number of local through roads.

2.10. All the external traffic from the north enters the oity
méﬁﬂy through Shyambazar Crossing.(4,) by Surya Sen Road,
Bestackpur Trunk Road and Jessore Road. The bulk of the

.fsath bound traffic from the northern side of the city is carried

* by the three city roads, viz., Chittaranjan Avenue, Cornwallis

Street and Circular Road.

2.11. The Cornwallis Street is narrow in comparison with
the other two roads mentioned above, having a carriageway of
only 43 ft-0 in. with two tram lines running in the centre, leaving
only one traffic lane on either side. The recent census figures
also show that the traffic on this road has neither increased much
In comparison with 1950 figures nor does it vary much during
rush hours, indicating that only short local traffic generally uses
this road. The Circular Road is broad and 68 ft-0 in. wide and
although two tram lines run on this road, we are still left with at
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least four lanes of traffic., The voli i
11.2 per cent of the total volume of t(})xl: Ie!:'zs:?m
using the Chittaranjan Avenue is "
idea of traffic in the three roads
in Plates IV, V & VI which will
the external traffic reaching Sh
Chittaranjan Avenue.

g(zhis road is only
: g (44). The vol

30.2 per cent and a compa.ral;?\::
may be obtained from the graphs
evidently indicate that most of
yambazar Rotary (4,) uses the

2.12. In order to find Sut the i
the:; intlerna.l traffic flow, the da.ilye al,\;m
external traffic counts are to be redu

ced to hourl i
si%ego 1};11;3,81; ithe ?xternal traffic remains apprecigb?: (fg:gzgr? ‘9 OI(;; o
18.00 hrs, (;:n, t}cl)g 2E;u;rzagourz, whic}l: also corresponds with tﬁg
] . s such, t i
of external traffic into hourly average Withorzggzszti)f‘eaatg)?::?age
ima-

tion, the figures are divided b i
takion o Chittaramian Anar ¥ 9. The internal counts of traffic

of 741 Nos. of vehicles at
The average of external tra
(both towards the city an
679 4 6,247 4 4,026

9 . = 1,222 vehicles per hour, Plate II.

pact of external traffic on
erage figures in the case of

d away from the city) comes to

2.13. The intensity of ext
76 15550 y xternal traffic beyond the crossing ig
9

— g =769 Nos. of vehicles (Plate II) leaving the business

commercial and industrial areas in z

nmerci ones B
maining is consequently for the northern i
Shed areas (A & Ax). Apart from the ntrt;,n
:ﬁnets B;ﬁ&fD and also to Hy, H,, H, & H

e traffic for south-western indl’lstrial a
ghe residential areas on the southern sidfae:: v‘vgf,aFaf & B Jyand
d }f:-‘g\g;ﬁ gcécgi,.ﬁehalq. a.ngl other areas (F, & @) t:-ke(;ritth Kid.
1ittaran ) ines 5 ¢

the Jan Avenue and the business areas of B &‘rée

C, Dc?z E. The re-
dustrial and Goods
affic going direct 4
) 1.e., on Howrah gjde

-— 9 2 ﬂ()s 4)' Velll(:les on an average peI hOlH are W t
- i fOI‘ o8
ern

areas of Park Circus (zones C & ¥ — Jn, III
taranjan Avenue is also the main traffic ro
traffic. The results show that in its most co
Mission Row Crossing the hourly peak ave

) and beyond. (h;

ute for the inter}rl)l:i

ngested portion negy

. rage 1s 1,720 Nos. of

motor vehicles (Table 10) out of which 2:956 |
9

traffic of external character, i.e., o

. . » l.e., out
through Chittaranjan Avenue 38.5 l;erOfce;l;e tOta'l, traffic fiow
nal traffic. Out of this, through traffic constitutes extep.

® give a peak average hourl
fSﬁhya,mba,z.a,r Crossing (Plaietr%ff%)c‘f
¢ reaching Shyambazar Crossiné‘”

= 862 Nos. is the |

to and from ¢y,

S
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southern areas of the city is 204 Nos, per hour as detailed below
(See Table 6) :

From X, to zone IV = g = 0

From X, tozones IV, V& VI = 467+1;7+141 = 37.

From X, tozones IV, V& VI = w = 64

L]

From X, to zone [ = lgf = 2

From X4 to zone I = 3%9_ | = 41

From X, to zone 1 = -QQL = 10
204

2.14. Figures for Shyambazar Rotary (4,) from internal

consus give (Plate VI & Table 10) ‘i:i?j”_;li@ ~ 1,073

5 422
motor vehicles per hour (peak average) and 1 ,’5_7,7_7%);;&3’ =

2,750 Nos. equivalent fast traffic per hour (peak average). Itisa
junction of five streets, viz., Chittaranjan Avenue, Cornwallis
Street, Upper Circular Road, R.G. Kar Road and Barrackpur
Trunk Road. Tram lines run on four of the roads excepting on
the Chittaranjan Avenue. A busy market is also situated there,
just on the north-east corner of the crossing which renders cont-
rol ¥f traffic more difficult. It is most desirable to reduce the
coifgjestion on the Chittaranjan Avenue as wellas of the crossing

_“iisteby by providing a second entry into the city from Barrack-

pur Trunk Road and Jessore Road which will conveniently be used
by the south and east bound external through traffic (zones 111,
IV &V) as well as the traffic to the central part of the city (zone
II) from Jessore Road. The present census figures give more
support to the findings of the 1950 census and it is impera-
tive for a second entrance to be constructed immediately as indi-
cated in the proposal made earlier.

2.15. The Calcutta Improvement Trust has already under-
taken development schemes known as New Manicktolla Schemes
which are almost complete. The road alignments have been
marked in Plate VII in dotted lines. It is also gathered that

2
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there is a proposal for development of Paik ]
Para area bet
Dum and Jess.ore Road by the Trust authorities. dL'I‘}fe v::fierrluln?um
gI 11)11 g};%hf([t)an(;c}{tollen sdcheme running north and south is pgopo::;
o be 12 -0in. wide and if no tram lines g i
seems to be reasonable and wise, this alignme;et ai{:):{:)(;, ek
niently utilised for an outer circular road. It would hav:OlI)We-
better, llgwever, if the road were made 200 ft wide at ?}m
gut;si;at vlvhlch, t;houghdcostlylin the beginning, would be economic:i
in the long run and would provide enough sco i
fg&;ure traftic requirements as in that case s%rvicepfo:t(()iscgr?z::l;th
‘S‘lt,}e],?‘o cg(;)ltlll,gi 'eam}ly be accommodated, making the road truf;
. u In character. If this road is ext i
.Wl,tﬁ the Barrackpur Trunk Road and J essor: ﬁﬁggdaasniidlilonl;eg
in't e}Pla.te by ABCDEFGH, it will provide several entries toat}el
city through the recently improved streets of Manicktoll :
k‘e]danga and Be.ha,gha.ta as marked 1, 2,3 4 5 6 in Otha’Pll\IM-
_140r‘ the traflic going through the Park Circus a.’ref; (zo I(;I o
Beha.gha.tadléoaid can be very convenient] " ), the
constructed Calcutta Improvement Trust R i
to Entally as indicated in the Plate, Conseq?laéitffoa ek Circus
Jessore Road will find it easier e oraffic from
Greater Circular Road, as suggest d -
t‘raﬂic destined to zone A, a,nggA,ev;hielchlFet itr);fﬁ? tf% partlcular
Sen Road and Ba‘rrackpur Trunk Road towards Park r((})_m Surya
s(?uthern zones will naturally avail of thig road r'I‘h in g
circumstances, the Shyambazar Rotary (4 ) will l;e felil(les\;r 1(111 Shose
least 384 Nos. of vehicles per hour as indicated below Ta.(i)leo(fi-at

From station X, to zone 11T I4
to zone IV - 6 ¢+ = 93
to zone V.. 3 _j )
From station X, to zone III - 506 b
to zone IV _ 447 o= 1?{'0
to zone V . 177 1 ’ 8
From station X, to zone II - 1 402 ) 1
to zone TIT _ 301 j
to zone IV - 378
= 97
to zone V _ 108 f> %27
to zone VI _ 90 j
\

r.].'()t&l 3,452 NOS,

i.e. 384 Nos. of vehicles per hour.

Y ioined to the newly

(

to approach the city by the -
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Similarly, Chittaranjan Avenue will also be relieved of
360 Nos. of vehicles per hour as detailed below :

Through traffic (external) as given in para. 2.13 = 204 Nos. per hr.
1402 156, o,

9 360 Nos. of
vehicles per hour.

From station X, to zone 1T =

- 2.16. The population of the southern areas beyond the
Corporation units has risen to more than 3} lakhs as indicated
on the 1951 General Census given in Table 1. But as a
matter of fact this figure will have grown still higher since then,
as we find every day the tremendous rate of building up of lands.
Consequently, the traffic census figures taken in 1950 for the
census stations X,, X4, X, & X, show a total of 539 number
of motor vehicles per hour whereas the present figure stands at

2,404 + 946 _‘;2’724 +1,044 = 791, i.e., an overall increase of

nearly 47 per cent of traffic since 1950. This clearly indicates
how rapidly the traffic is increasing in these areas with rapid
refugee rehabilitation going on with such a vigorous pace.
From this we can now guess without fear of going far out the
future increase of the volume of traffic. All the traffic having its
destination to and beyond the central area (zone II) is now
passing through the already congested Chittaranjan Avenue and
other roads. In view of the very rapid anticipated growth, it is
necessary to extend the Greater Circular Road all round the city
right now as already recommended in an earlier report. This
idea of constructing a Greater Circular Road will be almost futile
if the work is not immediately started before the entire area is
fully built up when it will involve a tremendous initial expendi-
ture. A possible alignment is indicated in Plate VII by
ABCDEIJKLM with several entries by cross roads to the city as
mafcd by 6, 7, 8, 9, 10. It is also necessary to extend this
alf*nment further to the north for facilities of air traffic as indica-

“ted in Plate VII by dotted lines EN, in view of the fact that

air traffic in this country is developing very rapidly.

2.17. The scheme for construction of the Greater Circular
Road will also be of great importance if it is considered from the
point of view of development of the eastern part of the city.
The authorities are now seriously contemplating to develop .the
low lying areas of the eastern part of Calcutta for rehabilitating
the low income group people and for the displaced persons from
the abolished bustees and slumps of Calcutta. Planning for the
development of the areas mentioned here will be not only enhan-
ced but can effectively be co-ordinated with other aspects of life.
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2.18.  Of the southern entry roads, the Gariahata Road (X

. 240 .
has a traffic intensity of —gé = 267 Nos. of motor vehicles per

hour, the corresponding figure of 1950 Census being 172, thus
indicating an increase of traffic to the extent of 50 per cent
approximately. The metalled width of the road is only 20 f$.0 in.
with 10 ft wide unpaved footways on either sides of the
carriageway. The metalled width of the road being only 20 ft
vehicles from opposite direction cannot cross without reduec.
tion of speed and travelling on the unpaved flanks. More-
over, there exists a very serious obstacle Just at the point of
entry of the road to the city proper. Tt has to cross the railway
lines by a level-crossing which acts ag g serious bottleneck to the
free flow of traffic. The railway line is also very busy with four

tracks leading to Budge Budge industrial areas, As we see it

minimum metg] width

ment of grade-separation by way of cons i

tructing an over-bridge ,

overdue.

=105

oad is quite capable of taking
T any immediate improvement,

2.19. For Russa Road (X,) the traffic intensity ig 936

Nos. of vehicles per hour and the r
this traffic and does not yet call fo

2.20. In the Diamond Harbour (X,)
roads, the hourly intensities are 303 and 11
and these roads do not require any
now.

and Budge Budge (X,)
116 vehicles respectively
Sérious improvements just

X

3. INTERNAL TRAFFIC STUDY ( :

3.2. It has been indicated ip connection with the
' : ext
study, that all traffic coming from the north, which Xi:ril}?;

es properly, Arrange..

\
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heaviest, finds its way through the Shyambazar Rotary. The tra,gﬁc
from the crossing can enter the city only through three roads,
viz., Circular Road, Cornwallis Street and Chittaranjan Ave;lmeé
Graphical representations of the intensities of traffic along t t;;
roads have been drawn and given in Plates IV, V, & V1. Tra ?
on the cross roads has also been indicated therein by vertlcak
lines. In drawing the above graphs, showing the hourly pea
average traffic, the fast or motor vehicle traffic has been dra.gin
separately by firm continuous lines, while trams, and slow 13;13, 1)c
has been converted into equivalent volumes of fast tra c to
obtain the total equivalent fast traffic curve. The conversion
factors have been fixed on the basis indicated below.

. . 0

Average speed of tram cars in the city does not exceefi 1
miles per };gour Ia),nd the trams follow each other every two mu.lu(i
tes on an average. The effective capacity of the lane occuplee
by the trams can be considered as only 50 per cent as the a:;reragr
speed of motor vehicles within the city streets is 20 mi esfp '
hour. The conversion factor for working out equivalent %"iso
traffic may, therefore, be taken as ¢“2°’. As regards slow tra.h ¢
such as hand-carts, bullock-carts, rickshaws, etc., the factor ha
been taken as 4’ without much error, and_that for cycles is
taken as ““2”’ in consideration of the small width of lane OGOI;;
pied by it and its relative quick movements. The VOIumils(ed
equivalent fast traffic on these three roads have thgs been wo tod
out and given in Tables 8, 9 & 10 and the gra.phlca.l7represen "
tions of the same have been made in Plaj;es IV, v & VI b){;;{;ea s
of dotted lines. For the sake of convenience, figures of 1 an
1957 have been superimposed on the same graph.

3.3. Traffic Capacity

i istances within

., .The capacity of a road depends on the distance: !

wh}th drivefs of %ars can come to a stop without colhgxo&x, :sto(};’3
pi\"gﬂl distance of a car thus becoming important. This depen

~1argely upon the speed. The car moved forward at the opera-

i i i lies brakes.
ting speed a certain distance before the driver applies -
Thgre pis then the added distance before the brakes actlgn %ﬁgs
troys the energy of the car’s motion. On a level grabe, e
brake-action, or braking distance (d) in ft is given by
equation :

V!
=557

i i is the assumed
where V is the speed in miles per hour, f is '
uniform frictional force for the period of deceleration or the so
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called co-efficient of rolii icti
ing friction b
S ng etween the tyre
Amerii;}a,ln I"flk;eh v;r:luepof [’ can be taken a.se ()?Ie(sreaé:g fhe
Amenican Hight y Practice by Hewes) considering b Sy
» Such as tyre pressure, pavement moiﬂtureg co?x?f“d:’ry
, ort to

the occupants of the vehi
1 icles, et
of 20 miles per hour in the gity Zr(;\, Therefore, for the car speed

d = 20 x 20
F0x04a = »os b (a)

The time interval that i
0 at
brake reaction time is usually l:ssl:ade g toone Percoption and

lavel & ; med as 3

Ifr:eke ait:it;)nt;ia.g lOémleg per hour, the car co“:::gngg_f Thus on a
gafe distanI::ee Betw;)::l(iirlng the length of a car to %ebfé(};e the
20 milos pat howe e centres of the two cars m0ViI;g“;i

33.3 + 88 116 = 137.3 ft say 140 f¢, \

Corresponding time in travel @ 20 m.p.h. 140

l llerefore, capa()].ty peI‘ lane pel‘ hOm = —-—Lﬁo = ?
] 8 = 50 NOS .

A th :
high tramgl‘?;gl;fcq;e uninterrupted by cross-road
o miform ﬁgwlfy which reaches its maxim s has a very
made  indicate that o st a cortain uniform speey” ~ROTe
(probably at 23) a speed between 17 a,ndpe;%' mT;sﬁs

! is ¢
at which vehicles he most favourable, being the highest
es

¢ can conveni
succession. At higher speedeféllleentilgteand safely run in close

3?:%&%3&?&?35 and the numbor of aepi n ot for reasos of
double the most fa“;?)ul;zc{ﬁced. It is computed in fa &fnt
reduced by 30 per cent. ° ot that, s+
distance between succeeding vehicles

reduction due to a smaller number of vehi
i

does not
in a given time. the ke

cles passing the point

A rough idea of the n
) >3 of umber of vehi ;
given perfect conditions, could pass a,e;il:ézspzhlf :
ntin one hoyr
is

shown in the Table on ne

! xt i

vary according to the distancapbz%;eglhl:hgumzer will ObviO“S’y
vehicles

only be give imat; i
y be given as an approximation, which can

h theoretically
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Speed of vehicles Distance apart Number of vehicles
in m.p.h. in yards passed in 1 hour

. ___;/’}——”’ S

5 1 1,467

10 2 2,514

12 3 2,640

15 4 2,933

20 4 3,911

25 ] 4,400

30 8 3,061 .

35 12 3,634

Given ideal conditions, therefore, it can be computed that
each traffic lane on a road could accommodate over 4,000 vehicles
per hour. In practice, however, ideal conditions do not obtain,
vehicles do not run at uniform speed, performance and braking
efficiency vary, the capability of drivers differ, and in all urban
areas there are very considerable interruptions by reasons 0
cross-roads, junctions, standing vehicles, horse-drawn or slow
moving traffic, pedestrians etc. All these factors should, there-

fore, he taken into account.

Where intersections are frequent, the capacity of the roads
is governed by the capacity of interseotions. Take for example
a straight road in a modern city where the layout is rectangular.
Let us assume that each lane in the road (having regard to !;he
disparity of vehicle speed, etc.) has a maximum accommodation
of 2,500 vehicles per lane per hour, and that the time of stoppage
at each cross-road is standardised by means of traffic signals at
each intersection which allow the following periods:

.:\)':1&) For main streets 35 seconds
“(b) For the cross-streets e 25
‘ (¢) a period of 3 seconds of amber
at each change viz. e 6y
66 seconds

In such circumstances the traffic in the main gtreet is
running only 25 seconds out of every 66 seconds; the traffic
capacity is thereby reduced by 47 per cent, and it is usual to
allow a further 10 per cent for the loss of speed incurred through
stopping and starting. On that basis the total reduction ‘works
out to 57 per cent, thus yielding & computed caga.clty.of
approximately 1,075 vehicles per lane per hour— capacity which
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applies only to lanes unencumbered i i

If t;her.e are standing vehicles, a still furthle)lyr:cgig';lit)nngwi‘ﬁahldes'
In a six-lane main street which has g continuous row of sta.oilc'urv
vehicles on each side, the average capacity of each lape nf h
street as a whole must be reduced theoretically by 33 pe Coont.
but in practice the reduction is much greater on accougf,r (;e:t’
delays ~due to weaving of three lanes of traffic intoot e
In addition, if vehicles are delayed by promiscuous crossi o
the part of the pedestrians, the capacity is reduced still f lntghon
The ultlmatg figure might, therefore, be brought down ve B
lower, even indeed to the neighbourhood of 700 to 800 ?;llllil:l(;l;

3.4. For Chittaranjan A ; .
Ashutosh Mukherjee RoaJd and ‘gﬁs?s% Chowringhee  Roaq

tabulated in Table 10 (also see Plate VI).

motor vehicles per hour. At the i i

Vivekananda Road, the increase ig 29:;I;1tlf;rmed1ate
Whe_rea.s at the Harrison Road crossing
vehicles per hour. At the Bowbazar cr

indicates that the traffic from norther
; n part
the convenient route through Bowbazar S%;)refe: (O\EVS::;
the ‘co'mmerc%al and business areas of Calcutta,.
on Chittaranjan Avenue bound for the commercial areas of th
e

central part of Calcutta is again dj
Rovy where the peak va,luegof 1,712‘(7)e;;(131d srrongh the Hlission

) to reach
The main traffic

) h th ;
to Dalhousie Square areas and the gtraﬂiecl‘%a’g)l,l?'efs{o;ri lf?la;'(z;xng
er

reduced from 1,639 to 1,116 Nos. of vehijc]
at Hazra Road is again increased frofn l(j’ig(s) I:;%r '%);r' The traffic
flows upto Rashbehari Avenue and falls again topgglh%?r and

08. ag

one proceeds towards Tollygunge Ci
stands at 284. yeunge Circular Road where the valye

3.5. The Chittaranjan Avenue | .
56 ft along with 22 ft wide footw;,a;saoflarrl?‘gfwa’y _of
Eight feet wide carriageways on both sides are b:;ngell‘lse(s;(%e.
oy
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standing vehicles leaving an effective carriageway of 40 ft
ie., 4 lanes for the traffic. The capacity of the road assuming &
uniform speed of 20 m.p.h. comes to 3,000 motor vehicles per
hour. If this speed can be maintained uninterrupted, the
existing volume of vehicular traffic can easily be accommodated.
But the speed can be interrupted at the crossings where it is re-
duced on account of controlling signals. The effect of the signals
may be assumed to reduce the capacity by 25 per cent which is
corroborated by actual experiment. Therefore, the ultimate
capacity of Chittaranjan Avenue reduces to 2,250 Nos. of fast
vehicles per hour. But the capacity is greatly affected by mixed
traffic of slow vehicles such as hand-carts, rickshaws, bullock-
carts, cycles, etc. This has, however, been considered and pro-
vided for by the conversion factors suggested in Para. 3.2. for
different types of slow moving vehicles. The total equivalent fast
traffic figures as represented in the graphs (PlatesIV, V & VI)
have, therefore, to be considered.

3.6. The graph in Plate VI clearly reveals that there is
already traffic congestion in the section between Vivekananda
Road and Mission Row crossing and also between Esplanade
Junction and Park Street crossing. Asa result, the traffic conti-
nuing to pass these sections is necessarily doing so with greatly
restricted speed and actual experience shows that the average
speed in the section from Vivekananda Road to Esplanade Junc-
tion varies from 10 m.p.h. to 26 m.p.h., the average being
13 m.p.h. compared to 10 m.p.h. as earlier recorded in the 1950
census. This improvement is due to certain effective measures
taken by the Police Department since then. However,
the efficiency is not up to the mark and there is immediate
need for improving these sections of the road. The traffic in the
section between S. N, Bannerjee Road and Park Street crossing
has also grown considerably and improvement of this section
shoid also be considered, although the priority may not be so

« kigh as compared to the former one. -

3.7. The object in view is to ensure a clear and rapid run
of traffic, while at the same time secure a higher safety factor.
To that end, the aim must always be to keep the vehicular traffic
on the main roads. In dealing with major town roads, there must
be some definite conception of a general traffic system of the city
85 a whole, In the centre of busy cities and towns, it is very
hecessary to have free circulation of traffic. For this purpose,
no less than safety, the existing main traffic routes require some
immediate improvement. The possible improvements and

3
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remedial measures are :

3.7.1. Complete Separation of Fast & Slow Traffic: To get
immediate relief, it may be possible to close down the road to
slow traffic at least during the rush hours, say, between 9.00 hrs.
to 12 00 hrs. and again from 16 00 hrs. to 19.00 hrs. for the most
congested parts of the roads. Some main traffic roads may, if
possible, be made ‘out of bounds’ to slow moving traffic.
Material improvements can then be achieved in traffic flow by
incurring very little or no expenditure.

3.7.2. Automatic Signals: When the slow and fast moving
traffic are completely segregated, we can expect better
results by installation of automatic signals. Automatic signals
on a flexible progressive system can, with great advantage, be
used to platoon the traffic and to afford the pedestrians safe
crossing at regular intervals of time and place. In a flexible
progressive system, the signals are so timed that the driver of a

vehicle proceeding along the main avenue at a predetermined .

speed will, after being relcased by the green signal at the first in-
stallation, find that every signal on his approach will change
from red to green, thus allowing him to travel the whole distance
without stoppage or appreciable restriction of speed.

3.7.3. Orderly Movement of Yehicles: In order to obtain more
orderly movement, it is necessary that all vehicles must be made
to work on a common principle and anything that may induce
drivers to impinge upon space provided for the traffic coming
from opposite direction must be removed. Tram cars offend in
both respects (a) they are not flexible in movement and (b) when
stationary for loading and unloading, they obstruct the whole of
the near side of the road, thus creating a direet temptation to
other vehicles to proceed on the offside. Wherever possible, it is
always desirable to remove the tram cars in order to increase the
efficiency and capacity of the road effectively. Althou :1] the
Chittaranjan Avenue is free from tram cars, the continual S Op-
ping and starting of commercial transport vehicles in the conggst-
ed portions is a main factor in throttling the flow of traffic.
Embayed stopping places created by means of local arcading or
encroaching on the footway, if necessary, will be found to
increase the average travel speed of motor vehicles, thereby
increasing the traffic capacity of the road as a whole.

3.7.4. Widening of Road: The general section of the rosd
is shown in Fig. 3 wherein the 22 {t wide footways can
conveniently be reduced to 15 ft or so without much sacri-
ficing the efficient flow of pedestrian traffic, thereby making the
carriageway 70 ft wide. But this width is not sufficient enough
for providing a parking strip and a lane for slow moving traffic
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on either sides. The minimum width required for this purpose
is 80 ft as shown in Fig. 3 when only 10 ft wide footways on
“either side are left for the use of pedestrians which is really not

- [C IR i

we seior s2or

| l ]

_____J..root_wm -t—. Carnsaot Way —I,— L
A CROSS SECTION OF
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SLPLRATION STRIPY

N

Fig. 3.

Proposed arrangement of lanes in Chittaranjan Avenue .

sufficient, Even so, this improvement is desirable from the traffic
point of view.

k]

"3.7.5. Diversion of Traffic Through Other Roads: This is not
possible for traffic originating from the internal part of the city
around the roads. There is, however, approximately 38.4 per
cent of the traffic coming from the external suburbs of Calcutta
and using these roads. This has, however, been discussed in
detail in the external traffic study and a by-pass road has been
recommended which will naturally give relief to the Chittaranjan
Avenue and other roads.

3.7.6. Improvement of Crossings: The Chittaranjan Avenue
will remain the main thoroughfare of Calcutta even if the Greater
Circular Road is constructed around Calcutta on the eastern
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fringe as has been recommended in the external traffic study.
Although the carriageway is fairly wide and can be made wider as

recommended above, still fluidity of traffic flow cannot be *

obtained unless the obstructions and bottlenecks at its junct:,ions
with numerous cross roads are materially improvgd. Provision
of grade crossings would have been the ideal solutlol.l, l{ut as the
areas abutting the streets are so heavily built up, it is almost
impossible to provide even a roundabout. From the afrc}'utectural
point of view, grade crossings will not probably fit in in such a
congested city ns Calcutta. As such, it is necessary to study the
traffic position again after the improvements like complete segre-
gation of slow and fast movingtraffic, widening of roads where
possible, installation of automatic traffic signals timed on the
principle of flexible and progressive system with vehicular speed

fixed at 20 m.p.h., thereby ensuring orderly movement of traffic
and increased speed, have been incorporated.

3.7.7. Pavement Hawkers :

ment, particularly near busy streets and parts as hawkers’ stalls
meant for displaced persons, is causing serious impediment to
traffic. As a result of the pavement heing fully occupied by

hawkers and their prospective buyers, pedestrians have naturally
to encroach upon the roads.

This overtlow of pedestrians on to the roads and streetg
causes traffic bottleneck in as much as certain important roads,
otherwise wide enough to take three lanes of traffic, are practically
reduced to a single lane. The chances of accidents are also
increased by the road space being occupied by unmindful sight-
seers and passers-by. It is, therefore, very much necessary that
these hawkers’ stalls are removed from the main streets and put

in open spaces or by-lanes at least. Strict laws may have to be
enforced for this purpose. {
Y

If mobile courts are in operation,
the violators of traffic rules are caught then and there and

warnings or token fines on the spot will naturally have more
impression on the minds of offending drivers. With the lag
of time, which is usual for traffic violation cases, there ig
least chance of reduction in violation offences. The court
functioning immediately after occurrence of an offence hag
a greater chance of using discretion if the pedestrian is
found at fault. Educating the public including children jp
elementary principles of how and where to cross will have benef.
cial effects. Introduction of  Hore Belisha * beacon pedestria
while line crossings has been made in right time. But the use c‘)x}

3.7.85. Mobile Courts:

The indiscriminate wse of pave- .
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these by the public has to be .enforced more rl%}gllgf ?r;tll‘sﬁgg
time as the public are self-conscious. After‘;omel :;ria:i o, when
the experimental period has been given a li er?, il T bey
neces‘sary to prosecute pedestrians if they are fou \

traffic rules which are intended for their own safety.

. .. X} . hee

3.8, In the case of Park Street c_ros.smgl w1tg l:;hgygil&gd 2

Road. the necessity of automatic traffic sxgnads lfgut p N ovided.

a suitablo island or properly designed r:;lx;: a ‘ -
There is ample space and scope for doing this.

ic at

3.9. Circular Road: The hourly peak e (fg‘:: gf:g, V)

the Shyambazar Rotary is only 254 Nos. per hoollllr The average

and th)(; total equivalent fast traffic is 622 Pe(li " to Chowringhee

fast traffic through the length of the r03 a,ng uniform. The

Road crossing remains practically unaltsre%n Qtreet and Park

volume of slow traffic botweon Kesha‘h kmzau.ximum equivalent

Street has increased ma.rkedl;: and t‘ eld 4 Dharrumtolla
fast traffic is more than 2,700 Nos. at Sealda

Street crossings.

am
3,10, The road is 68 ft. wide and glb:mug‘ilit:wg tliz.rge
lines pass over the road, it can accommo E;; %’ a(,lilwa.y A ation
1 5 f traffic. But the situation at Sealda ey et
is very m h worse and requires some immediate imp O s
lss‘v?;yhmilsl;ca‘Zerminus for not less than 30?1 pa;sﬁngassengers
d:.?l a.f:l.nd the gates open directly on this lilc:a. c.ity ani the piace
ha,vg to cross the Circular Road to eni;er:l;the N day. Asa
emains very heavily congested throughou O the road, if
: ult, fast vehicular traffic which might ha.veSed e rvavad,
:;31: acute congestion at Sealdah had been e: ey cansing
now actually follows the Chittaranjan Avferﬂl oaeed
OVec}:‘oading and this wide road not being fully , |
i ottleneck
’3 11 Tt is of immediate necessity to 'remov:utttllﬂ) xl')it.ies o
t Sealdah crossing. Some time ago, the 1'8,1;\7&7&.{;)17l A e this
2ontzs:nplating to shift the Sealdah Stamonbﬁ:;n
proposal, if materialised, will solve tbe pro .

under-
312. The immediate remedial measures that can be

i 8¢
taken on this crossing now are as follow

by pro-
a,)‘ The pedestrian crossings may be reduced by P
( irid'mg over-bridges or sub-ways.

i ‘Sealdah
(b) Relocation of the entrances and exits of thé Sea
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Railway Station. The railway authorities have
already taken some steps in this direction and some
of the exits are now closed for vehicular traffic.

{c) Realignment of the tramway lines and relocating

the existing tram terminus between Harrison Road
and Bowbazar Street.

3.13. Cornwallis Street: This road is only 43 ft wide with
two tram lines running at the centre. The average fast traffic
using the road is only 193 Nos. per hour and attains its maxi-
mum value of 465 Nos. of vehicles per hour at Dharrumtolla
Street crossing, the corresponding 1950 census figures being 165
and 318 per bour respectively. The maximum equivalent fast
traffic on this road is 1,403 at Bowbazar Street crossing. It
has already been pointed out that the traffic using this road is
more or less local and originates from the areas very adjacent

to the road and those leading to the Colleges and very congested
residential areas.

3.14. Very little improvement can be effected at present
and that also may not be justified. However, it is most desirable
to remove the tram cars from this narrow, road when the effici-

ency of the road will be greatly improved and the flow of traffie
will be more mobile and easy.

4. ACCIDENTS

4.1. Parking of cars, lorries, rickshaws, carts, etc., at
random by the sides of a busy thoroughfare is a great impediment
to the free flow of traffic. The cumulative effect of such mixed
traffic of both slow and fast moving vehicles with so many
bottlenecks has resulted in throwing the flow of traffic oigt of
gear. The tendency on the part of drivers to speed up as Spon
as breathing space is available is natural and is very common
This gives rise to risky and rash driving causing frequent acci;
dents involving either motor vehicles or the pedestrians.

4.2. Theaccidentfigures of the city of Calcutta as compiled by
the Police Department are shown in the graphical chart, Fig. 4
From this chart wherein traffic accidents are recorded for a period
of 10 years, it becomes evident that the rise in the number of
accident cases is not much during the period 1947-54 but there
has been a very sharp rise during the years 1954-57. It wili be
noted that though the number of accidents has gone up from
15,300 in 1947 to 30,000 in 1957, the actual death rate (Fig.5)
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Traffic accidents in Calecutta from 1947 to 1957
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ts
Persons killed or injured due to traffic acciden
from 1947 to 1957

i in 1947 to 251 in

by 25 per cent, L.e., 184 in L for

?3%711&1'%{1}; E(i’gnlf d‘:ala)\.th);a.te in the year 1947 may ?et?ggo%rfxt; i
by careless driving of army vehicles. In & popula
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lions, denth of 200 persons and injury to 4,000 may not be really
alarming but certainly leaves scope for a whole-hearted a.ttem;;
to reduce it to a minimum,

4.3.  In India, the present death rate is 70 per 10,000 vehi
: | h 8 , ehicle
as against 16 and 8 in UK. and U.S.A. respectively. When India.S
}[13%1,2 ingt(%rAveh;cles per mile of road as against 25 and 2] of
J. K. and U.S A, this death rate on trafh ardsti i
high e affic yardstick is on the

4.4. The traffic accident fioures f
1957 npe o e Sra gures for Calcutta for the year

Total number of cases reported 16,680
Total number of persons killed ’251
Total number of persons injured 4,427
Total number of vehicles involved 29,351
Total numher of collisions without injury . 12’351
Total number of serious injuries proved }atal ’ 68

Total number of serioug collision cases

Total number of minor traffic violation case;
started

. 34

1,67,434

45 With a mixed total traffic of about 8 i
which (§6,_672 are fast moving motor vehicles a,nd4i’?10a0 ;’)eohll(;llzz,io()f
of 3 ml.lho.ns mostly unconscious about traffic rules and §oncentn
rated within 40 sq. miles, the death rate of 27 per 10,000 vehicl )
speaks well about the Traffic Department of the Calzzutta PoliczS

However, it would be a wonderful i
is bronant den by 50 ner 0211‘11:1 performance when this figure
standard.

5. RECOMMENDATIONS o
I. Internal Traffic

(1) Improvements dan be effected b ientj
utilisation of the road widtLs a.va‘iliblvgy of scientific

(2) Restricting slow traffic and parki i
thoronehioren parking of cars on maip

(3) Installation of automatic signals,
(4) Orderly movement of vehicles.

(5) Improvements of crossings, wherever ossible, wi
special attention to pedestrian traffic, P » With
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(6) Diversion of traffic by way of construction of Greater
Circular Road.

11. Extgrnal Traffic

(I) To avoid congestion of traffic within the city the con=
struction of Greater Circular Road as already indicated seems an
immediate necessity. Not only will it relieve traffic congestion
within the city areas, but it will also carry the traffic which is
external in character by-passing the city of Calcutta. A
diagram showing the likely pattern of flow of traffic within the
city, if the Greater Circular Road had been constructed, is given
in Plate VIII, primarily utilising the data of Table 7 for the
preparation of this diagram.

(2) It is felt that the traffic congestion in Calcutta may be
reduced by providing some sort of alternative thoroughfare with
access to the heart of the city. This may be done by one or
more of the following ways, viz. :

(i) A circular railway connecting the disjoined railway
lines around the city of Calcutta ;

(ii) Providing underground railways ; and
(iii) Providing elevated railways inside the city.

The first two schemes have already received attention of the
State Government but have been temporarily kept in abeyance
probably on account of shortage of funds and foreign exchange
crisis.

6. CONCLUSION

6.1. Traffic census work has been conducted for the city of
Calcytta twice, the first time in 1950 and the present one in 1957,
and'we can with some amount of confidence see a picture of the
present position of traffic. But it will be extremely difficult to
predict at this stage the future trend and growth of traffic during
the next 0 years. Registration of motor vehicles cannot
directly indicate the actual number now on the roads. Popula-
tion statistics can, however, lead us to some extent but these are
taken generally at an interval of 10 years which is a long period

for our purpose.

6.2. It is always desirable to take traffic census, both for
internal and for external traffic, every year to closely study the
nature of changes in traffic flows from year to ycar am.i also to
gauge the effects of changes of traffic pattern after any improve-

4
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ment is carried out either by imposing restrictions, or by physical
improvements of roads and crossings or by way of educating the
public through propaganda, and publicity, For internal
traffic, origin and destination survey will be of little importance
in view of the laborious and complicated process which will not

provide us with any substantial additional data. For external
traffic this is, however, very essential.

6.3. For future surveys of external traffic, the exact travel
routes adopted by the drivers of the motor vehicles to reach
their destinations should also be ascertained. In case of Calcutta
the city being narrow and spreading only on the north-south

direction, the entries are very much limited and the travel routes
also do not vary very much.

6.4. In a city like Caleutta, it is almost impossible and
impractical to take simultaneous counts of traffic on all the im-
portant crossings. As is clearly seen from the data sheets, the
results compiled from counts taken on differnt dates at particular
hours and under almost indentical conditions are quite accurate
at least for drawing broad conclusions and small differences,

if any, will not affect at all the nature of improvements re-
quired.

7. ORGANISATION & EXPENDITURE

7.1, Training of Personnel

Efficient working out of the census depends on sound team-
work. It is essential to make the enumerators conscious of
their duties and responsibilities. Any misunderstanding on the
part of the enumerators and the computors willobviously tell upon
the actual census figures. Workers should be reminded that nothing
should escape their notice and they should magnify nothing’and
minjmise nothing. The aim of the census work is to obtain g
true and correct picture of the situation which is the foundation
on which necessary improvements can be eflected. For this
reason, training classes should be held before the census starts to
make the personnel familiar with the work.

7.2. Personnel Required

(a) Internal Traffic: For each station there s
number of enumerators as the number of sub-stations. Egch
team must have a relieving hand and a supervisor whose duty is
to run the work efficiently and smoothly. The supervisor will

hould be equal
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also rclieve any enumerator in difficulty and cqllect the papers
after the day’s work. In the census of 1957 in Calcutta the
number of man-days required was 509.

(b) External Traffic: Any external traffic station is divided
into two sub-stations. Each sub-station requires two ez‘numer?ai
tors anda relieving hand, ie., six in all per shift. They wil
work under a supervisor who will always co-operate with the
enumerators when in difficulty. So, the number of ma,n-d_ay;
required is 21 per day per station to work round the clock in
shifts. In the external traffic census of 1957 around Ca.lcuttit
the number of man-days required was 1,617 to do the wor
continuously for 7 days.

3. Forms & Equipment: For internal census, standard
form7s,3perfera,bly ru(lledp-—3,500 Nos. are required. .For extel:na.l
census, standard forms preferably ruled and bound in 22 boo Sl——
6,500 Nos. are required. Adeqnate number 'of copying penci s:
mill-boards and spring clips have to be supplied to the enpmerat
tors in time. For external census, camps and camp equipmen
including tables, chairs, petromax, red lanterns, etc., are
required.

7.4. Caution Boards & Signboards: At each external Statfi?;ﬁ
at least two sign boards are to be fixed at proper plg.ces.for 11o
up and down traffic and adequate arrangements for lighting them
at night should also be made. The specimens are :

(i) “ Caution—Traffic Census Station Ahead ” to befixed
at least a quarter mile ahead of the actual census
station in order to alert the traffic;

ii tation. Kindly

ii) ¢ Please Stop. Traffic Census S

() give information as requested > —to be fixed close
to the census stution.

licity: Wide publicity in the press and the news-
pa,pez"sa is P:: be ygiven in pgood time before the a.ctuz:.l c'?m}me(arl;;
cement of the surveys in three languages, such as (a) Eng gl’tive
Hindi and (c) Regional language in order to achieve effec
support and co-operation of the public.

7.6. Expenditure :

Rs nP.
a) Forms for both internal and external traffie
@ surveys 10,000 Nos ... 500 00
(b) ie;ncils,insill-boards, spring clips and pape.rf 100 00
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(c) Lighting charges (including supply of fuel
oil, mantles, chimneys and minor repairsetc. 250 (0

(d) Cost of signboards - 44 Nos. at the rate of

Rs 6 each 264 (00

(e) Transportation charges for carrying camp
and camp equipment to site for external
traffic stations including pitching of tents
and dismantling. 22 sets at the rate of

Rs 25 each 550 00
Total ...1,664 00
83 00

N —————
Rs ...1,747 00

A ————

Contingency at the rate of 5 per cent

Say Rs 1,750—00

In this estimate, cost of capital goods, such as camps,
chairs, tables, lights, etc., are not included. The wages and

travelling allowances of the personnel involved are also not taken
into account.
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. istical B )
Fi have been taken from Statistical Digest, West Bengal, issued by the State Statistical Bureau
igures

Note:

* Garden Reach was under Calcutta Corporation upto 1932.
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y TasLe 3 .
R . . }
List of principal streets diverging from Calcutta & location of external traffic counting stations on them
TasLe 2
N f th 1 | Important pla it ts with brief detail L i f th Station No.!
Street accid . ) ame o o roads ; ces it connects wi rief details ocation of the counting station No. in { Remarks
ents in Calcutta-monthly averages ] Plate TIT |
1 | 2 3 ‘ 4 : 5 !
6
Total No., of Tatal No, of Total Nao. of Tot. v R . -
Year strect ncoident POrsons killod |persous i“jllltc(liv(',h;::[tL ?lt‘”'l'f‘ d On northern_side 1. Surya Sen Road (along the east bank of Connected with G. T. Road via. Willingdon Bridge & Barrackpore Near its junction with Willingdon Bridge X4
casos reported M SI;.(,“ necis | i Strect wocie | i stpor vio (Ign thhe east of River River Hooghly) from Cossipur-Baranagar Trunk Road on the east of it approach road Not I "
; ents dents feme o8 ooghly) side) ole: In all the cases
e denus - A . enumeration
— 2. Barrackpore Trunk Road—(from Shyam- Sodepur, Barrackpore and thence with industrial areas like Naihati Beyond its junction with Dum Dum Road Xg both the inwsa.mergz 13333:?5
1946 568 19 . bazar side towards north) and Kanchrapara : traffic separately from two
oin i 25 1,131 3. Jessore Road or Belgachia Road—(from Dum Dum, Baraset, Bongaon on border area. It also brings traflic Off its crossing with Railway Line to gides
18 15 236 1976 Shyambazar side towards north & north- from the principal towns of Nadia and Murshidabad districts . Dum Dum (over bridge) Pavipukur X3
1948 153 22 (h east) .
( ¥ 211 1,310 ‘ T ) e , : L - - - e
1040 1.082 12 On the eastern side Is the salt lake area and there is no prominent road diverging from the city in this direction
’ = 322 1.877 e e e e o e e e
1950 900 7 26 On the southern 1. Gariahata - Mathurapur Road (from Dhakuria, Jadavpur, Baruipur, Mathurapur and Sundarban Just off its crossing with Railway line to X,
031 261 1,508 side Ballygunge side) areas in the southern part of the State Budge Budge (level crossing)—Dhakuria
05 1.02; . : ; . \ . . . . :
023 6 202 1.773 2. Russa Road — (fromn Tollygunge side) Southern Tollygunge areas, Garia where it connects with Gariahata- Just beyonds the Tollygunge tram depot Xy
1952 979 - ' Mathurapur Road & through this road a major portion of the traffic from
h ! 267 1715 Mathurapur - Baruipur areas enters into the city
1033 017 . \ 3. Diamond Harbour Road — (from" Behala Behala, Bishnupur, Xulpi, Diamond Harbour (an important Above its junction with Gangarampur Xg
. 70 1,670 & Chetla - Alipore side) industrial town in the south) — this is now extending further towards Road
1954 904 8 956 the south, viz., Kakdwip and thence to Namkhana & Sagar Island. This
1955 36 1,387 actually forms the principal road of the south areas
B35} D) .
4132 10 250 o3t 4. Budge Budge Road — (from Bghala & It connects many important industrial areas like Batanagar, Budge At its junction with Taratala Road —R., S. X,
1936 1367 ,939 Kidderpore side) Budge. Arrangements have since been made for a power ferry over Jinjirpur
' 17 341 2 115 River Hooghly to establish its connection with Orissa Trunk Head &
1957 1.390 2,45 National Highway Nos. 5 &6 to Bombay & Madras,via. Uluberia,
y ' 2 374 2 116 Midnapur, Kharagpur, Ghargram in the south-western part of the State.
058 1,270 ’ . - — i I I e T e _ S [, —— S,
U ; ! 21 . . . . . . .
(Upro April) 34 2,024 On the western side 1. Andul Road (from Shibpur or South- Andul & Mourigram and lower part of Howrah Dist. It is now being Near Amtala Out-post X,
western side) extended towards where it will connect the Orissa Trunk Road apd
classified as National Highway Nos. 5 & 6 to Bombay & Madras via.
Midnapore, Kharagpur, eto,
2. Howrah—Amta Road (from Kagamtala It runs closely parallel to the Martin Railway line to Amta— Near Kadamtala junction Xy
or Howrah townside) Jagatballavpur & Amta areas and the central and upper part of
Howrah Dist.—this road is alsa being reconstructed under Road Deve-
lopment Scheme of the State
3. Howrah—Chanditala Road (old Benaras . It runs clogely parallel to the Martin Railway line and connects the Near Uttar Bantar on Martin Railway' X0 .
or Ahallabad Road-—from Salkig gide) principal towns of Hooghly Dist. like Aramubagh——It was at one time one
of the miain roads in the country and will soon be improved as& develop-
rment scheme for the State
X Number of vehicles utili-

4. Grand Trunk Road (from Howrah,
Bally & Uttarpara side, northern end

This is a well known road all over the country which needs no
introduction, It passes through many important places in the northern
India ultimately connecting with Delhi—National Highway No. 2

At Uttarpara Thana

sing the Willingdon Bridge
for crossing River Hooghly
were  conveniently noted
during the census
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TABLE 4

Table showing parts & zones into which Calcutta

has been divided for

taking census

Parts with Corresponding zones
brief with description of
description locally known areas
I. Northern A—Shyambazar &
or old Sovabazar
town Ay—Areas on the north
areas of zones *A’, viz
Cossipore, Belga-

chia, Dum Dum, etc.

II. Central or

office & Street, Burra bazar
commer-
cial areas  D—Dalhousie, Ikspla-

nade, Maiden, Tal-
tola

ITI. Eastern C—Ultadanga, Manick-

or indus- tola, Narikeldanga
trial and Beliaghata
areas E—Sealdah, Entally,

Park Circus

IV. Southern

F Q—Bhowanipur &

or New Kalighat

town F,—Ballygunge

areas F‘a B

4—Tollygunge & Be-
hala
Areas beyond the
zone ¥, in Dha-
kuria, Jadavpur,ete.
V. South- F,—Alipur & Chetla

western  G—Kidderpore

or dock Gy—Areas beyond zone

areas

@, viz., Metiaburuz

VI. Western H‘—-I—Iowra.h Station

or Howrah and Town
areas H,—Sibpore
H ,—Salkia

H,—Areas beyond the
zone H, viz., Belur,
Bally, etc.

B—Jorasanko, College

\ -
Cor(rie?s Represented in
ponding plates by
zZones
A& Ax Shyambazar Rotary
Area  bounded by
B&D Vivekananda Road
in north
{isplanade in south
Central Avenue 10

enst and Hooghly
River in west

¢ &E Junction Lower Circu~

lar Road and Park
Street .
[ ————
Fo, Fy Junction of Russa
and Road and Hazra
Road
¥ .

F,G& J unction of Garden

G Reach Road and
x Diamond Harbour
Road

H,H,, Howrah Station
Ha- Hy
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TABLE &
Average daily traffic flows between the counting stations and the different zones of the city
(Fast traffic only)
Different zones of Calcutta
Counting station | P ' o I Ty TV T l T - Total
A A B }’ C D DR F | F, F, G H, | H, H, H
X, Away 48 13 17 4 255 2 —_ 2 1 — 1 1 — — — 344 679
Towards 52 10 11 5 247 3 1 1 1 1 1 1 — — 1 335 } X,
X, Away 31 1,313 466 148 580 134 51 87 102 57 31 64 5 1 5 3,073) 6,247
Towards 12 1,500 388 114 666 110 50 79 84 58 45 62 2 1 3 3,174 } X,
X, Away 13 850 207 63 489 64 34 45 77 54 22 36 2 — 5 1,961) 4,036
Towards 21 863 219 85 407 80 32 46 89 67 20 38 6 — 3 2,075 } X,
X, Away 13 16 85 44 83 54 18 97 263 39 13 444 i - 28 1,198 2,404
Towards 15 11 64 27 111 36 18 129 280 31 11 461 1 — 11 1,206 } X,
X, Away 4 3 29 3 57 5 12 40 29 113 8 162 - - 5 470 946
Towards 6 5 24 3 66 5 16 44 26 110 7 162 — - 2 476 } X,
Xq Away 14 189 61 18 168 31 54 180 56 92 336 163 1 1 12 1,376} 2,714
Towards 14 172 48 13 171 30 48 146 47 87 398 153 L 2 8 1,338 X
X, Away 39 7 44 71 104 16 29 28 27 72 101 13 3 1 14 519 } 1,044
Towards 36 9 38 25 95 19 26 31 31 M 104 14 i 1 13 325 X,
X, Away 1 2 20 6 6 1 . 91 4 11 4 1 256 38 1 9 401 } 823
Towards 1 2 26 5 2 4 91 12 10 — 4 263 67 1 3 423 X4
X, Away 1 9 32 2 13 3 —_ 4 9 1 2 349 9 5 4 443 } 905
Towards 2 5 31 5 12 7 — 7 6 2 1 360 11 4 9 462 X,
X,, Away 3 2 17 4 4 2 _ 2 1 1 2 89 2 16 9 154 316
Towards 2 5 16 3 3 1 — 2 1 1 99 2 16 9 162 } Xio
X‘l Away 84 123 203 55 176 37 24 66 63 23 47 63 13 9 170 1,226 2,534
Towards 139 52 248 54 187 44 13 71 47 58 40 111 20 27 197 1,308 } X1
Xyy  Away 129 4z 69 24 62 35 7 15 20 9 6 - — — — 4277
. via } 869
Vivekananda
Bridge Towards 126 43 67 27 66 43 10 11 26 19 4 — — — — 442J
X,; Away 9 6 198 7 143 25 25 59 14 3% 32 63 13 9 170 sos; .
via Howrah ,
Bridge  Towards 19 4 187 8 112 21 17 50 21 10 23 111 20 217 197 837
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TaBLE 6

Average daily traffic flows between the counting station
and the different points of the city.

Traffic flowing to and from the different parts

o . mentioned helow |
OUulLt~ R i
ing sta- i ! ] ! \ (H  +H 4 Total
tion | (Ag+4) i (B+D)§\ (CHE) (F +F, +P ) (1, +) HytH )
I II | X v Ly VI
N, 123 530 14 6 3 3 679
X, 2,856 2,100 506 467 171 141 6,247
X, 1,747 1,402 301 378 108 o) 4,026
X, 55 343 161 839 © 60 946 2,404
X, 18 176 16 362 43 331 046
X, 369 448 92 618 856 341 2,724
X, 91 281 81 266 260 63 1,044
X 6 hi 16 a1 47 660 824
X, 7 88 17 29 3 751 903
Xo 12 40 1t 9 3 242 316
X 378 904 100 328 124 610 2,334
5,672 6,366 1,404 3,343 1,684 4,180 22649
X 340 264 129 100 27 — 869
via Viveka~
nanda Bridge
via Howrah 38 640 61

219 97 610 1,665
Bridge
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TABLE 8

HouRLY PEAK AVERAGE TRAFFIC(EQUIVALENT FAST TRAFFIC) ALONG CIRCULAR R0AD AND ON THE CROSS RO0ADS

VOLUME OF HOURLY PEAK AVERAGE TRAFFIC (EQUIVLENT FASTTRAFFIC)  VOLUME OF HOURLY PEAK AVERAGE TRAFFIC (EQUIVALENT FAST TRAFFIC)
CENSUS STATION ALONG CHITTARANJAN AVENUE CHOWRINGHEE ROAD ASHUTOSHMUKHERTEE ROAD ANDRUSSA ROAD ALONG THE CROSS ROAD
NORTHERN DPORTION I SouTHERN PORTION EASTERN PORTION WESTERN PORTION
Nam gf foan | Moton  FROIVALENT FAST TV«AFHC:::;:L:“ NAmE OF RoAD | MoroR EQUIVALENT FAST TRATEIC ET&T‘& NAME OF ROAD| Motor | EQULVALENT FAST TRAFHQTOTAL| NAME OF R0AD| ryoron | EQUWALENT FAST TRAFFIC U] SENSUS
MAME Nop e Pmcees el 5 vinictes FoR ; wiTe FORGLOW] VoR |Sonet Wit FoR FoR_ | ¥ station || REMARKS-
| e veer POk e | Taatpie| S0 9TAT N 10 PR TRATS] guowVeincs Pt Criss TAST‘;j SUB - SaaTIoN VEHIELES) Fom Taan VewcLes| CYCLES rfs:t. SUB-STATION ueJVEmues TR:MS vionﬁctt? cYCLES Tntss:m NOS.
. RAOFFIC i
l 12 3 4 5 s 7 8 ) 10 1 12 13 14 15 16 43 RL ) X T 3 7 75 5127 g
l.BARMcKpURTRuNKR-Mzf;f] 2(33+43) 4(”’;?;') 1_(;1;:5“ 5 1-UPPER CIRCULAR RoAp ( t.cowz.us stREvT | 68412010y a.x(w'*fgo ‘\l(\‘)*:‘ﬁ AX(20+4€)
Lo GHYAMBAZAR ROTARY [A,| = (a+b) . =192 erre B e o] 197° (e+8) 129+ 12y | ¥(a5+2) | ax(ze+16) | BXGBRN | oy fi1 R G Kam RoaD. | 190+120 |ax(autes) | 4K(@t+39) [2%(50H20) 814y Anstaillon o2 , lax(eotyo |arcanrar |04 | Ay
! 2-BAQN(BKA2AR£'-;TREGH @"":: 632 xxiozé}'su 2\2:*:" 1'@?‘:‘;’) =a2B4 | = 96 | =168 = 1ok (et =219 | =¢0 —ag0 | =140 1,027 a.suymz.\:.:,jﬂ)‘.., % 2 o (2%15 2xQBHeL
+ - = . X :
2. Junction OFUPPER CIROULARY ) 1 DRESR € IR EUAR hoPrER EiR AR 1. VIVEKANANDA ANWEKANANDA ROAD  1107+198=379 | 2X(OF0  |ax(ms+99 | ax(s74 93
ROBD VIVEKANANDA ROAD R e ! e | 2 eee 4xl61+70) 12X B4k 4411.906 | RoAD —souTH 2924296 | 2¥(27425)] 24 (36+%) |2x(42+45) [ 1.29 | Roap-EAsT 104423 | ax(o+o) |4x(g9tes) | 2x(57+6() 147 WesT~(fivh) [T 47 <19 &-"“’ ,‘m;s{"? =2t° 11892 B
AND BEADON STREET. (d+b) = =0 | =920} =256 (e+%) =468 =104 | =206 | =174 (&+a) =227 =0 =08 | =29 a..ew&&‘.‘ﬁ?) | axer) s K9+ 22) 8
_f—q- o .
3. Juncrion OF UPPER LUPPER URCUAR Rep | - L KESHAB SEN L keaniD SEh
CuactT;LAp ROAD AN  [Bg |l UPPER Oacucar Ronp 2334200 2X(actay | 4y(sr+he) | 2x(5otan | 449y Soure 2014319 | 2x(a626) | Ax(0179) [IX(294B1) |y o 0 | STREET—EAST | S4FEU Iax(ote) |ax(miane)|2x(26t28) (676 | OTREETES0UTH | 44| O l4x@ri6d | 2x(29t49 |86 Bg
KesHABGEN SrREer | | Mot (MR) (=48 = hos | e | - (err)  [=aeh | =i | =R |, k) | =98 | =0 |=ge |=ne @ ) = S| s
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: AH SSING  |E,|t.upper CRcutanRosp | 1914 208 | 2xG5r26) | 4K(55163) | 2x(50440) |1.209 i LOWER CIRCULAR  [48o+312  {20{68+52 | 4X(209+109 |2k (9864 SEALDA BLY. 5TN arte= 2,2310)20 2760 [0y =3 {2266 g o o®ad | = o 1
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SYNOPSIS

An investigation carried out for determining the probable reasons for an
early development of cracking of slabs of a cement concrete pavement has
been described in this Paper. The probable cause of failure was attributed
to the excessive differential swelling and shrinkage properties of the
particular subgrade soil. Utilising existing knowledge, an attempt has been
made to evaluate induced stresses based on theoretical considerations and
also to estimate the probable crack expectancy period based on flexural
strength values obtained from beams cut out from the road slabs. Some
remedial and precautionary methods have been suggested both for already
laid concrete pavements as well as for new concrete pavement construction
on highly expansive goil subgrades,

b

4 1. INTRODUCTION

The existing knowledge about pavement design is far
from complete and much effort has to be put in to acquire more
information about the various factors that are likely to cause
the deterioration of a pavement. It is always felt that much
valuable information can conveniently be obtained from a
systematic study of any failure that a pavement might have

developed.
* Central Road Research Institute, New Delhi,

b
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On account of the anticipated heavy traffic on our highway
system with the increased tempo of industrialisation, more mil-
age of concrete roads is now being undertaken than ever before.

Experience in design and construction of concrete roads is limi-

ted in this country. Hence it is very useful for future guidanez
to carry out a systematic study of the performance of some of
the existing pavements, including such of those as are actually
under the stage of distress.

The Central Road Research Institute happened to take up an
investigation of a concrete road situated in the Mysore State
where the highway was running through black and red soil
regions. The results of this investigation together with the
remedial and precautionary measures suggested for portions
where the concrete slabs have shown signs of distress by early
cracking have been presented in this Paper,

2. BRIEF HISTORY OF THE ROAD

2.1. General

Out of a total length of 16 miles of the Belgaum-K

* Road, the concreted length is about 13 miles &%ld 4 fu};?‘:r?gusr
The concrete pavement consists of 4 in. thick 1:2:4 cement

concrete slabs of 12 feet width with contraction joints at 20 f
and expansion joints at 120 feet intervals. On lgoth sides of f?‘:Z

L.
L
1

Hﬁw ¢ } 6'_“_4'_&2'*
oo CAMB .

1IN24. 11 48

2 BITUMINOUS
SEMi=GROUT

4'CEMENT CONCRETE
1'2:4

4

? METALLING MACADAM OR

)
LEAN CONCRETE
1:4:8

: EARTHEN BERMS
Fig. 1,

A typieal cross sectiop of cement concrete pavement
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concrete pavement, 4 feet wide haunches consisting of 2-in.
thick metalling and 2-in. thick bituminous semi-grout have
been provided. The new pavement was laid on an old road
crust, the thickness of which varied from 13 in. to25in. A
vypical cross-section of the pavement is shown in Fig. 1. The
work of concreting was started in February 1953 and the major
portion was completed by May 1955.

2.2. Traffic

Traffic census carried out in March 1956 by the State P.W.D.
for the road under discussion shows that the intensity of average
daily total traffic is about 1300 tons, out of which the iron-tyred
traffic contributes about 350 tons. The details of the traffic
survey are presented in Table 1. :

TabBLE 1

Details of traffic census

: Trucks & Iron-
Date Cars | Buses |- ooy 2’[?{2; tyred
| Loaded | Empty | ¥ vehicles
) (2) [ (38) i (4) (5) 1 (8) (7)
23-3-56 165 40 68 46 21 462
24-3-56 121 36 80 75 39 893
25-3-56 154 . 38 81 41 24 350
26-3-56 83 30 15 19 7 208
27-3-56 130 38 54 59 24 138
28-3-56 110 38 52 77 18 185
29-3-56 146 32 76 57 29 196
Total 909 250 426 374 162 2507
Average
weighy of
one ~,ehicle
i tons 1.25 8.5 6.4 3.0 0.2 1.0
Total ‘
weight 1136.25 2125.00 2126.40 1122.00 32.40 2507.0
Average
daily traf- . ‘ '
fic tonnage 162.32 303.57 303.77 160,31 ~ 4.63 358.14
Average
total daily
traffic in-
tensity
in tons 1292.74
say 1300 -
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2.3. Rainfall and Vegetation

The average yearly rainfall is about 60 inches with the mon-
soon period from May to October. The fluctuations in the water-
table in that area are generally reported to be anywhere from

*about 5 to 30 feet, depending upon the season. In general, the
road runs practically at the level of the adjoining terrain with
one drain of about four feet depth on either side of the road. The
road runs partly in paddy fields and partly in light jungle area.

A general plan of theroad indicating the actual test locations
is shown in Fig. 2.

3. DESCRIPTION OF PAVEMENT FAILURE

8.1. Within two years of construction, some sections of the
road were observed to have cracked. In general, the distressed
slabs developed either a central longitudinal crack or, in a few
cases, two longitudinal cracks at about one-third width of the
slabs. As time progressed, transverse cracking developed com-
bined with some more longitudinal cracks to varying extent. A
typical longitudinally cracked road section is shown in Photo 1.

TABLE 2

Details of pavement sections along with dates
of construction and cracking

L 7?2&?{ o Date when Date when cracking
| Mile | Furlong concreted was initially noticed
03] 2 3 (4)
1 2 6,7 March 1953 December 1955
2 3 34 April 1953 March 1956
3. 4 4,6 May 1953 September 1955
4 8 4t08
} January 1954 November 1955
3. 7 1,2
6. 7 4. May 1956 November 1956
7. ki ! 5 February 1954 November 1956
8, 8 1to 4 February 1954 November 1956
9. 8 7 April 1954 November 1954
10. 10 4,8 May 1954 October 1955
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3.2.  Time of Crack-development

A list of cracked sections of the road along with the period
when the section was concreted and when the cracking was first

observed, as extracted from the State P.W.D. records,
ted in Table 2.

A study of Table 2 shows that majority of the slabs cracked
generally during the withdrawal period of the monsoon, that is
round about the month of November.

3.3. Field Observations

It was observed in the field that the subgrade soil for the
entire length of the road was of two general types,
intermediate stretches of varying lengths.
slabs had cracked extensively, invariably the subgrade soil was
black soil, while under the sound sections, it was red soil. The
plasticity characteristics of the two types of soils are given in

Table 3. The complete particle size distribution curves for the
two soils are presented in Fig. 3.
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In some slabs, the longitudinal crack has extended fully
across the length and depth of the slab, and the slab is broken up
into two separate pieces. In such cases, a differential movement
of as much as 1 in. has been noticed.

During field investigations, some of the cracked slabs were
cut open for testing purposes. It was then observed that the
longitudinal crack in the slab extended visibly down through the
metal crust and that the bituminous binder poured in the ecrack
travelled nearly 10 to 12 in. deep into the metal crust.

TABLE 3

Plasticity characteristics of subgrade soils

Soil Black soil Red soil
L. L. htid 43
P. 1, ' 23 18
Classification MH-—-CH ML—CL

4. FIELD INVESTIGATIONS
4.1. Tests Carried Out

The following field tests were carried out:

a. Flexural strength of concrete beams cut from the
pavement,

b. Modulus of subgrade reaction.
¢, Dry bulk density of subgrade soil.

d. Moisture content of subgrade soil.

It has been stated in para. 3.3 that concrete slabs laid on red
subgrade soil were in sound condition, while those on black
subgrade soil had cracked. Hence, for the sake of comparison,
tests were carried out on the slabs laid on both the types of soil,
The traffic intensity being the same for both the sections com-
prising black and red soils, an attempt was made to compare
the flexural strength and modulus of subgrade reaction values in
the two types of subgrade soil regions. Thus cracked and sound
slabs were seleoted from the respeotive sections and the field tests
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mentioned in para. 4.1 were conducted. The criterion adopted

for selecting a representative cracked slab was that on each side = g'5§ i
of the selected slab thore would be at least ten cracked slabs in SRS o @ ™ o @ ©x ©v 5 oa 9
s . s o . . aB8ag S B X O = S = @ @@ b
continuation. A gimilar criterion was applied for the selection e3%y = 7 - - -
of a representative sound slab for the various tests conducted in . at 34
this investigation. . _ B
ﬁl‘é‘g B . ‘
4.2. Description of Tests s s s ao 23 s8323z2
i PRI
_4.2.1. Flexural strength of concrete beams: Concrete beams of AgsE {
16 in. length and 4 in. width were cut from the selected slabs using 2 @
concrete cutter machine and were tested for flexural strength as B ol gg ]
per A.8.T.M. Specification No. C. 293-54T. Photo 2 shows the 28 g m'E © o -
cutter machine in operation. e 528 88383888 8§
. OB d :
Seg=8
4.2.2. Modulus of subgrade reaction : A 3t x 3 ft portion R ".‘“’J
of the: selected concrete slab was cut by the concrete cutter ;“5.5 g
machine. The plate-bearing test was carried out on the under- 552 g J n ¥ DR 2R ® ¥ oo
lying meta:l roa,q crust with a 30-in. diameter steel plate as per & ?é?g g t' s = E § 3 &85 55 8
met‘hod given in ‘¢ Procedures for testing soils”, American 4 Eﬁg@ B
Society for ’.!.‘estmg Materials, 1950. The general arrangement = 82 ‘
of the test, in which two trucks were coupled back to back for + 2 o
getting the required reaction, is shown in Photo 3. > - gﬁ% £g
< £88% 5/ 2 @ 8 8 2 ¢ 2883 ¥
) ﬂus g_g-ﬂsvmmmmmmvﬁmﬂc
4.2.3. Dry bulk density and moisture content of subgrade soil: B oo a-bE
Dry bulk densq:y and moisture content were determined b <
glxe prlt))ced:llre given in the B.S. Specification No. 1377: 1948 for 2 Saa
e subgrade soil at i M @ & g
g il at each test site. & fof%z N EEEEENE:
Z88 Y| 8 T % 8§83 83 %R T 8
4.3. Test Results £e8
The results of the various field tests are given in Table 4., © -
sg e & o X ]
gEE Gl w 3w 8 W o3 w2 u §
588 S 2 2 22 82 B8 foa
5. LABORATORY INVESTIGATIONS " ik
5.1. Tests Carried Out . g o o o o <
S+ & Q 1] Q Q
It was observed i \ £82 5 T Y oERoE A
1t was observed in the field that the range of dry bulk Ye% -l 3 8 8 g 2 g 2 E g g
densities of the two soils was of the order of 110 to. 90 1b §°m % 358535 35
f{fr cu.‘lft' t}gelnce ghg following tests were performed on both -
® 80ils at three different dry bulk iti i :
110 1b per cu. ft. ¥ bulk densities, viz., 90, 100 and 85%" T ¢ ® a0 % W v o~ v ® A
-5 —
a. Per cent swelling of the soil at saturation in the § = = '
C, B,R. mould, o o HE Fr oYy e e

f
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h. Measurement of swelling pressure at increasing

moisture content until saturation.

In addition to the above tests the following tests on both the,

types of subgrade soils were conducted, the results of which are
given in Table 3 and Fig, 3.

a. Liquid limit
b. Plastic limit

c. Mechanical analysis

5.2. Description of Tests

5.2.1. Per cent swelling of the soil at saturation in the C. B. R.
mould : Determination of per cent swelling in the C. B. R. mould
was done as per procedure given in ‘* Procedures for testing
goils”’, American Society for Testing Materials, 1950.

5.2.2. Measurement of swelling pressure at increasing moisture , _

content until saturation: There is no known standard test proce-
dure for measuring swelling pressures of soil at increasing mois-
ture content. Hence a laboratory test was developed for the
purpose. It should be noted here that the values of swelling
pressures as determined in the laboratory test cannot he taken
as absolute values obtainable in the field but can only be used
for the sake of comparison of the behaviour of the two soils. A

method for determining the absolute value of swelling pressure
in the field needs to be evolved.

The procedure adopted for measuring swelling pressure is
essentially as follows :

In a brass mould of 2% in. diameter and 1} in. height, Wi.ich
was readily available in the laboratory, the soil at the natural
moisture content, which was 2.6 per cent for the red soil and 3.2
per cent for the black soil, was compacted to the selected dry
bulk density. The compacted height of the soil sample in the
mould was { in. The bottom of the brass mould was then capped
with a circular piece of a filter paper. A thin circular brass plate
with diameter slightly less than 2} in. was placed on top of the
soil sample. The brass mould with the soil sample was then kept
in & metal receptacle, with suitable quantities of water being
added for absorption by the soil sample in the brass mould
through the filter paper, which in turn was kept on the rigid base

N
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i i 00 1b capacity was
frame. The prooving ring of 60

(f)ifttt;}(lf ill(l) az;,dlo;g frame resting on top of the circular bxiaiuss pdllai;t}?é
Absorption of water cauged the sox(i (;Mkﬁlplethteopigsvina;ring
i «ce developed was recorae y .t .
i‘*miaillmihfeo;sveelliig fogee developed and the circular a,rel:a.tof1 t}_\e
Sm gle under test, the swelling pressure was calcu'a e1 in
zZru})s of tons per sq. ft. The set-up of the apparatus is shown

in Photo 4.

i at increasing
to get the values of swelling pressure
'I’tn or(:megsorp%ion by the soil sample, it was necessary to
mngl;ethe brass mould from the load frame at some regnlia.lr
li‘re;z:srvals during the test, to weigh it in order tlc:1 ﬁndt(l;utlct); 3
degree of moisture absorption and to refix the gma‘.)(? d hlir(l;h i: wa; d
e reading of the prooving rin b
ifailn:)?r:(; th’%lﬁ?sm procedutge was likely to ca.usi soxfm? e:r:;l ;3.1;};2
' i ded on account of inte i
values of swelling force recor _ f intermediate
s during testing, but it was consi \
ﬁleea‘is: oofrg'g‘essg get t}%e required relationship between swelling
pressure and moisture content. :

38
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5.3, Test Results
The results of the two tests indicating maximum percentage

swelling and maximum swelling pressure for both the soils are

given in Table 5. The relationship between moisture content
and swelling pressure is shown in Fig, 4.

TABLE 5

Results of laboratory tests

Percent swel- | Maximum S .
Type of Dry bulk den- | ling at satura- | swelling pros- I atqmtwnu-
soil sity in 1b per tion in sure at satu- ime in swe/
cu. ft. C. B, R, ration in tons | , 1§ prossure
mould per sq. ft. test in minutes

oy bt @ (3) (4) (5)

%0 12.2 065

\ 20
Black ‘
100 18.1 1.50 65
soil
110 24.1 3.05 245
90 ' 5.8 0.15 4
Red ‘
100 ‘ 7.9 0.25 7
soil
110 115 ‘ 0.45 15

6. THEORETICAL CONSIDERATIONS

6.1. General: With a view to have a better understanding
of the reasons for early cracking in some of the stretches investi-
gated, an attempt has been made to calculate the loac and
temperature stresses expected under the traffic and climatic
conditions existing on the road under investigation. The load
stresses are calculated as per modified Westergaard’s formulae
based on Arlington tests and the temperature stresses are calcu-
lated using Thomlinson’s theory. Using Bradbury’s analogy it
is also attempted to estimate the crack expectancy in the cement
concrete slab under the prevailing traffic and climatic conditions.
Even though the several assumptions which are made in these
calculations are subject to criticism, in the absence of more
precise data, the assumptions made are considered reasonable
and the presentation of such theoretical considerations is expec-

, , _ \ ‘
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igr i d in adopting
to make the designers more an_d more interestec pt
;egat(i)onal approach for designs instead of adopting empirical
methods only.
* . 6.2. Calculation of Load Stresses

loped by Westergaard and 'modiﬁed by Teller
and gﬁill?el;%gﬁdéﬁ:vepbeenyused in the calculation of load stresses
due to corner, edge and interior loading.

a. For corner loading

0c = :},;[1 _ (q\l/g)lg]

b. For edge loading

P Eh?
ge = 0.520 (1 4 0.54p) [ 1og 10 /cb'i) -+ logyo

C
(o )~ 1.0792]
¢. For interior loading
r Eh? 1 \2
ai = 0.275 (1 + #) 7, [ togso ( pa )—54.54(L) z]

where

o¢ = greatest tensile stress produced by corner loading
in 1b per 8q. in.

|

o¢ = greatest tensile stress produced by edge loading in
Ib per sq. in.

0; = greatest tensile stress produced by interior loading

i

P = wheel load in 1b. According to the traffic census,
the heaviest vehicle is an 8% ton bus. Assuming the
load on the rear axle to be 6 tons, the wheel load on
dual tyres works out to 6,720 1b.

E = modulus of elasticity of concrete
= 5 x 10% 1b per sq. in.

— thickness of slab, based on the figures given in
’ T;ble 4, two values viz., 3.6 in. and 4 in. have been
congidered

e
]

radius of contact area of the dual tyre assembly.?
7 in.
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b = equivalent radius of contact area

= Tin. as @« > 1,724 h. 5w
. ) ~
= Poisson’s ratio for concrete 552 BB EF 28 B
wo= g 2o 8 TS e 0w e 1w 1
. - o » : =1
= 0.24 for dynamic loading. . gg | =~ I
2.2 T = - -
% = modulus of subgrade reaction in lb per sq. in per in. ) gl ¥ N o o o o W o ®
In the present caleulations, the extreme values of k= en FT R ¥ R K8 & F g8
175 and 400 1b per sq. in. pet in. for the black soil ga | Mg
region and of & = 300 and5501b per sq. in. per in. for w SR e — ——— —_—
the red soil region have been considered - §a | 5w
. —t - @< N O ® = D W &
' . . y o R S - N A © S
| = radius of relative stiffness ° S8 7 e el Ew R -
o ~
4 5 @ -
o= J Lh ‘5 ! =} 5 “
12 (L— a2l 5 g 5T l
g —_ ~— — ~— — ) il 0 10
i 02 9 gE 3 ;; e a8 8 8 37 S8 88 “
L= d | & 55 | g
o “.2 ! ©
Z =02 g - e g
i 2
, ' 5 |
The values of tensile stresses developed due to the three 2 S |2 ..~ - o w 1 ]
. . . ° BRI =~ Q © ® ®»
types of loading are presented in Table 6. e FlEE65 § 838 833K (2
tod - . = o
. © g
6.3. Calculation of Temperature Stresses - " i} 1 SO I
. W o i o
Based on Thomlinson’s theory ! the temperature stresses G ® g w0 g
are worked out as indicated below : ~ & 2% g g
< - o I I~ - - - e =
o 2 lxge I 2 ® & 3 2 B B o
€L, © ~ | B% ¥ = % S |
Stress factor F = T ) - - &
¢ 5 2 ]k
w
where - g
pry @
. . - ® @ | ow ot é
= coefficient of ther g 2 g.s
£ . hermal expansion of concrete 2 T | &5 ¢8 8 3 e = =% 2 2 g
= 5 ¥ 10¢ per o, 8 3 6 g ®» ©® © o ~ & B % .
h —
E = modulus of elasticity of concrete @
= 5 x 10% Ib per sq. in. = 2 o R
0o = amplitude of temperature cycle at exposed surf 2 LY
o = om P y xposed surface 2 23¢9 lnw g g9 g |2 g 2g
= 30°F. g ERG-g) o I8 F 8 - 3 3 8
Qo
. . S’z & g
g = Poisson’s ratio for concrete © A% %0
= 0.15 for slowly applied stress. - .
. . w
Substituting the values, F = 883 22
<
. . . , A @ .8 =~ © °
As‘sumu,lg a d}ﬁumﬁi:y value of 0.009 (J.G.S.‘ unhits, the £ Ll -
Thomlinson’s relationship gives «, the depth function, equal to _:9,3
0.53 for h equal to 3.6, and o equal to 0.62 for k equal to 4.0. SR
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Referring to Table 63 of ** Concrete Roads by Sparkes and
Smith, for the values of a mentioned above, the stress constants
are 0.251 and 0.289 respectively. By multiplying the stress
factor (i.e., 883) by these stress constants, the maximum tensile
stress developed due to temperature works out to 221 1b per sq.
in. for 3.6 in. thick concrete slab and 253 1b per sq. in, for 4 in.
thick concrete slab.

6.4. Combined Stresses

The combined stresses due to loa

d and temperature are given
in Table 6.

It is assumed! that the stresses due to edge loading can
be reduced by 25 per cent on account of availability of increased
subgrade support and, that in the case of corner loading, tempa-

rature stresses can be neglected while working out combined
stresses,

6.5. Estimated Flexural Strength of the Concrete at 28 Days
Life and at the Time of Cracking

Except compressive strength values at 28 days of the

concrete used for the slabs under discussion, no flexural strength
values are available from the P. W. D. records. As flexural
strength values are used for the design of the slab, an attempt
has been made to predict the probable flexural strength values at
the time of cracking, ie., at about 2 years period and at 28 days
life using the relationships® as given in « Concrete Road

Construction ” by the Road Research Laboratory, UK. Even
though it is fully

hold good for ai]
data, the same ig

expectancy calculations.

From the study of Table 2, it can be seen that the concrete
pavement laid over the black subgrade soil has cracked aftor
being subjected to one o three monsoon periods at an average
life of 2 years. The average flexural strength of concrete

beams taken out from sound slabs at the age of about 4 years is
1000 Ib per sq. in.

For flexural strength, the concrete beams in
were tested with single point loading while the s
is to test them with two-point loading. Ace
and Smith?, the values obtained in the form
20 per cent higher than in the latter case.

this investigation
tandard practice
ording to Sparkes
er case are about
Hence applying this

Photo 1.
A typical longitudinally cracked road section

Photo 2.
Concrete cutter machine in operation



Photo 3.
A set-up of plate-bearing test

Photo 4.
A set-up of swelling pressure test
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é:)rrection, the flexural strength of the concrete at the age of 4
years comes to 833 lb per sq. in.

Thescrushing strength of 6 in. concrete cubes at 28 days at
dho Hane of construction varied from 3100 to 5800 1b per sq. in.,
the average value being about 4200 1b per sq. in. Referring to the
curves given by Gonnerman and Lerch* showing relationship
between age and strength of concrete, for concrete of compressive
strength of 4200 1b per 8q. in. at 28 days, the strength values at
the age of 2 and 4 years are estimated to be about 6,700 and
7,200 Ib per sq. in. respectively.

The Road Research Laboratory, U. K., have shown that the

. -rglationship between flexural strength and compressive strength?

cah be expressed by
Fy = KA/F,.
where  Fy = flexural strength of conerete in 1b per &q. in,

F, = compressive strength of concrete in b per
8q. in.

K

il

constant, the value of which depends
upon the design mix and the materials
used.

For F; = 833 1b per sq. in. and F, = 7200 Ib persq. in. at the
age of 4 years, K works out to 9.82. Using this value of K, the
flexural strength values of the concrete at the time of construc-

. tion, i.e., 28 days strength and at the time of cracking of the

pavement, which is taken on average as 2 years come to about
640 and 800 b per sq. in.

6.6. Calculations for Crack Expectancy

Taking advantage of Bradbury’s® theoretical consideration
for calculating crack expectancy in concrete pavements, and
based on the estimated floxural strength of the concrete slabs
at the time of cracking, an attempt has been made to under-
stand the reasons for cracking at such an early stage, using the
popularly known theoretical considerations.

For purposés of calculations of crack expectancy, the
following considerations have been made with the assumptions
mentioned, Even though innumerable points can be. raised for.
and against the validity of these assumptions, this section is
included mainly to create interest in this direction and to get
more data with a view to have better unﬂer’standing of this
phase of the subject, :

7 \
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The width of the concrete pavement is only 12 ft and the
number of fast-moving vehicles per day is of the order of about
150 vehicles in either direction. The traffic being so scarce, the
majority of the vehicles generally use the central portio. of the
pavement. The 4 ft wide haunches are used only for the pu-r .22
of overtaking and crossing over. Under such circumstances,
the chances for the traffic to use the edge of the pavement are
rare compared to the use of the central 6 ft track. For the purpose
of calculation of the stresses due to the largest number of repeti-

tions, the central track which stimulates the interior loading of
the slab is taken into account.

ASSUMPTIONS

i. The maximum daily temperature differential of
positive sign exists for a period of 2 hours.

ii. For the region in which the road under considera-
tion is located, and for the purpose of caleula-
ting fatigue based on load and thermal stresses,
the following assumptions have been made for
temperature differentials oceurring round the year.
Two summer months during the hottest

2 hrs. the temperature differential 30°F.
Remaining 10 months, during the hottest
2 hrs. the temperature differential 20°F.

Rest of the 22 hrs. of the day in the ‘entire
year on average, the temperature differential 10°F,

iii. For arriving at the zone subjected to most repea-
ted stresses, two feet wide tracks with the centre
to centre distance as 6 ft and spaced symmetri-
cally with respect to the central line of the pave-
ment are taken into consideration.

iv. Considering 2 ft width of the wheel track and 6in.
tyre width, four coverages are considered for

purpose of calculating the total repetitions for the
most severe section.

Considering all ithese assumptions, the factors in the three
- cases of temperature differentials are worked out and presented in
Table 7, which are used for calculating the annual wheel load
repetitions for estimating the crack expectancy period.

The number of repetitions of different categories of wheel
loads worked out from the traffic census along with the combina-
tion of ‘interior load and temperature stresses for both the slab
thicknesses of 3.6 in. and 4in. for & value equal to 400
1b per sq. in. is given in Tables 8 and 9,
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TaABLE 7

Calculation of factors based on temperature

) differentials
PR .
Temperature
difforential Factor *
1) (2)
30°F. 2/12 X 2/24 X 1/4 = 1/288%
20 F, 10/12 X 2/24 X 1/4 = 5/288
T, ., 22 :
10°F, 1212 X 5 X 14 = 11/48
* For example,
i. Two summer months per year = 2(12
ii. Hottest 2 hours por day = 2/24
iii. Repetition of 6 in. wide tyrc on any
section of 2 ft wide track =}
Fagtor = 2/12 X 2/24 X } = 1/288

The flexural strength of concrete at the age of 2 years, i.e,,
at the time of cracking, is about 800 Ib per sq. in. If the applied
stress is less than 50 per cent of the flexural strength, the pave-
ment can take infinite number of wheel load repetitions. Hence
only the 4480 and 6720 1b wheel loads need be considered.-

The probable crack expectancy values for both the thick-
nesses under consideration are given in Tables 10 and 11 using
the fatigue test results & as given in Fig, 3.

6.7. Discussion

6.7.1. The calculated maximum combined stresses in a 4 in,
thick concrete pavement caused by the corner and edge loadings
are 721 and 759 Ib per sq. in. respectively. The estimated flexural
strength at 28 days life, i.e., at the time of opening the road to
traffic, is only 640 Ib per sq. in. Though it is realised that there
are geveral unknown factors in the calculations of induced
stresses and flexural strength values, the significant excess of
induced stresses over the flexural strength of concrete indicates
that the design thickness of 4 in. for many of the concrete roads
in this country is not enough, especially when it is taken into
account that the wheel loads as well as the fraffic intensities are
going to increase at a rapid pace.
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TABLE 9

Calculation of combined stresses due to differential wheel loads and temperature
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TaBLE 10
Determination of crack expectancy period for a slab
7 thickness of 3.6 in.
€7t T
Induced | Repetiti
stress in | Por cent of Actual ; oPEY IO;S Eaui
b persq. in.| flexural | rapetitions réquire quivalent
(Refer strength per year | U0 cause repetitions
Table 8) ‘ rupture
NS0 B ¢ B @ G .
451 56.4 156 90,000 = 156
i’ - 90,000
. 418 52.3 627 420,000 62 = 5
: -? ! "X Goew = 19
90,000
492 61.5 470 16 _ =
_ ,000 470 X 16,000 2,840
565 70.6 94 1,100 g x 30,000
alks 1,100 7,700

Total m

' . 90,000
Crack expectancy period = 10.631 = 8§ years.

Tasre 11

Determination of crack expectancy period for a slab
thickness of 4.0 in.

Induced

. Repetitions
stress in | Per cent of | Actual . -
Ib persq. in| flexural ,| repetitions ?Oq:;;zd unlt\{:_lent
(Refer strength | per year © repevitions
Table 9) ! rupture
- @ I ® ) @) _
454 §6.8 156 80,000 = 156
} ; 80,000 _ 3
468 58.5 470 45,000 470 X 5,000 = 833
. 80,000
= ¢ = =
553 69.1 94 1,600 94 X 1,600 4,700
Total 5,891

. 0,000
Crack expectancy period = —8—5—,6—9—1= 14 years,
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6.7.2. The ecrack expectancy period even for the roac -

sections which are sound at present is expected to be of the
order of 8} to 14 years depending upon the actual thickness of
the concrete slab which varied between 3.6 in. to 4 in. The: ~ calcula-
tions are based on the traffic intensity prevailing in 1956, . Ws.™
the past experience, it isreasonable to believe that there will be
increase in traffic volume as time passes and thus the crack
expectancy period becomes even less than 8} to 14 years,

From the point of economical and other considerations
the present trend is to design concrete pavements to serve 30 years
or even more. The low value of crack expectancy period again
suggests that the 4 in. thick concrete pavement is not sufficiently

strong to give a serviceable life of 30 years and more for or
fast increasing traffic. :

6.7.3. Even though the crack expectancy period of the
road under investigation, based on the usual assumptions of the
theory, is about 8} to 14 years, the concrete pavement sections
laid over the black subgrade soil have cracked in about 2 years’
time, whereas slabs laid on red soils under similar conditions are
performing satisfactorily so far. This shows that in the parti-
cular case of black soil subgrade, there are other factors involvew
apart from those which have been taken into account in the
theoretical calculations presented in this Paper. From the labora-
tory investigations as presented in Table 5 the excess swelling
and shrinkage characteristics of the black soil causing uneven
subgrade support is probably the main reason for early crack

development of the cement concrete slabs laid on black soil
areas.

7. DISCUSSION OF TEST RESULTS

7.1. Flexural Strength of Concrete Beams

A study of Table 4 shows that the concrete slabs laid on red
subgrade soil have an average flexural strength of concrete of
1007 1b per sq. in. within a range of 1118 to 913 1b per sq. in. at
the time of investigation, i.e., at about 4 years life. The slabs laid
on black subgrade soil indicated an average flexural strength of
865 1b per sq. in. within a range of 1020 to 614 1b per 8q. in. Since
the construction of the concrete pavement was done by the same
agency continuously as per the same specifications, and as the
two types of subgrade soils occur intermittently within short
intervals, the difference in flexural strength values for concrete
slabs laid on the two subgrade soils is probably due to the fatigue
received by the slabs over the black soil subgrade which have

|

P
i

X
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eracked compared to the slabs laid on red soil subgrade which are

still in sound condition.

As no tests were conducted for finding the flexural strength of
concre’e at the time of construction, the estimated strength by

‘Bawculation both at the time of cracking and at 28 days life are

given in para. 6.5.

7.2, Modulus of Subgrade Reaction

The average value of the modulus of subgrade reaction i.e. k
value for the sound sections covered by this study,laid on the red
subgrade soil is 432 1bs. per sq. in. perin. withina range of values

_.of 545 to 309 lbs. per sq. in. per in., while that for the cracked

S3ctions works out to 297 lbs. per s8q. in. per in. within arange of
values from 396 to 173 lbs. per sq. in. per in. For this diffe-
rence in ‘k’ values obtained on the two types of subgrade soils,
the tensile stress developed in a 4-in. thick concrete slab laid on
the black soil subgrade works out $o be about 7 per cent greater

for the same wheel load than that developed in a slab laid on the
red soil subgrade.

7.3. Dry Bulk Density of the Subgrade Soils

In the case of black subgrade soil, the dry bulk density
varies from about 47.5 to about 111.4 lbs. per cu. ft. With the red
subgrade soil, the average dry bulk density varies from about
88.4 to about 106.5 lbs. per cu. ft.

7.4. Moisture Content of the Subgrade soils

The average moisture contont at the time of testing for the
black soil works out to 14.¢ per cent within a range of 8.7 per
cent to 18.4 per cent while that for the red soils is 9.8 per cent
within a range of 8.1 per cent to 13.5 per cent.

7.5. Per cent swelling and swelling pressure

A study of Table 5 shows that the per cent swe]ling. and the
swelling pressure both increase with the dry bulk density of the
subgrade soil. Fig. 4 indicates that within the range of saturation
moisture, the swelling pressure of & soil of given dry bulk density
increases with the increase in moisture content.

The difierence in the values of per cent swelling and swelling
pressure, in the case of the two soils, appears to be quite
significant. Comparing the black and red soils at the same dry
bulk density, the values obtained in the case of black soil are

8
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higher than those obtained with red soil. The high swelling

property of the black soils seems to be the principal cause of -

failure of the pavement.-

Since the failures are mostly occurring during the with-

drawal of the monsoon from the region and since the pavement

is provided with 4 ft deep drains on both sides due to the rapid
rate of evaporation of moisture from the sides, i.e., from the edges
than from the centre of the pavement, especially in the case of
clay soils such as the black and red soils covered by this
investigation, it is quite logical to expect a moisture gradient
from the centre to the edge of the pavement., For example
assuming a moisture content of 20 per cent at the centre and
12 per cent at the edges, the approximate relative swell pressures
that can be expected at an average dry bulk density r:
100 1bs. per cu. ft. are presented in Table 12.

TABLE 12

Swelling pressures of black and red soils at
a dry bulk density of 100 1b. per cu. ft.
at different moisture contents

Swelling pressure in tons
per &q. ft.
Type of soil Centre of slab at Edge of slab at
20 per ¢ont mois~ | 12 per cont mois-
ture content ture content
, oy s

Black soil 0.75 0.225
Red soil 0.15 0.075

Another interesting feature of the two subgrade soils, that is
brought out from the laboratory tests is the difference in the
time required for saturation in the two cases. The hlack soil
requires more time to get saturated than the red soil. It is

reasonable to expect a similar phenomenon during the drying

process also, giving steeper moisture gradient in the case of black
soil than in the case of red soil. Thus with the drying up of the
soil subsequent to the withdrawal of the monsoon, steeper
moisture gradient in the black soil will give higher difference in

{:
¥

‘kvéwe]ling pressures between the values at the centre and at
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N

the edges of the concrete slab than that in the case of the
red soil.

)

- un the background of the above mentioned phenomenon and
with the information presented in Table 12 regarding differential
swelling pressure from centre to edge calculated for a general
case, it is easy for one to visualize that the seriousness of this

aspect is more in the case of black soils than in the case of red
soils,

Even though it is common for both the types of 'ﬁoils,
another factor that might be coming into play is the differential
~Jegree of confinement of the subgrade soil in the centre of the
stab and at the edges. The edges are exposed on account of the
provision of 4 {t deep drains. ~ The soil in the centre of the slab

being confined on all sides is likely to exert more upward thrust
than the soil at the edges.

8. PROBABLE CAUSES OF FAILURE

Under the influence of the vertical thrust values caused
by the differential swelling on the one hand and non-uniform
shrinkage during the drying period on the other, the “oncrete
slab will not be supported uniformly. The support that the

subgrade is likely to offer particularly in the case of black soil
may be visualised as shown in Fig. 6.

3 b3

oo
e 4'THICK CONCRETE SLAS

b (e ]

PROBABLE VERTICAL THRUST

OIAGRAM FOR BLACK SUBGRADE
. solL
25%
rfsQFT.
T
015
0075
t/saFy Tsger PROBABLE VERTICAL THRUST
1. :;“"bom.am FOR AED SUBGRADE
- solL.
Fig. 6.

Probable mechanism of iongitudinal cracking of concrete slab
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n
Under the action of the rear wheels of an 8} ton bus and the =

¢

uneven support offered by the subgrade, the concrete slab laid

over the black subgrade soil is likely to crack longitudinally with
tension being developed at the top of the slab. It appeags that

- . . . RS .
under similar conditions of smaller upward thrust differe..*izd=,

the concrete slab laid over the red subgrade soil does not develop
critical flexural stresses so as to crack longitudinally, The
values of swelling pressures as determined in the laboratory are
not absolute but only comparative. Hence it is not possible to

determine precisely at what differential subgrade support values
the concrete pavement cracks.

The non-significant differences in the Hexural strength of

-

concrete slabs Jaid over the black and red subgrade soils, and ir.. ~

the moduli of subgrade reaction obtained over the metal crust
overlying the black and red subgrade soils, and the significant
differences in per cent swelling and swelling pressures of red and
black soils confim that the cracking observed in the concrete
slabs laid over the black subgrade soil may be due to excessive
swelling and shrinkage characteristics of the black soil, resulting

from moisture differentials of the subgrade from contre to edge of
the pavement.

¢

9. SUGGESTIONS
9.1. Remedial measures for the already existing concrete
pavements constructed on highly expansive soils.

For concrete pavements constructed on expansive soils
and which are already in the advanced stage of cracking
but still retaining the aggregate interlock at the cracks.

Enveloping the foundation region of the concrete
pavement, right up to the equilibrium moisture depth,
with an impervious layer such as treatment with
straight run bitumen, primer, heavy duty tar felt ete.
with a view to minimise the moisture variation in the
subgrade soil during the setvice period ; and

(ii) Strengthening the pavement by a suitable overlay,

For all concrete pavements constructed on expansive soils
with and without initial stage of cracking.

(i) Enveloping the foundation region of the concrete
pavement, right up to the equilibrium moisture depth
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with an impervious layer as described under 9.1.1 (i)
of these recommendations.

(i), In cases where the cracking has not yet started, cut-

- " ting a central longitudinal joint may help in a:vmdmg

. development of unsightly cracks, thus facilitating easy
maintenance.

(iliy Wherever the concrete road slabs are only 4 in. thick
on such expansive soils and are carrying loads of the
order of 8 to 10 ton vehicles, strengthening the same
straight-away by suitable overlays is recommended if
a service life of more than about 15 years is expected.

* 9.2, Precautionary measures for new constructions of concrete
pavements on expansive soils.

(i) In cases where only a small quantity of highly expan-
give so0il is involved, the easiest method is l.ts com-
plete removal, if the same is economically feasible,

(ii) If the swelling pressures are not excessive, a layer

i of non-expansive type soil over the expansive soil sub-

grade may be laid in suitable thickness so as to
eliminate the swelling influence.

'(iii) Treating such soils with lime up to suitable depths.

(iv) Provision of longitudinal joints at closer spacing than
the conventional spacing of 12 feet.

(v) Enveloping the foundation region by an impervious
layer up to the equilibrium moisture depth.

ACKNOWLEDGMENT

The Authors wish to thank the Director, Central Road
Research Institute, for his constant encouragerpent and vg.lua.bl.e
suggestions during the study and for permission to publish this
Paper. The Authors wish to acknowledge with thanks the
valuable assistance given by the officers of the Mysore State
P.W.D. during the investigation.



278

SUBBARAIJU & GOKHALE ON INVESTIGATION OF
CONCRETE PAVEMENT FAILURE

REFERENCES
Sparkes, F. N. and Smith, A. F., “ Concreto Roads’’, T+he Road-~
Makers’ Library, Vol, XI, Edwin Arnold & Cu., L.ondon, 2952,

Trrenan,

‘‘ Concrete Pavemont Design ’, Portland Cement Asgoviation
Chicago, U.8.A.

*“ Concrete Roads—Design and Construction’, Road Research
Laboratory, U, K., H.M.5.0., London, 1955.

Gonnerman, H.¥. and Lerch, W., “Cheanges in Characteristics of
Portland Coment as exhibited by Laboratory Tosts over the Poriod

1004 vo 1950 "—ASTM Spccial Technival ~Publication No. 1217,
U.8.A., 1951.

.
Bradbury, R.D., “ Reinforced Cnnerete Pavement ", Wire Ruin-
forcement Institute, Washington, G.S.A., 1933,

A Note for Panel Discussion
DADS IN WATERLOGGED AREAS”

By
CENTRAL Roap RESEARCH INSTITUTE

CONTENTS
Page

Introduction 279
2. General 279

Nature of Damage Caused to Road by Water-

logging 281
4. Remedial Measures 282

Phased Progrdmme 284

'I. INTRODUCTION

Waterlogging is unfortunately spreading fast in certain
areas. Besides damage to agriculture, it is causing progressive
deformation of roads which have so far carried the traffic success-
fully. The urgent problems are :

(a) How to treat existing roads in such areas which are
rapidly deteriorating.

(b) What precautions to take on new roads in such areas.

This note, which is of the nature of a field study only,

attempts to outline some specific remedies for both the conditions
stated above.

The note may appear to be sketchy. but the problems
involved being urgent and there being no time available for long
range studies, it is felt that it will have served its purpose
if, in the light of a free and open discussion in the I. R. C,

Session, it can provide the basis for an I.R.C. tentative
specification for roads in waterlogged areas.

2. GENERAL

In recent years, it has been noticed that large scale damage
18 occurring on many miles of roads in certain areas, as a result
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' i ted in many cases b,

o effects of waterlogging accentua ¢ )

(f)lfootg?ng. ‘An additional contributory cause of damage 18 the
presehce of detrimental salts in some waterlogged areas.

With a view to analyse the processes involved and %T*erefromv
to suggest experimental work on possible remedies, the foliowing
damaged roads were studied in detail :

TasLe 1
Particulars of roads studied in u. p.

S. No. District Name of the road
1. l‘ Meerut Meerut-Bhaghpat
|
2. 1] i~ Modinagar-Hapur
3. | D/M Road
4. : ! Meerut-Mowana
| N
3. 1 s ' Muzaffarnagar-Bijnor ’
6. 1‘ Ktawah "\ A, E.F., Road
\ | - .
7. | Mainpuri 1{ Ltawah-Mainpuri
8. ” i E.F. Road to Karhal
9, Bulandshahr | Sikandarabad-Dankapur Road
‘ 3
10. ’s \ Bulandshahr—Jhajher

TaBLe 2
Particulars of roads studied in Punjab

S. No. District Name of the road
e - e . —
1. Rohtak | Delhi-Hissar—Sulemanki Road, mile 42
5 between Jat College Hostel and Canal
‘ Bridge -
2. ’ E Sonepat-Kharkandar Road
3. v “ Sonepat-Guhana Road
4. | " G. T. Road 23/0 to 25/0

L

It seems that with more and more introduction of irriga.tif;‘hl
channels running above the level of the adjoining country Wi

pn—
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. insufficient drainage outlets, vast areas have become victims of

waterlogging and flooding. It goes without saying that unusual
rains in some years still worsen the situation. The continuous
supply rfseepage water from such well-netted irrigation channels,

Y

Jmrficient drainage facilities from such grids blocked by either

canal bunds, railroads or highway embankments, have become
the potential factors for creating waterlogged conditions and
flooding for most of these areas. The seriousness of this water-
logging is aggravated by the general practice of constructing
highways flush with the adjoining land in these areas. As a
result of some of these factors the water table is rising from time
to time and in some places the water table was as high as one to
two feet below the ground level at the time of inspection. Local

‘nquiries indicated that during the monsoon period, the water
taple was observed at still higher levels,

3. NATURE OF THE DAMAGE CAUSED TO ROADS BY
WATERLOGGING

The damage to roads by waterlogging appears to be on
account of the fact that due to the rising water table in such areas,
the capillary moisture wets the subgrade soil to varying degrees,
~zducing its bearing value accordingly, at different times of the
year. The prevailing traffic loads, which after dispersion through
the pavement were successfully supported by the comparatively
dry subgrade before, cause a certain amount of deformation now,
when the subgrade is moistened by capillary moisture and has,
therefore, less bearing value. This deformation of the subgrade is
reflected on the surface of the pavement and goes on increasing
with repetition of loading due to traffic.

The deformation is maximum during the period when the
subsoil water level is highest in the yearly cycle.

This progressive deformation is, in some cases, accentuated
by ingress of water from the top of the surface, where, due to
prolonged flooding and passing of water over the bituminous
surface, stripping of the binder takes place and results in
destroying the waterproofness of the surface treatment. This
permits ingress of moisture from the top as well which, in
addition to further softening the subgrade, also helps the traffie
in causing a failure of the road crust’itself. '

In areas infested with detrimental salts like sodium sulphate
and to a lesser extent magnesium sulphate and sodium carbonate,
the salts keep moving up with capillary moisture, and when the
concentration of such salts towards the exposed pavement
becomes sufficiently high, damage can be caused to the pavement.

The damage is caused as a result of repeated hydration angd
9
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dehyflr.ation of thé salt under suitable temperature and humidib;»
?ondxtlons, and the consequent repeated increase and decrease
in the volume of the salt lodged in the voids causes destructive

movement.under the pavement and in some casesgin the
pavement itself. %

P

4. REMEDIAL MEASURES

_ The remedial measures would appear to lie in the following
directions : ' '

(a) To depress the level of subsoil wat
by drainage,

(b) To increase the thickness of the road crust, so mlfc')h
that the prevailing traffic loads, after dispersion
through the thickness of the crust, become so low that

the subgrade soil in its saturated condition can safely
support them,

er, where possible,

(¢) To provide a capillary cut off, to arrest the moisture

ﬂuctu.a,tions and the upward movement of detrimenta
salts in salt infested areas.

(a) Depressing of water table

1f the water table can be de
improve the bearing value of the
arrest further damage.
draining the roads only

pressed by drainage, it will
subgrade considerably and
A self sufficient drainage system for

drair may be expensive in many cases. But,
in view of the fact that the irrigation depa,rtmentsyconcerned are

already launching proper drainage schemes for reclamation
of waterlogged areas, it would be well worth investigating
whether road boundary drains 5 or 6 feet deep could be connected

up with the irriga.tior'l drainage system, without undue cost. The
road land on both sides of the road should obviously be sloped
towards the boundary drains,

These drains will not only keep draining the subsoil
water during dry weather, but will also ensure speedier run

off during rains, thus reducing considerably the rise in subsoil
water level during monsoons,

This measure should obviously be adopted immediately,
wherever economically feasible, and where excessive damage
to road has not already taken place, because it is likely to go

a long way in arresting further damage and in prolonging
the useful life of the road, ‘ -
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(b) Increase in thickness of pavement

The C.B.R. or any other accepted method of design of
thickness of flexible pavements can be used for determination of

_the t<lal hard crust or moisture resisting thickness of pavement

required over the saturated subgrade. This should apply ob-

viously to all new construction and reconstruction of completely
failed pavements.

As the failed pavement will have already got badly defor-
med, the obvious thing to do would be to dig up the existing
pavement and to redesign the thickness with a view to reuse
as much of the old material as is fit for use, by adding fresh
material as required. As much of this thickness should be
niade up with compacted soil as design will allow.

In the case of lengths of road which have suffered only
partial damage and the riding quality has so far not been
too badly affected, it would obviously be a question for conside-
ration as to whether an increase in thickness of the pavement
should be immediately provided and, if so, whether the increase
required by design should be affected by adding water resisting
hard crust to the existing pavement, or whether the pavement
should be dismantled and reconstructed with old and new
material, using compacted soil in the lower layer.

If the increase required is a matter of 3 or 4 inches only and
the existing surface is not badly deformed, it would perhaps be
best to add this small thickness straightaway to the existing
pavement in surface treated water-bound macadam. If, on the
other hand, the required additional thickness is considerable, it
would perhaps work out much cheaper and more satisfactory to
dig up and reconsfruct the pavement by using compacted soil
and soft local aggregates in the lower layers and the dug out
soling and macadam in the upper layers by adding a little fresh
material and surface dressing the road.

In the latter case, the existing pavement could continue to
be used as long as ordinary patch repair could maintain a
reasonable riding surface. Drainage could help a case like this
very considerably.

{c) Cabillary cut off

A capillary cut off is absolutely necessary in waterlogged
areas which are infested with detrimental salts (sodium sulphate
and, to a lesser extent, sodium carbonate).

If it is found that the necessary additional thickness can be
provided by adding a few inches of macadam to the existing
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surface treated pavement, then the bituminous surfacing w}Liclx
is already there, if properly patched up and revived as required,
will be a very effective cut off. For proper bond of the water-
bound macadam with the bituminous surface, a thin bituminous
tack coat is to be provided in any case as a scal which auto-
matically revives the surface.

In cases where the existing pavement is to be dug up and
reconstructed, the cut off can be provided either by a layer of
coarse sand or a very thin layer of bitumen impregnated soil.

The thickness of sand layer can be worked out as givén in
Appendix 1.

It will be seen that unless the sand available is very coarse
the thickness required will be excessive. ’

Bituminous impregnation is carried out by spraying shell
primer No. 1 (30 per cent bitumen 80/100 4 50 per cent high
speed diesel oil} or its equivalent in two sprays of 201b per
100 sq. ft. each, allowing the first spray to penetrate before
putting on the second. The sides of the crust are to be similarly
treated.

The capillary cut off should be placed below the compacted
soil layer of pavement to take additional advantage of keeping
moisture out of this layer.

5. PHASED PROGRAMME

It is obvious that the entire length of the roads in the vast
areas which have become waterlogged cannot be reconstructed
at once due to the limited funds available for the purpose.

The following general recommendations are, therefore, made
for adoption as a phased programme:

(i) Waterlogged areas not subject to flooding

As an immediate measure, 5 to 6 feet deep drainage channels
should be dug on the road boundary in waterlogged areas
wherever it is possible to provide suitable out-falls either by
connecting with natural drainage or with irrigation drainage
system, existing or under contemplation.

(ii) Provision of suitable thickness of the crust

The total thickness of crust required over a saturated sub-
grade should be designed for each area, using as much compacted
soil and soft local aggregate in the lower layers as design criteria
will allow. (A typical design is attached, Appendix 2.)
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Where the additional thickness required is of the order of 3
or 4 inches only, this should be provided immediately as surface
treated water bound macadam over the existing surface after
patching up as required.

Where the existing pavement has failed already and is due
for renewal, it should be constructed as per above design and the
existing dug out material used, as far as possible, in the upper
layers with addition of some new material. All new construction
should be properly designed.

(iii) improved drainage

_Where the existing pavement is still serviceable, and the
decigned additional thickness is considerable, suitably connected
side drainage should be provided, if possible, and the surface

maintained by patching at a reasonable level of ridi ali
till it becomes too expensive to do so. Hiing quality

Then action for reconstruction as at (

taken. ii) above should l'ge

(iv) Salt infested waterlogged areas

Where  detrimental salts exist in waterlogged areas, g
capillary cut off should be provided below the compacted soil

layer, forming part of the designed pavement thickness. and on
the sides. ’

Calculated thickness of coarse sand or two sprays of suitable

bituminous primer at the rate of 20 lb per 100 sq. ft. for each
spray is recommended. "

(v) Waterlogged areas liable to flooding

In those lengths where prolonged flooding over the existin
road is likely to be allowed as a drainage measure, a double lane
concrete surfacing of designed thickness is necessary, as an
bituminous surfacing under these conditions is likely to suffer

from stripping of binder and consequent serious damage to the
Pavement.

'.I‘hose lengths which have to be reconstructed and are not
required to be kept low for drainage purposes should obviously be

%iveln a free-board of about one foot or so above normal flood
evel.

Those lengths which cannot be reconstructed immediatel
should with advantage be given a thin spray of binder just before
the flood season to reinforce the surface against stripping.’



286 NoTk vorR PANEL DIscUssioN oN

Appendix 1

Method of Calculating the Required Thickness of
Sand Layer for Capillary Cut Off

The thickness of sand to stop the capillary rise of ntoisture
can be determined in the laboratory by means of a capillari-
meter. Photo 1 shows the general set up of a capillarimeter.
This consists of sintered glass funnel the lower end of which is
joined with a rubber tube to a sliding burette tube against a
graduated brass scale. There is a rack-and-pinion arrangement
worked by a thumb screw which moves a pointed needle against
the brass scales as well as the burette scale. The funnel is
filled with water by inserting a rubber bung at the top, invert-
ing it, and joining it to the rubber tube leading to the burette.
The connecting rubber tube is kept full of water when it is
joined to the funnel, and if the burette tap is kept slightly open,
the flow of water insures an air-free joint. It is essential that
no air be allowed to remain at the lower surface of the filtering
disc. ¥xcess water is removed from the funnel and is replaced

by a quantity of sand to give a layer about 0.5 em. thick with
some free water standing on top.

At the start, the level of water on top of the sand and the
burette is the same. The burette tube is lowered in steps of
1 em. or so and the rise of water is noted in terms of the gradua-
tion on the tube. As the burcttc tube is lowered, the pointed
needle is raised with the thumb screw so that any rise of water
is compensated and the reading on the brass scale gives the true
values of pressure deficiency which the sand is subjected.
Obviously, as long as there is free water, there is very little
change in the scale reading because of this compensating device.
As soon as the free water disappears the tension produced by the
lowering of the burette tube is taken up by the surface tension
of the water and any difference in the scale reading from the
original value gives the true value of pressure deficiency. From
this point onward, further lowering of the burette tube causes no
rise in the level of the water contained in it. This constant
value continues until the pressure difference exceeds the capillary
pull of the sand, and the water again begins to rise in the
burette tube. The length in centimeters by which the burette is

lowered to cause this break in the rise of water gives the thick-
ness of sand layer required.

The thickness can also be obtained by determining the mean
diameter of sand after subjecting it to detailed mechanical
analysis. The results obtained by both the methods are almost
identical. Further details of either of the methods can be had
from * Soils—Their Physics & Chemistry ”” by A.N. Puri, chapter
111, Capillary moisture, page 346.

Photo 1|
, . Diagram

“ " of the

Capillarimeter
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Appendix 2

Typical Design for the Total Thickness of Crust
Required over the Subgrade Based on California
Bearing Ratio Method

Problem : Requisite thickness of flexible pavement is to be
worked out for the following site conditions :

1. Anticipated traffic - About 150-450 commercial
vehicles per day (exceeding 3 tons)

2. C. B. R. of subgrade
in saturated condition- 3 per cent

3. Other locally available material which can be used in
the construction :

i. Local soil from borrow pits- C. B, R, of 9 per cent
(compacted)

CALIFORNIA BEARING RATIO — PER CENY
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Fig.' 1.
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ii. Loeal sandy soil *or other locally - C. B. R. of 15 per cent
available soft road materials. (suitable as sub-base)

" iii. Crushed limestone - C. B. R. of 100 per cent.

' DESIGN
From the C.B.R. design curve given in Fig. 1.

(a) Total thickness of superimposed layer required
over a subgrade (of C. B. RR. of 3 per cent) - 20 in.

(b) Thickness of superimposed layer required over
compacted soil from borrow pits (of C.B.R. 9
per cent) - 11 in,

{¢) Thickness of superimposed layer required over
sandy soil or other locally available soft road

material (of C.B.R. 15 per cent) - 8in.

(d) Thickness of superimposed layer required  Surface

over crushed limestone/locally available  dressing
stone (of C.B.R, of 100 per cent) of § in.

Hence the pavement structure should consist of :
1. 2% in. thick surface dressing.

2. 7% in. orsay 7in. of water-bound macadam including
soling according to local practice,

3. 3in. of sandy soil or other local material (of C.B.R 15
per cent)

4. 9 in. of compacted soil taken from borrow pits (of C.B.R
9 per cent).

Total: 20 in.

* Sandy soil of P. I. about 5to 7 and sand content not less than 50
per cent either natural or blended or similar thickness of locally available
soft material like kankar can be used.

The method given in this example.is only one among several others
which are in vogue such as tho Wyoming method of design ete.

Wherever testing facilities are not available, the typical design
given in Appendix 2 may be adopted in the case of poor subgrades.
Wherever there are detrimental salts present, a capillary cut of® is
pecessary,

Research Section

1. GAP GRADED CONCRETE FOR PAVEMENT
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SYNOPSIS

The Paper advocates a methnd of concrete mix design in areas where
the locally available sands are poorly graded for purposes of the sonventional
eontinunus grading and imported well-graded sands are too expensive for
féhe purpose. The voncrete desigued by this method is termed Gap Graded

oncrote.

The investigation deals with the design of concrete mixes by using
four typical sands with poor gradations, on the gap graded principle, wherein
the gradation of coarse agyregate is adjusted after deliberately omitting
certain particle sizes, so as to ascommodate the availible sand grading with-
out particle interforence. The study indictes thas concrete mixes, designed
in the above faghion, nsing the four typical *‘ pooc’ sands, compire very
well with a “ standard *’ eontinuous graded concrete mix in terms.of strength
properties. Further, these gap graded mixes seem to actually bring about a
saving in cement as compared with the correspouding continuously graded
mixes, thereby resulting in further economy.

Gap graded mixes are not suitable for volume batching as normally
used in this country. However, the results suggest that a fair trial should
be given to gap graded mixes in projects where weigh batching and propar
quality eontrols are contemplated, and in cases where the lovally available
sands are not properly graded,

BN

\f * Central Road Research Institute, New Delhi.
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l. INTRODUCTION

1.1, General

M. Feret‘ ostablished the “ laws of discontinuous mixtures’
long b,efore Fuller established his curve of maximum densitys.
Fuller S ideal curve”, according to Boyd Mercer, ? was
responsible for the commencement of the landslide agu,i'nst the
theory of Feret in the early years of the present century. Most
0; the'resoa.rch studies that ensued had Fuller’s curve as tile bagis
0 ‘tlieu' deﬂlL',I'l, alithoug,.h Bolémey had modified it with better
results. The various investigators that followed focussed their

attention on continuous gradati

s gradation of aggregates an ed
many types of continuous pri ooy
today —cach one dej

rending upon the deg .
. between the deman o 1@ degree of compromise chosen

ds of workability and strength.

Few investigators like Coquet, Mc. Neilley, § d
}Jéﬁ(;rds l{;\.v: re}\:erted frequently to the idea of )L:elizthe‘;?ll: h&::’e
sound xa(,)f czne utse of gap grading theory leads to a better
ceons 'i");eri oncrete propurtioning. Yet$, the genoral consensus

rad'& ; NE opinion at present is in favour of continuous
grading, even though it has been established beyond doubt that

gap grading has i . .
Mixes. g an important place in the design of concrete

1.2. Definition

gmdggt:,i)‘;?:e tls Sf;‘id to be gap graded (or discontinuously
argrogat rete) when certain particle sizes in the grading of
brou;}:n; gsl‘etor{u}tl;t;ed.' The absence of certain particle sizes is
obtaimoea o(i‘u ((;lx)t lt)»; gél_bby using natural aggregates as they are
combining both w ioerately introducing them or (iii) by

ith a view i .
concrete of low workability, So obtain a better compaction of

re i i i ;
and economy in the use of cemesxl:tl;_tmg in high quality concrete

L.3.  Principle of Gap Graded Concrete
Gilkey 2 d .
obtained gy 1ﬂa\.n Stewart * have recognised that any benefit

e use of gap grading is due to the reductjon in the

:voe((i?%;}r;%naﬂ;lig?uﬁ?th;(ié;y the omission of intermediato sizes and,
tod by viboagio » 8ap graded concrete has to be compac-

vibrn::ihattlm‘ has pointed out that when a ‘plastic concrete is
rat ,f.ne‘ particles are get in motion, reducing the inter-
Pare eth riction and they are in a state of segregation, therebr -
giving the concrete its mobility. Thercfore, in the first stage ¢f

gradations of aggregutes as are available
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con?'pa.ction, the subsidence of the mix takes place and during
this process bigger sized particles settle down to form a compac-
ted framework of solids. In the next stage of compaction, the
amaller particles attempt to penctrate into the voids of the packed
aggregates with the aid of the cement grout and de-acration takes
“ylace. The third and the final stage of compaction results in a
general stabilization of the green concrete. lf the mix is not
properly proportioned, materials in excess of the requirement
are forced out to the surface.

From the above, it is clear that for full compaction of
concrete by vibration with the least amount of work, itis
essential that (i) the grading of the coarse aggregate be such that
when they settle down to form a network of solids, they should
not cause particle interference, (ii) the gradation of the coarse
aggregate should be governed by the predominant particle sizes
of fine aggregate and (iii) the proper proportioning of the mix
should be done.

1.4. Advantages

A properly designed gap graded concrete, when fully com-
pacted, according to Stewart®, would shrink and creep less
than a continuously graded one, provided the proportions remain
the same, because in the gap graded concrete the coarse aggre-
gate is brought into intimate contact, forming & rigid skeleton
which cannot be shortened owing to loss of moisture. Again, the
creep is confined in a large degree to the plastic deformation
associated with the rock from which the coarse aggregate is
derived.

According to Fritsch®, by making gaps in the gradation,,
it is not only possible (other conditions being equal) to reduce
the required quantity of the cement paste, but also to increase
considerably the concrete strength.

Further, in high quality concrete economy is obtained
through gap grading as the co-efficient of variation, i.e., the
margin between the average and minimum strength, can be
reduced. ~ In continuous graded concrete, segregation of different
particle sizes normally occurs during handling and transport.
This results in variation in the quality and strength of concrete
and is taken care of by the margin between the average and the
minimuny strengths. This margin can be reduced by gap grading,
as thore are fewer different sized particles and there are lesser
possibilities of segregation during handling and transpartation,

.. From the design point of view, the advantage of gap grading
i that a coarse aggregate can be built upsoas to possess the
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requisite amount and size of voids to cater to the needs of absor-
bing the available sand grading. The present practice in mix
design is to grade the aggregato (both fine and coarse) in such a
manner as to reduce the voids in them to a minimum and there-
by reduce the quantity of the cement paste required, so as to

produce a concrete mix that is workable for casy placement and.

compaction with a minimum water-ccment ratio. A low void
ratio often requires such a small percentage of sand that, except
under special conditions of vibrations, the mix cannot be com-
pacted. The gap created in the grading by the omission of certain
sizes can be used to open the coarse material sothat it can accept
a more workable volume of sand as well as a sand of a coarse
grading.

2, PROBLEM

The general practice in India with respect to concrete propor-
tioning today, although the knowledge of mix design is quite
well advanced and appreciated, is to adopt, unfortuna.t.ely, the
conventional 1 :2:4 concrete and the amount of water is stipulated
so as togive } to | in. slump for concrete pavements. However,
concrete required for pavementsshould be of a high quality where-
in high strength and uniformity are aimed at. To produce such
a concrete, a mix carefully designed, based on the available
aggregates and mode of compaction, together with a proper cont-

rol over the uniformity of the ingredients, method of batching
and mixing, placing and curing is desired.

The specification in vogue for the fine aggregates restricts
very much the quality of sand in respect of its gradation. There-
fore, in many cases, sands have to be brought from far off places

and the cost of concrete increases considerably depending upon
the lead.

It has been pointed out earlier that good quality concrete
can he produced by deliberately introducing proper gaps in the
coarse aggregate gradation, while using locally available sands
which are considerably ¢ poor ”” as compared with the sne-ifica-
gion. The use of vibration, together with the rational des
makes it possible not only to obtain relatively high strength
characteristics, but also enables one to use a mix which is leaner
by an appreciable amount than that normally employed.

al design,

The object of the present study is to illustrate that a high
quality pavement concrete can be produced by wsing gap graded
conerete principle, with sands which are considered quft.e inferior
when compared with specification limits and also to compare t}fa

v
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cement content as well as the strength characteristics of such gap
graded concrete mixes with those of continuously graded ones.

A~

3. MATERIALS
3.1. Fine Aggregates (Sands)

The four gradations of sands used in this study are shown
below in Table 1 and Fig. 1, and are based on the four zones
(see Appendix 1) proposed by Newman and Tychenne’ and
accepted by the British Standards. The individual gradations
were so chosen that (1) each gradation falls in each zone, 12) they

r
|

1004 - -
90

3 8

501

PERCENTAGE PASSING
o
=3

100 52 25 1 7 3/16
B. S. SIEVE SIZES

FIG-. GRADING OF SANDS

produ&“as'guch gaps as possible and (3) they follow the medians
of the zones where gaps are not provided. -

It may be pointed out at this juncture that the gradations
have been chosen to represent poor gradations of sands only and
the method of selection of the grading has no special significance

except that the four gradings fall in the four zones classified by
Newman and Tychenne.

‘v The sand used was Badarpur sand, washed, screened into
different sizes and recombined to give the desired gradation.
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TaBLE 1
Sieve Tercentage by weight passing

size | ' B
Sand “A* | Sand “B” Sand “C”’ | Sand “ D"

3/16 in. 100 100 100 100

RB.S.8. No. 7 95 100 100 100

14 70 99 100 100

25 23 47 (53 100

52 13 20 28 33

100 5 5 5 8

Fineness
modulus (F.M.) 2,92 2.38 1.92 1.50

3.2. Coarse Aggregate

The coarse aggregate used in the study was Delhi gnartzite,
a crushed material. The aggregate was washed, sieved and re-
combined to get the desired gradation.

3.3. Cement

Cement was the one obtained from Delhi market. All of it
was thoroughly blended together and carefully stored in air-tight
containers.

4. DESIGN PROCEDURE

4.1. General

-In the design of the standard mix, as well as the gap gra.déd
mixes, the following points were taken into consideration:

1. The water-cement ratio was kept at 0.5, as the water-
cement ratio for pavement concrete used abroad generally varies
from (.49 to 0.528, :

2. The workability of the concrete mix was detormined by
the Vee Beé apparatus in terms of Vee Bee degrees (ref.r
‘Appendix 2). S
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Z '
.Th_e wor}cability of pavement concrete, generally used in

India, is to give } to ! inch slump, based on the available machi-

_nery for compacting the plastic concrete. Therefore, the con-

‘srete mixes were designed to give a workability of 11 Vee Beo
- degrees, which was approximately equivalent to 1 in. of slump.

3. In the standard mix, the gradation of aggregates as given
i;l. Rzoad Note No. 4° was used. The gradation is given in
ig. 2,

1001
90
80
70
60

PASSING

40/

PERCENTAGE

00 52 25 14 7 3he 38 & 1%
}-—-———-———a.s.smv: NDS. ————mm—e] ,] APERTUR/E SIZE~ INCHES 3

SIEVE  SIZES -
FiG-2 .GRADING OF COMBINED AGGREGATES

4.2, Standard Mix

As the gradation of the aggregate is fixed, the operation
of designing the standard mix becomes much simplified in that

_theegeeea’le cement ratio of the standard mix (i.e.) the cement

content of the mix) is varied, keeping the water-cement ratio the
same in all cases, so as to obtain the mix which would give the

desired workability.

4.3. Gap Graded Concete Mixes

4.3.1. Sand content of the mixes

'f}:blThe sand content in the gap graded mixes was as given in

® 2. This was based on preliminary trials made by using

U
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the four sand gradings. In the preliminary trials a.pl?ropr'ia,te
gaps in the coarse aggregate grading were given depe.ndn}g.upon
the particle size distribution of fine aggregates. Gap in 3/8 in. to

3/16 in. size group was given while using sands “A”* and «“B” an¢ -

gap in 3/4in. to 3/8 in. size group was given while using sands

“C” and “D”. The sand contents were varied from 20 to 35 pe» -

cent of the total aggregate. The final sand contents were based
on visual observations during mixing and handling and on the
slumped concrete, the Vee Bee workability and the compacted
concrete.

TABLE 2
Percentage by weight
Sand of combined aggregate
A 30
B 28.6
¢ 27.0
D 25.0

4.3.2. The gradation of the coarse aggregate

The coarse aggregates consisted of three sizes (1) 1} to 2 in.
(X)(2) % to 3/8 in. (Y), and (3) 3/8 to 3/16 in. (Z) and with each
sand gradation under study one size (say Y) was omitted but the
ratio between the other two sizes (X & Z) was maintained the
same as existing in the original gradation of coarse aggregate
for the standard mix.

In gap graded mixes, after fixingthe sand content and the
gradation of the coarse aggregate, the aggregate cement ratio of
the mixes was varied (as in the design of the standyd mix) keep-

ing the water.cement ratio constant till the mixes gave+ke Gosi:od
workability. '

. After proportioning the mixes in the above fashion, the ratio
between the two sizes was varied and keeping the aggreggate
cement ratio constant, the workability was determined. The
gradatidy of the, aggregate which gave a high workability (i.e., a
lower number of Veo Bee degrees) was taken and then the aggre-
gate cement ratio of the mix was varied to give the desirs .
workability, {

~

L

L
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The above process had to bedone since the ratio between any

two sizes of coarse aggregates is a function of the sand content of
-the mix (vide para. 1.3).

4.4. The concrete was mixed in a pan mixer for two minutes.
Cubes and beams were cast, the compaction being done by table
vibrators and the compressive and flexural strengths were deter-
mined after curing the specimens for 14 and 28 days.

5. RESULTS

The results of this investigation are given in Tables 3
and 4. The combined gradation of gap graded aggregates as well
a8 that of the ¢ standard” continuously graded aggregate is

given in Fig. 2. )L
Y N '-m o is. l
TasLE 3 Ce ! i !
{ Percentage by weight passing - R
!
\
Sieve size | Combined aggregate with
‘\ Standard
i mix(S)
| Sand A(4) | Sand B(B) | Sand C(C) | Sand D(D)
1% in. 100.0 100.0 100.0 100.0 100.0
2 in. 51.0 87.0 56.0 47.0 75.0
3/8 in, 30.0 28.5 56.0 47.0 60.0
3/186 in, 30.0 28.5 27.0 25.0 47.0
B.8.8.7 28.5 28.6 27.0 25,0 - 38.0
ny' -
kb 2 210 26.5 27.0 25.0
25 7.6 13.0 . 180 25.0
52 4,0 6.0 8.0
100 0.5 1.0
Fineness
1;,»‘pdulus 6.28 8.11
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TABLE 4
Properties of the various mixes ¢
- Aggre- + Yicld cement Strongth
Mix gute/ content I T
L eewment o . ;
No. ;:;'i‘gl]‘,y | Compressive* ' Floxural**

weight \baiizl/cu. bags/ 100
. |

cu. ft. |14 days 28 days 14 days]28days

A 5.4 5.26 10.45 3626 4713 408 492

3.3 5.36 10.90 3738 4832 398 ‘ 525
C 5.35 5.16 19.20 3477 4720 418 508
D 5,35 5.30 19.65 3601 4685%%* 400 502
S 4.9 5.65 20.90 3489 4751 381 516

* Average of 6 specimens,
** Average of 4 specimens,

ok F 5 i
Average of § specimens.

6. DISCUSSION
6.1. Properties of the Mixes

6.1.1.  Workability : The study deals with *dry” concrete
" mixes as practised in our country for concrete pavements. It is
well known that the slump test does not measure the workability
of concrete for ‘‘dry’ mixes further, it cannot distinguish
clearly two different mixes when their slump is less than one inch.
However, the slump test measures the wetness of the mix and ib
is understandable for employing it in the field to control the
water content of the design mixes.

LT

AR 71 7

The Swedish workability test known as  Vee Bee Test '
which is a natural descendent of Power’s apparatus 1° has
been employed to measure the workabilities of the various mixes
as it has been claimed *! that Vee Bee Test is the most suit-
able workability test for dry mixes requiring vibration.

6.1.2. Compressive and flexural strengths: Even a cursory

glance at the strength results will indicate that the compressive:

.

and flexural strengths of the gap graded mixes compare vex&q
well with that of the standard mix; in fact, there is no

<
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variation at all and the deviations among the strength values
can be easily accounted for as being due to testing error.

~To determine whether the claims made by early investigators
with regard to the increased strengths in gap graded mixes are
correct,.innumerable tests have to be carried out and the data
have to be statistically analysed. But the data so for collected
serves the purpose of indicating that good quality concrete can
be produced with locally available aggregates using gap graded
aggregate principle.

6.1.3. Sand content of the mixes: The sand content in any
concrete mix depends upon the voids in the coarse aggregate, the
quality of the mortar and the compactive effort. According to
Stewart!® when the ratio of coarse to fine aggregate is 3.5, there
is no excess of mortar (i.e., free mortar) in concrete. In other
words, the sand content required to fill in the voids of the coarse
aggregate would be 22 per cent of the combined aggregate. In an
ideal gap graded mix it would be better to keep the sand content
as low as possible so as to yield enough mortar to fill the voids
in the coarse aggregate frame work ; for other conditions remai-
ning the same compressive strength of the mortar is less than
that of concrete and hence the greater the volume of extra
mortar, the lesser the compressive strength. But, in terms of
workability the sand content cannot be kept so low as 22 per cent
of the combined aggregates.

The extra mortars in all the mixes are worked out and are
shown in Table 5. (For details see Appendix 3). From the
Table it is clear that the ‘‘extra mortar” in all gap graded
mixes is less than that of the Standard mix. It is, therefore,
justifiable to believe that the designed gap graded mixes will give
higher strengths for the same water-cement ratio and type of
aggregrates provided they are fully compacted.

N e TABLE 5
g o
. Extra mortar as per cent of the
Mix No. total volume of concrete
CAP L - 19,5
“B” ,20.2
Qe 20.5
“pn 19.8
:&

9 g 43.0

~
i
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6.1.4. Segregation: In gap graded mixes where the disparity
between the coarse and fine aggregate sizes is considerable, one is

prone to worry about the problem of ¢ segregation” especially”

when the sand content is kept low but the design of gap graded
concrete mix is a function of the vibrator (external stimulant)
which imparts the mobility and fluidity to the concrete during
the process of compaction. The plastic gap graded concrete
mixes which appeared to be ‘segregated”, when once placed in
the mould and vibrated, resulted in a well compacted concrete

without any honeycombing. This is further confirmed by the
strength results.

6.1.5. Limitations: In this connection, it should be borne in
mind that the mixes are designed for high quality concrete where
weigh-batching and quality control are absolutely essential. Gap
graded concrete mixes are not suitable for volume batching of
materials as being adopted in road construction in our country.
However, the findings of this study should encourage the adoption
of gap graded principle in air field constructions where facilities
for producing high grade concrete are available.

6.2, Economy of the Mixes

6.2.1. General: Inorder to compare the econo
) ) my of ga
graded concrete mixes with that of the ““standard ** con%,inuoé’slg
graded concrete mix, for the purpose of discussion the costs are

copsidered for one mile length, 24 feet width and 6 inches uniform
thickness of concrete pavement.

It is an accepted fact that the variation in th
e
concrete road construction depends mainly upon : cost of

(1) the cement content of the mixes

(2) the ‘“lead ”’ of the materials e

et

z'&s the material cost at site and the cons
remain generally the same in all parts of our co

of gap graded concrete mixes in terms of econo
as follows:

truction charges
untry, the merits
my are analysed

(1) Saving in cement

(2) Saving in lead
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¢ " 6.2.2. Saving in cement: The results given in Table 4 have

cloarly indicated that the gap graded mixes designed with four
types of ‘poor” gradations of sand used in the study are

-legner, i.e., their cement content is lower than that of the

standard mix.

The quantity of saving in coment and the amount of saving
in the cost of construction are given in Table 6 (for details see
Appendix 4).

TaBLE 6
Saving in cement (bags) Saving in cost of road
Mix when compared with construction
mix “ 8" Rs
A 906 6,342.00
“B” 634 4,438.00
“gn 1080 7,560.00
“pr 792 5,544.00

The saving in cost for the mix B is the least but even then
the saving is a sizeable amount which suggests the use of gap
graded concrete principle in designing mixes for high quality
concrete.

Mix proportions could have been worked out with the sand
gradation in question without adopting gap graded aggregate
principle to give the desired strength by increasing the richness
of the mix, i.e., the cement content, Such mixes, apart from
being uneconomical, are liable to shrink and creep more as

- shrinkage and creep are generally associated with the richness of

the mixes.

Therefore, when one is confronted with the problem of
designing mi.2s for pavements with ‘“poor” sands the only way
of proPSiiioning is to adopt a gap gradation of aggregates. It
may be added that even when the sands available satisfy the
specification requirements it is worth while designing mixes both
as continuous and discontinuous graded concrete and to choose
the leaner of the two mixes in terms of saving in cement.

6.2.3 S;vlng in “lead”: For the purpose of discussion it is
assumed that there is no, lead for coarse aggregate and even if
*here is a lead it is same for all the mixes. The assumption is
?uite valid in as much as the gnalysis is only to find oub the

.
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savings effected in the lead of sands while using the locally
available “ poor ’’ sands.

The lead of fine aggregates varies very much from region to
region and is of the order of 10 milos to 50 miles and in extreme
cages even 90 miles.

Once again, for convenience, the mix is assumed as 1:2 :4
by volume.

The cost involved for the various extra leads of sands required
for the construction of one mile length of road is shown in Table
7 (for details see Appendix 5).

TABLE 7

Extra lead in miles

10!20

30 l 40 50

Extra lead cost in Rs

0
|
i
|
|
i
|

4750 ‘ 7400

|
I

9700 ‘ 11900 \ 14300
i

From the Table it is clear that the extra cost of lead even for
20 miles is a substantial amount and the savings obtained by
using the locally available sand are enormous. There may, how-
ever, be slight increase in cost due to the use of certain con;bina.-
tions .of coarse aggregate sizes in some mixes. With judicious
selection of mixes, the extra cost involved is expected to be
negligible. Therefore, it can be logically concluded that when
the local sands satisfy the requirements of the specifications
except in terms of particle size distribution they should be used
in hxgb quality concrete, designed on gap graded theory rather
than importing sand from far off regions and consequently
increasing the total cost of concrete roads.

7. GONCLUSIONS

(1) The results of the study indicate that even v.ifh.tha nge
of poorly graded local sands, such as the four types examined in

the study, a high quality concrete can be produced using the gap
graded principle.

(2) Concrete mixes designed on gap graded principle permit
the use of locally available poor sands, thus resulting in substan-
tial saving in the cost of construction, in as much as the saving

due to the extra lead involved in bringing sand from distant

places may, in certain cases, be substantial. There may, how"

ever, be a slight increase in cost due to the use of certa.i(;"'\
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sombinations of coarse aggregate sizes in some mixes. With a
judicious selection of mixes, the extra cost involved due to this
is expected to be negligible,

(3) The use of gap graded concrete besides utilising local
sands, can also result in a saving of cement.
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Appendix 1

Suggested limits for the four grading zones

I

| Percentage by weight passing B. S. sieve size

| _ S
\
|

B. S. sieve size

Zone 1 Zone 2 Zone 3 Zone 4

3/16 in. Y-—100 90—100 90—100 95—100
7 60— 95 75 —100 R5-—~100 95—100

14 30— 70 55— 90 75—100 90---100

25 15— 34 35— 59 60— 79 80—100

52 5— 20 10— 30 15— 40 15— 30

100 0— 10 0— 10 0— 10 0— 15
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) Appendix 2
Determination of workability by Vee Bee Apparatus
~pparatus

The Vee Bee apparatus consists of (1) a vibrator table rest-
ing upon elastic supports, (2) a metal pot, (3; a sheet metal
cone, open at both ends, and (4) a standard iron rod.

The vibrator table is 38.0 cm. long and 26.9 cm. wide and is
supported on rubber shock absorbersat a height of about 3.5 cm.
above floor level. The table is mounted on & base which rests on
three rubber feet and is equipped with an electrically operated
vibrator mounted under it operating on 220 volts, three phase,
50 cycles alternating current. A sheet metal cone open at both
ends is placed in the metal pot and the metal pot is fixed on the
vibrator table by means of two wing-nuts. The sheet metal cone
is 30. cm. high and its bottom diameter is 20 cm. and top
diameter 10 cm. A swivel arm holder is fixed to the base and
into this is telescoped another swivel arm with funnel and guide
sleeve. The swivel arm can be readily detached from the vibrat-
ing table. The graduated rod is fixed on to the screws. The divi-
sions of the scale on the rod records the slump of the concrete cone
in centimetres and the volume of concrete after vibration of the
cone in the pot. The standard iron rod is 2.0 centimetre in dia-
meter and 50. cm. in length. The electrical appliances mounted
on the base of the equipment consist of a fixed plug and con-
nector for the electric supply cable - plug and socket contacts

for the detatchable cable connected to the vibrator and a control
switch.

Procedure

A slump test as described in Appendix C of IS: 456 is per-
formed in the sheet metal cylinderical pot of the apparatus.
The glass disc attached to the swivel arm is moved and is placed
just on top of the slump cone in the pot and, before the cone is
lifted up, the position of the concrete cone is noted by adjusting
the glass disc attached to the swivel arm. The metal cone is then
lifted up and.#\ie slump is noted on the graduated rod by lower-
ing the=gizss disc on top of the slumped concrete cone. The
electrical vibrator is then switched on and the concrete is allow-
ed to spread out in the pot. The vibration is continued until the
whole concrete surface uniformly adheres to the glass dise and the
time taken for this to be attained is noted with a stop-watch.
The time is recorded in seconds.

The workability of the conorete is expressed in VB.degrees -
which are equal to the time in seconds recorded.

(Yased on the Draft Indian Standard Methods of Testing Con-
céate), .
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. Weight in Absolute volume in
Appendix 3 Materials pounds ou. ft.
‘ N
. . . 100
Extra mortar in various mixes . Coment 100 RIS 0.510
o . . ' 151
Specific Gravity of Materials Sand 151 Sie ey "0
Cement = 3.14 379 2,990
4, . . 3790 e oo =2
Sand - 242 Coarse aggregate 2.63%62.5
-
Qoarso aggregate = 2.63 Wator 50 g‘%=0.795
Water = 1.00
Total volume =4,509 cu. ft.

Unit weight of coarse aggregates

Absolute volume of mortar

=2.219 cuft.
Mix No. Unit weight (pounds per cubic foot) (Cement +-sand - water)
Volume of mortar required to fill _ 2.290 x 57 —1.305 ow. ft
the voids in coarse aggregate 100 ' o
A 104
e 103 Extra mortar in the mix =2.219—-1.3056=0.914 cu. ft.

SN 109 Extra mortar (absolute volume)  ( g14

¢ rcentage of concrete (absolute = .
“pD Ho asg percentag ( 4.609
volume)
* K‘S 1 107

=20.2 per cent

Example : Consider mix <« B”.
Aggregate cement ratio = 5.3

Sand content as percentage of combined aggregate = 28.5

Unit weight. of coarse aggregate = 105 1L per cu. ft.
Absolute volume of aggregate = 10?, - =0.637 cu. ft.
2.63x62.5
Volume of voids in coarse aggregate = 1-0.637
= 0.363 cu. ft.
Volume of voids as percentage of absolute 1} —_—0%9257{00

volume of coarse aggregate J =57 per cént
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Appendix 4
Saving in cement
Concrete road :—length — one mile ; width —- 24 ft and
uniform thickness=6 in,
Volume of concrete for one mile road =63360 cu. ft.

Cement =Rs 140 per ton.

1. Yield of concrete
Example: Consider mix ¢ C

Aggregate cement ratio = 5.55 by weight

Sand content = 27 per cent of combined aggre-

gate

Matorials V\}f)(;i‘%;lgsin Absolut:u"roflzme in
Cement 100 §—114~%<%~5 = 0.510
Sand 149.5 2%;—5 = 0.902
Coarse aggregate 405.5 2‘3:?3<22‘5= 2.461
Water 50.0 %(2)—? = 0.795

Total volume = 4.668 ;:fx. ft.

100 1b of cement yields = 4.668 cu. ft. of concrete -

Cement required for one cubic yard of concrete =]00X97

4668 Ib

(1 bag of cement = 112 1b) =5.16 bag
Similarly, cement required for 100 cu. ft. of concrete

_ (100x100) 1
= Te68 xm_19.20bags
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YIELD

\ .
Mix No Cement in bags

or pu. ft.
per cubic yard per 100 eu. ft

AT 5.26 19.45
“B” 5.36 19.90
“on 5.18 ' 19.20
“p» 5.30 19.65
“g 5.65 20.90

2. Saving in cement when compared with standard mix (mix «§*).
Erample -—mix <D,

Cement saving while using mix “D” instead of the standard
mix “S” per 100 cu. ft. of concrete =20.90—19.65=1.25 bags.
Saving in bags while using mix “D *’ instead of mix 8 > in one
mile length of concrete road (6,33,60 cu. ft.)

=1.25x 633.6 =792 bags =Rs 5,544.00
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Appendix 5 «“ SELECTION OF SUITABLE STABILISER FOR

Extra lead cost for sand J CHECKING CAPILLARY RISE OF WATER
FROM THE SUBGRADE*»

Concrete 1:2:4 by volume.
Concrete road: length one mile; width 24 ft. : uniform By
thickness = 6 in.

Dr. 1. S. Urprar*

Sand content = *44.5 cu. ft. per 100 cu. ft. of concrete.
CONTENTS
*Ulay 8 \
Lead ( mtagoo(é};zllﬁfs per 100 cu.ft. Pa.ge
- 1. Introduction 315
R 2. Object of the Study 316
10 miles - 16.81 3. Preparation of Test Specimens w317
20 miles — 26.19 4. Tests Performed 317
30 miles - 34.31 5. Resistance to Abrasion 321
40 miles — 42,46 6. * Effect of Bitumen Cut Back on the Propertles
50 miles - 50.56 of Other Soilsg 322
7. Density, Compressive Strength & Water
Absorption v 322
1905* Based on (.P.W, D., Delhi schedule of rates. and analysis of rates 8. Effect of Addition of Bitumen Cutback on the
Capillary Rise of Water, Swelling and Com-
. pressive Strength of the Compacted Blocks
Example :» 20 miles extra lead cost when p]a,ced Over Wet Sand 323 .
Volume of concrete — (24) (0.5) (5280)=63,360 cu. ft. 9. Conclusions 327
Volume of sand = 63,360 % 0.445 =28,195 cu. ft. 10. Trials Under Field Conditions 328

Extra cost of lead = Rs 7384, say Rs 7400.

1. INTRODUCTION

1.1. It is well known to all those connected with the cons-

e truction and maintenance of roads that under similiar condi-
tions of subgrade soil, thickness of the road crust and. traffic

mtenslty, the deformation of roads is comparatively much

greater in the waterlogged areas than in the drier areas. Due

to the rise in the height of water table, particularly in the rainy

* Research Officer, B. & R. Researc}; Laboratory, Karnal,
13
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season when the water table at many places rises to a level
close to the ground surface, the subgrade becomes saturated
and its bearing capacity becomes low with the result that the
road begins to settle under traffic and fails in due course, -

1.2. In some cases the failure of the road is also due to the
presence of harmful salts, like sodium sulphate, which expand on
hydration and disrupt the surface. These salts travel up with
the capillary moisture from the subgrade and crystallise near
the surface resulting in its disintegration.

1.3. It is, therefore, necessary that a special design provid-
ing some sort of treatment for checking the capillary rise of
subgrade moisture to the road crust should be prepared for the
construction of roads in waterlogged areas.

1.4. Application of certain cold penetration bituminous
materials on the surface of the subgrade has been recommended
by Mehra and Uppal for checking capillarity!. This method has
been tried in a couple of miles in the field as an experimental
measure and the results are under observation. While adopting
this treatment on the field scale it was, however, felt that very
great care has to be exercised in spraying the primer uni-
formly and guarding it till the next soil layer has been laid over
it. The primer layer, being thin, chips off even with the feet
when some one walks over it, thus providing a point for the
water to penetrate easily. As such, the treatment presents
practical difficulties in its field application on a large scale.

2. OBJECT OF THE STUDY

2.1. Further laboratory investigations were, therefore,
undertaken to find out a more suitable treatment for checking the
capillary rise of water from the subgrade to the base course. As
bitumens are known to be good waterproofing materials and
are commercially available, the study was confined to their use

only. Accordingly, the following five bituminous products were
tried:

i?l?%)?iitRbSclsc (Burmah Shell Product)

Liquid asphalt No. 2 {Standard Vacuum Oil Product)
Bitumen emulsion containing 60 per cent bitumen

Bitumen cut-back locally prepared from 80/100
bitumen, ‘

A
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2.2, In the first instance, experiments were carried out on
sandy loam soil only as this type of s0il having greater bearing
strength in wet state than the other soils is usually recommended

-for base course. The soil used had the following physical charac-
teristics :

Liquid limit 31.5

Plasticity index . 6.9

Sand content 56.7

Sulphate Nil

Optimum moisture required for compaction=13.0
per cent

3. PREPARATION OF TEST SPECIMENS

3.1. 200 gms. of 10 mesh soil mixed with the requisite
quantity of stabiliser were compacted as usual in the modified?
Abbot’s compacting apparatus giving 40 blows of 5} lbs rammer
falling through a height of 12 in. in a cylindrical pipe of 2.5 in.
internal diameter. The blocks were first dried in the sun and then
in the oven at 70°C. to a constant weight.

3.2. The stabilisers were mixed in the wet soil at higher
moisture content (about 25 per cent water by weight of dry soil).
The mixtures were then spread in the open till the moisture came
down to the optimum when they were compacted into specimen
blocks. Bitumen emulsion was diluted with water to the extent
of optimum moisture and was then mixed in the soil. In all
cagses optimum moisture was determined for each mixture sepera-
tely and compaction done at that moisture content.

4.'A TESTS PERFORMED

4.1. The specimen blocks prepared with different binders
were subjected to the following tests :

(i) Dry bulk density
(ii) Compressive strength in dry condition

(iii) Resistance to softening action of water by actual
immersion in water

(iv) Moisture absorption through capillary action

(v) Compressive strength in wet state
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4.2. Dry bulk density was determined as usual by mercury )

displacement method while the compressive strength was deter-
mined by means of Laboratory Carver Press. For testing the
resistance to softening action of water, the blocks werc immersed
under water contained in a trough and their condition noted
every day for a period of seven days. Moisture absorption
by those blocks which remained intact was then determined. The
results of all these three tests are shown in Table 1, from which
it would be seen that the density and compressive strength im-
proved with the addition of 2 per cent of cach of the above five
stabilisers but there was no further improvement in these pro-
perties on increasing their quantities even to 6 per cent. The
resistance to moisture absorption, however, improved with
the increasing quantities of bituminous products. The liquid
asphalt No. 2 and the cutback prepared in the laboratory were
found better in this respect as even with the addition of 4 per
cent of these stabilisers in the soil, the total moisture absorbed
was much below the optimum moisture. Even the presence
of 2 per cent of these products in the soil made the blocks stand
intact in water for a week although the moisture absorbed was
slightly more than the optimum moisture.

TaBLE 1
&1 N [ o, | Compressive |0 moisture absor=
“ “ Stabiliser Wﬁé ; r{':::l/b_lt?' strength (dry) hed after 7 duys’
o | o7 " Jré-’ +/ GG 1 (Ib per sq.in.) |immersion in water
1. Shelhinac 2 1.87 810 Disintegrated

RC 3 4 1,86 790 18.1

6 1.87 841 8.0

2. Adobe cut-back 2 1.92 636 —

) 4 1.93 600 18.0

6 1.1 610 8.5

3. Liquid asphalt 2 1.93 790 16.2

No. 2 4 1.95 816 8.5

6 1.95 790 7.5

4. Laboratory made 2 1.91 760 - 154

cut-back (9:1 of 4 1.02 816 10.2

Bitumen: K. oil) 6 1.89 790 6.6

3. Bitumen 2.5 1.93 720 —

emulsion 5.0 ° 1.89 690 16.1

6. Blank — 1.85 475 Disintograted
at once

CAPILLARY RisE oF WATER FROM SUBGRADE 319

4.3. Moisture Absorption through Capillary Rise and compres-
sive strength in Wet State

.. Each test block was placed over 1 in. thick layer of wet sand
contained in a cylindrical iron mould having false bottom. These
moulds were then placed over wet sand with water level about
1/8 in. above the sand in a trough. The moisture absorbed was
noted at intervals of 24 hours for seven days. The observations
were further continued till the blocks got saturated and absorbed
no more water. The number of days required for saturation of
each block was noted. The results are given in Table 2.

4.4. It would be seen from these results (Table-2) that the
addition of Liquid Asphalt No. 2 and laboratory made cutback
again proved much more effective in reducing the rate of mois-
ture absorption as well asthe total amount of water absorbed.
With the presence of 4 per cent of these stabilisers in the soil the
saturation point was obtained within a fortnight although the
total moisture was of the order of 12 per cent and still below
the optimum moisture of the soil. The tops of the blocks were
still dry although the moisture appeared on the sides. Rate of

moisture absorption with 4 per cent stabiliser in soil mass is
graphically shown in Fig. 1.

20
k-]
®
2
s 16
]
L2
«
o s
=
ey
=5
e
£ ¢ 1. Shellmac RC'3
E . 2. Adobe cut-back
b 3. Bitumen emulsion
- 4 4. Liquaid asphalt No, 2
(%) 5. Lab. made cut-back
~ e

s
© 1 2 3 & 5§ ¢ 7 10 13 i§ w
Number of days for moisture absorption

Fig. 1.

4.5. The saturated blocks were now subjected to compres-

sive force and the results are shown in the last column of Table 2,
It would be seen from these results that the compressive strength
under wet conditions increased with increasing quantities of
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TABLE 2

Effect of the stabilisers on the capillary rise of water in stabilised soil blocks, and

on the compressive strength of blocks in saturated state

wet state

Strength of
Ibs persq. in.

| Compressive
the blocks in

aungsIont
uolgrINg By

_—
uoljeanyys

a0}
sdep Jo 0N

} General
- J’ condition
fafter 7 days

7

....days

Per cent water absorbed after.....

'

m_._
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Name of stabiliser
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luminous materials and the results obtained with asphalt No.
2 and laboratory made cut-back were again better than those
obtained with other stabilisers used in this study.

5. RESISTANCE TO ABRASION

Although the resistance to abrasion is not actually relevant
to the study because the experiments were conducted for
the sub-base which is not directly exposed to traffic, yeb this test
was performed on the specimen blocks to see the effect of various
stabilisers on this property. For this purpose, Dorry’s abrasion
testing machine was used and the loss in weight was determined
after 500 revolutions. Coarse sand passing 10 mesh and retained
over 40 mesh was used as abrasive material. The blocks were kept
under a weight of 200 gms. while under test. Loss in weight per
square inch of the surface area was determined. The results are
presented in Table 3 from which it will appear that the resistance
to abrasion appreciably improved with increasing quantities of
bituminous materials. In this case also the liquid asphalt No.
2 and laboratory made cut-back gave better results.

TasLE 3

Effect of various stabilisers on the abrasive resistance
of the stabilised soil

o ) Loss of weight per sq. in,
z Stabilisgers Perg::;age in gms. per sq. in, area
) after 500 revolutions
— ]
1. Shellmac R, C. 3. 2.0 20.6
4.0 14.0
6.0 1.6
2. Adobe cut-back 2.0 27.2
4.0 8.8
_ 6.0 1.8
3. Liquid asphalt No. 2 2.0 16.8
4.0 7.0
6.0 1.2
4. Bitumen emulsion 2.5 19.6
5.0 5.2
5. 9 parts bitumen of 2 19.9
80/100 + 1 part of 4 44
kerosene oil cut-back 6 1.2
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6. EFFECT OF BITUMEN CUT-BACK ON THE PROPERTIES
OF OTHER SOILS

6.1. Perusal of the preliminary results given in the preceding
pages will show that the incorporation of 4 per cent laboratory
made cut-back in the soil gave satisfactory results with regard to
the all round improvement in the various engineering properties
of the soil mass. Investigations were, therefore, further extend-
ed on the use of this material in different types of soils available
in Punjab and attempt was made to find out the optimum
quantity of bitumen cut-back required for waterproofing them.
The composition of the cut-back was, however, slightly changed
to make it more workable. 80 parts of 80/100 bitumen were
blended with 20 parts of kerosene oil and 1 part of hard paraffin
wax was added to the mixture because in another study conduct-
ed in connection with the waterproofing of mud mortars it was
found to have improved the waterproofing properties of the
bitumen to a considerable extent.

6.2. The characteristics of the soils used in these investiga-
tions are given below:

8. No. Type of soil Sand . L. L, P. 1.
content,

1. Sandy loam 547 24.5 6.4

2. TL.oam 43.6 31.3 10.8

3. Silty loam 17.2 29.1 10.2

4. Clayey soil 9.5 41.2 19.4

6.3. 'The method used for the preparation of specimen blocks
was the same as given before and the tests performed were also
the same. An additional test for determination of swelling due
to saturation of moisture was, however, performed on these
blocks.

7. DENSITY, COMPRESSIVE STRENGTH & WATER
ABSORPTION

The results of density and compressive strength in dry
and wet state and the per cent saturation moisture attained by
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immersion are given in Table 4. It would be seen therefrom
that in the sandy soil the compressive strength steadily improv-
ed with the addition of cut-back up to 5 per cent, whereas in the
graded soil the maximum compressive strength and density were
obtained with 4 per cent cut-back and further addition of cut-
back tended to weaken the blocks. In the case of silty soil
also maximum strength was obtained with 4-5 per cent cut-back
and further increase in the proportion of cut-back decreased
the strength. In the clayey soil, however, the strength increased
with the addition of only 2-3 per cent cut-back and further in-
creage in the stabiliser resulted in weakening of the blocks even
to lower strength than the plain blocks. The saturation moisture
decreased with the increasing quantities of cut-back in almost
all the soils and was the lowest in the case of loam soil which
also showed good compressive strength under saturated condi-
tion. Silty soil blocks absorbed maximum amount of water.
In the case of clayey soil the blocks containing 2 and 3 per cent
cut-back cracked when placed in water for some time, but
those containing higher quantities of cut-back stood very satis-
factorily. Water absorption in clayey soil, however, increased
when the quantity of cut-back was increased beyond 5 per cent.
On the whole, the addition of 5 per cent cut-back in the sandy
soil and 4 per cent in the remaining three soils gave satisfactory
results. The compressive strength results of dry blocks are repre-
sented in Fig, 2 (A).

8. EFFECT OF ADDITION OF BITUMEN CUT-BACK ON THE
CAPILLARY RISE OF WATER, SWELLING & COMPRESSIVE
STRENGTH OF THE COMPACTED BLOCKS WHEN PLACED
OVER WET SAND

8.1. The blocks were placed in hollow cylindrical moulds

having false bottom which were then placed over wet sand with

water level about §in. above the sand contained in a trough. The
moisture absorbed was determined at intervals of twenty-four
hours for nine days and the results are shown in Table 5. The
results indicated in 216 hours column also represent the satura-
tion point attained by the blocks due to the capillary rise. The
swelling of the blocks on saturation was determined by measur-
ing the volume of dry blocks and then after saturation. These
results are also shown in Table 5. After saturation these blocks
were also subjected to compression test to find out their resist-

ance to loading and the results are shown in the last column of
Table 5. '

14
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)
4 TaBLE 4
Q
2 4 Effect of addition of bitumen cut-back on the density,
fg compresssive strength and moisture absorption
< capacity of various soils
g e
g b M . Compressive | Per cent satu~ Compressiye
: ° = T g Density strength (dry)| ration moisture strength in
g 1o E 3 g-? ————wf——— | attained by | Wol state
o8 s immersion unde .
2 (8 z“’ A 2|Gms. per c.c.| Lb per &q. in. water for 10 day: Lb per sq. in.
| .
g ne N
@ Sandy 0 1.91 750 Failed in 40 mts. —
g 2 1,99 1116 13.6 22
® 3 1.95 1200 12.5 15
- . 4 1.92 1268 7.2 86
o 5 1.90 1443 - -
'E 6 1.95 1417 1.6 70
@
o . Loam 0 1.82 771 Failed in 5 hrs. —
5 o 1. Sandy soil 2 1.90 1200 12,7 141
E 2. Loam soil 3 1.90 1230 11.7 136
] 4 1.91 1250 10.4 131
190 3. Silty soil 5 1.84 880 6.1 . 169
. 6 184 877 6.1 224
4, Clayey soil
Silty 0 1.88 615 Failed in 2 hrs. —
=~ 1rap 2 . L2 1023 Cracked —
] 3 1.91 1350 18.1 21.60
PR 4 1.91 1362 16.3 28.80
3 5 1.84 1400 145 55.00
> 1508 6 1.84 1117 10.8 67.00
z R Clayey 0 1.99 1625 Failed in 5 hrs. —
g 2 1.99 1040 Cracked -
- 3 1.85 1908 Cracked —_
g '3 4 1.84 1742 8.4 —
: 5 1.84 1267 7.1 —_
g‘ g (A) (] 1.84 1154 12,6 96.00
o tioo
S 8.2. It would be seen from these results that all the soils
@ containing bitumen cut-back attained saturation within a period
o 800 of 144-168 hours. Except in the case of clayey soils, in which
3 case the moisture absorption first decreased with increasing
4 \e quantities of bitumen upto 5 per cent and then started increa-
B T 2 sing, the saturation moisture due to the capillary rise of water
@ Y as well as the swelling steadily decreased with the increasing
& quantity of cut-back. Here also 4-5 per cent cut-back gave
g s0 T p good results in all the soils. The silty loam blocks which absor-
T ° 1 2 3 4 bed sufficient moisture, when immersed in water (Table 5), gave
Per cent cut-back. very encouraging results when subjected to capillary test both
Fig. 2

with regard to the moisture absorption as well as the com
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TABLE 5

Effect of addition of bitumen cut-back on the rate of capillary rise of water and swelling

of the compacted blocks when placed over Wet sand
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pressive strength in saturated condition. The tops of all the
blocks containing 4 per cent and above of the cut-back were
found dry after the experiment. The results of compressive
strength in wet state are graphically represented in Fig. 2 (B)
and those of saturation moisture due to capillarity are shown
in Fig 3.

1. Sandy
16 2. Loam

Per cent saturation moisture (capillary rise)

orl' L]
1 3 4 5 s

Per cent bitumen cutback
Fig. 3

9. CONCLUSIONS

Addition of 5 per cent cut-back (4 per cent active
bitumen content) prepared from 80/100 bitumen to any type of
soil covered by the range of four soils tried in the presesnt in-
vestigation can appreciably increase its normal resistance to
softening action of water and deformation under saturated
condition. This percentage can, therefore, be used for stabili-
sing and waterproofing of such soils for the construction of the
sub-base particularly in the heavily waterlogged areas, before
the road crust is laid. A highly clayey soil may prove tricky
with slight variation i quantity of cut-back but sandy and
graded soils can be safely used for this treatment.
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t0. TRIALS UNDER FIELD CONDITIONS

10.1. In another set of experiments the effect of an inter-
mediate layer of bituminised soil on the capillary rise of water
through the subgrade to the upper soil layer was studied by creat-
ing artificial waterlogging conditions in the laboratory. For this
purpose, a rectangular wooden hollow mould having two opposite
wooden sides fixed and the other two opposite sides fitted with
sliding glass plates was used. At the bottom of this mould
a brass wire of 40 mesh was fixed and then clayey soil was com-
pacted upto 4 in. height to represent subgrade in the field, Over
this another layer of 4 in. thick compacted soil of base course

specifications (P. I.=6 per cent and sand content=50 per cent)
was laid.

10.2. In another similar mould, a 2.0 in. thick compacted
layer of sandy (base course) soil premixed with 4 per cent by its
weight of bitumen cut-back was sandwitched between the sub-
grade and the base course layers.

10.3. For the sake of comparison, a third similar mould was
prepared in which a layer of shell primer prepared by dissolving
50 parts of 80/100 bitumen in equal quantity of diesel oil was
given between the subgrade and base course layers. The quantity
of shell primer used was at the rate of 40 Ib per sq. ft. as
recommended by Mehra and Uppal . The primer was used hot
in two coats and allowed to penetrate into the subgrade soil and
set on the surface before putting the base course layer. Com-
paction of soil in all the three moulds was done under similar
conditions to ensure uniform density in all cases.

10.4. All the three moulds were then placed over wet sand
contained in seperate enamelled trays. Sufficient water was
maintained in the trays to ensure its thorough contact with the
subgrade at its lower end. The arrangement is shown in
Photo Samples were taken from each mould and at the same
height at different intervals by boring the soil layers horizon-
tally with the cork borer. The results are given in Table 6.
It would be seen therefrom that in the case of mould containing
no waterproofing treatment the capillary rise of water into
the base course was quite rapid as within a fortnight the lower
half of the base course absorbed 12 per cent moisture. In
the second mould containing bituminised soil layer there was
practically no absorption of water by this layer for two months
and the top base course soil was quite dry. After about five
months, however, this bituminous layer was found to have
absorbed 3.5 per cent moisture, but the top base course layer
was found to have absorbed only 1.8 per cent water.

10.5. In the case of the third mould in which primer was
used to check up the capillarity, moisture started penetrating

Photo |
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through the primer layer after about a fortnight so that at the
end of about 1} month the lower layer of the base course had
absorbed over 5 per cent water and at the end of 5 monbhs
almost the whole of the base coursc was found o be wet
having absarbed about 7.5 per cont watcr.

10.6. To check on the above results, fresh moulds were
prepared with the last two specifications and subjected to the
same test. Three samples in each case were taken from right,
centre and left at a point 1 in. above the top of subgrade at
intervals of 45 and 90 days and tested for moisture content, The

results along with the average of the three readings are given
below :

Per cent moisture

?
Treatment é No. ,G{ -
| daps : |
} . Right | Centre | Left |Average
t. Primer 45 4.5 7.4 8.8 6.6
90 7.0 7.0 7.8 7.3
?. Bituminised : 53 BRI 1.3 6.7 1.03
soil layer 90  rf 0.2 3.5 1.80

It would appear from these results that the compacted layer
of bituminised soil is far more effective in checking the capillary
rise of water than the primer treatment.

10.7. The quantity of bitumen cut-back at 4 per cent by
weight of soil for 100 sq. ft. of the 2 in. thick loose layer compac-
ted to about 1.5 in. would be approximately 45 1b as against
40 1b of primer for 100 sq. ft. aresn. The difference of 5 1b

is not much as compared with the advantage gained over the
primer treatment.
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REPORT OF PANEL DISCUSSION
ON
CEMENT CONCRETE ROAD SURFACING

INTRODUCTORY NOTE

With a view to obtain and exchange up-to-date information
and experience on cement concrete road construction in India, a
Panel discussion on the subject was arranged at the 16th, 17th,
and the 18th Sessions of the Indian Roads Congress. The Council
at their 43rd meeting held on the 9th February 1954 appointed a
Subcommittee to examine the discussions and draft answers to
the questions before their publication in the Journal of the
Indian Roads Congress. The finalised answers as drafted by the
Committee were circulated to the members of the Council for
comments and advice regarding their publication in the Indian
Roads Congress Journal. The comments received were passed on
to the Committee to reconsider the answers before they could be
considered for publication. This Committee at their sittings
in May 1957, January 1958 and August 1958 considered the com-
ments of the members of the Council and the answers as
finalised by the Committee are given below :

Q. 1. When do you adopt cement concrete surface in preference to
other types of surfaces ?

The selection of type of surface will, in general, depend on
the nature of locally available materials and its cost, on the
nature of the soil over which it is to be constructed, on the type
and intensity of traffic it will be called upon to carry, and on the
expected life of the surface under given conditions of traffic.

Concrete surface has been preferred over other types‘ in the
following situations:

(i) Where the traffic is heavy, ie., the total daily traffic
exceeding 2,000 tons per day, or the daily bullock cart
traffic being not less than 750 tons.

(iiy Where suitable supplies of road stone for soling,
metalling or pitching do not exist, or are costly due
to the long distances they have to be transported from
the quarries.

(iii) At hair-pin bends on hill roads.

(iv) On top of causeways and road dams where water
would wash over during rains.
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(v)

(vi)
(vii)

(viii)

(ix)
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Where it is necessary to render the road surface
impermeable to water.

In narrow lanes and busy markets where the road
surface is not open to the sun and so requires frequent
cleansing to ensure proper sanitation.

In city streets where facilities for the drainage of
storm water are poor or non-existent, and where such
water is likely to run over the road surface.

In urban roads where it is desired to avoid frequent
road repairs and the consequent interference with
traffic in congested areas caused by stacked materials,
road plant and the actual re-surfacing work. It may
be pointed out that in such instances, by special
arrangement, the service pipes and cables, etc., should
be made easily accessible withott the need for open-
ing up the road at intervals.

For the outer lanesof carriageways with four or more
lanes of traffic carrying both pneumatic and steel-tyred
vehicles, the concrete surfacees tend to draw slow
moving steel-tyred traffic, helping a freer movement.

Q. 2. What types of base courses do you provide under cement
concrete surfacing when the subgrade is: rock, gravel, sand,
sandy clay, clay, silt or black cotton soil ?

(1)

(ii)

(iii)

On rock : On rock the base should consist of a layer
of lean mix concrete of 1:4:8 proportion, sufficiently
thick to cover all protruding irregularities and thus
provide a smooth and firm working surface.

On gravel and sand: If the gravel or sand is well-
graded so that a high bulk density can be obtained,
and if it can be compacted to a smooth and regular
surface, a base course may not be necessary.

If the grading is poor so that a high bulk density
cannot be obtained by compaction alone, it may be
improved by adding imported material or by provid-

"ing a base course of suitably graded granular

material, water-bound macadam, stabilised soil or
lean concrete.

On sandy clay: with a thoroughly stable soil the
base may consist of a well compacted layer of suitable
granular material, stabilized soil or water-bound
macadam. On a soil of low stability the same

(v)

(vi)
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materials should be used, but laid to a greater
thickness.

Alayer or two of flat bricks or broad-based rubber
soling, (limestone, laterite or granite stone 6 in, to
9 in. thick), with either a 4 in. to 6 in. thick layer of
water-bound macadam of stone, or a 3in. thick layer
of jhama, laterite or kankar and a 3 in. thick layer of

. water-bound macadam of stone over it has been found

satisfactory on sandy clay subgrades.

There are also instances where cement concrete slabs
have been laid in the last few years directly on a 6 in.
base of jhama or laterite metal and these are still
functioning satisfactorily. These roads would need
careful observation in the years to come.

On clay: It isof the utmost importance when laying
concrete roads on cohesive soils, such as-clay, to ensure
that the clay is not too wet at the time it is covered
and secondly, to cover the clay with a waterproof
base such as stabilised soil (soil cement) or lean
concrete, this is necessary to prevent softening of
the soil by the ingress of water through cracks or
poorly maintained joints in concrete. The provision
of such a base of adequate thickness will .reduce the
gtresses imposed on the soil to within safe limits. "It
is difficult to compact a base. course when the soil
consists of & heavy plastic clay, and it is generally
desirable to cover the heavy clay with a sub-base,
This would consist of granular material such- as
moorum 4 in. to 6 in. thick. If the clay is sufficiently
dry and hard to enable the base to be properly com-
pacted, the provision of this sub-base will not be
necessary.

On silt: The subgrade should not be allowed: to
become too wet during preparation. It should . be
thoroughly compacted to ensure adequate stability,
and then covered with a waterproof base of stabilised
soil as described for clay. - Alternatively, plaited
brushwood mattress weighted with rough timber
corduroy raft may be laid on the subgrade' and
granular fill or sandy clay (whichever is available
nearby) may be laid over it to the requisite depth as a
thick sub-base ; this may be covered with -a.8uitable
base as for gravel or sandy clay. : e

On black cotton soil: The subgrade '.'in'.r'the ‘box
trench shall be treated with sand during the driest
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season when cracks and fissures characteristic of black
cotton soil open out to their maximum depth and
width. Sand shall be spread over the cracked sub-
grade and dry broomed and rammed into the cracks
to the point of refusal. A blanket courso of well
compacted sand 4 in. to 6 in. thick shall next be laid
on the surface. In case sand is not available within
reasonable distance, a good depth of black cotton soil
shall be replaced by granular fill of good quality.

1f the cracks extend deep down into the soil, sand piles
6 in. to12 in. dia., 30 in. apart, shall be driven into the
ground reaching well below the depth of cracks before
laying the blanket layer of sand. A layer of moorum
or kankar 6 in. to 12 in. thick shall be placed over the
sand, and on this, a base course of granular material
or stabilised soil (soil cement) or macadam shall be
laid.

Q. 3. What methods of compaction do you specify for (a) subgrade,

and (b) sub-base and what tests do you prescribe to show that
compaction is complete?

(a) Subgrades: Most of the concrete roads in this country
have been laid on well consolidated water-bound macadam roads
with or without bituminous surfaces and maintained for decades.
The question of compaction does not therefore arise in their case.
In cases where the concrete pavement is wider than the water-
bound macadam surface, the consolidated formation itself serves

as the subgrade and no further compaction is usually deemed
necessary.

In the case of new formations, the soil in the subgrade
should be compacted under controlled conditions to a maximum
density, the aim being to reduce the air voids to a minimum and
bring the soil to a condition in which there will be less tendency
for subsequent changes in moisture content to take place. In
specifying the required degree of compaction it would be con-
venient to state a -dry density corresponding to a maximum
permissible air content which should be 5 per cent for subgrades
and bases.

Note: ‘ Timing the construction of cement conereto slabs on prepared
base courses would depend primarily upon whether such construetion
received full compaction during construction period or whether further con-
solidation under the traffic is considerod necessary. Therefore, along
freshly laid or re-constructed water-bound macadam construetion, u’sua]ly a

time of 3 months to & year is allowed for com . ore
concrete slabs are constructed,”’ paction under traffic bef

CeEMENT CoNCRETE RoaD SURFAcING 339

Suitable compacting equipment is as follows:

(i) For cohesive goils: Sheepsfoot rollers, multi-wheeled
pneumatic rollers, smooth-wheeled rollers and power
rammers. The last mentioned are particularly
suitable for small areas and confined spaces such
as bridge abutments, ete.

(ii) For granular soils: Smooth-wheeled rollers, vibra-
ting rollers and pneumatic tyred rollers.

On cohesive soils, compaction is best effected initially by a
sheepsfoot roller or pneumatic tyred roller, followed by a smooth-
wheeled roller, to give the final shape and finish.

Rolling should start at thesides of the road and work towards
the centre, or where there is a straight cross-fall, from the low
side towards the high side. If a smooth-wheeled roller of the
heavier type is used alone, it will have a tendency to bed into
the loose soil thereby causing ridges and waviness. This tendency
can be counteracted by first going over the soil with a light
roller, or with a vibrating roller in the case of granular soils, and
then finishing off with the heavier smooth-wheeled roller. A
tandem roller which gives uniform pressure produces the best
results.

Rolling should continue until the processed soil no longer
shows any yield under the roller and until an uniform, close-
built surface is obtained.

The thickness of the layers in which the material is com-
pacted is of great importance. No layer should have a greater
loose thickness than 9 in. which can be compacted to a thickness
of about 6 in. ’

(b) Sub-base ' The equipment for and the method of com-
paction of sub-bases composed of soil or soil cement is the same
as for subgrades of the same type of soil, described in the
preceding paragraphs. The compaction of macadam sub-bases
should be effected by using a smooth-wheeled roller with a loaded
weight of not less than 10 tons. Loose thickness of stone
to be compacted in one layer should not be more than 8 in.

For soils and stabilised soil (soil cement), the usual method
of measuring compaction in the field is to determine the dry
density of the compacted material in situ. There are many
methods of making this determination but the core-cutter and
sand-replacement methods are the simplest and the most
favoured,
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In the case of water-bound macadam where fairly rigid
specifications for compaction under a heavy roller are usually
practiced, no special test for compaction is normally necessary.
The thoroughly compacted surface should be firm and even, and
true, as judged by a ten-foot straight edge. Tests such as plate
bearing and C.B.R. tests are used primarily in preliminary
work for design of pavement and are of limited application for
field tests of compaction of subgrade and sub-bases. Also pre-
liminary tests for classification of soils usually indicate problems
of compaction under field conditions,

Q. 4. Do you insulate the cement concrete slab from the base course
or do you bond it with the base course? What are the

conditions in which either of the methods is prescribed as
suitable?

A very large extent of concrete roads constructed in the
country is normally laid directly on the base which is usually of
well consolidated water-bound macadam. Where traffic loads
have not developed sufficiently to overstress such pavements, the
bonded condition of the slab with the water-bound macadam
has not caused any special defects. In urban areas, where

thicker slabs have been adopted, they have been insulated from
the subgrade.

Insulation is particularly desirable in the case of clay sub-
grades and soils which are subject to large volume changes due to
variations in moisture and/or temperature.

Q. 5. What materials have been used for insulation and with what
results?

Specially prepared waterproof papers and/or thin layers of
sand (} in. to 1in.) have been used for insulation in concrete roads
in India. Use of these materials has been for more than one
purpose, following being the order of importance :

(i) Reduction of friction between the concrete slab and
the base caused by temperature and/or moisture
movements of the concrete. :

(ii) Prevention of any dirt or loose material on the surface
of the base from getting mixed with the lower layers
- of freshly placed concrete.

(iii) Prevention of the escape of coement paste into the
: bases which are permeable, such as macadam, gravel,
sand, etc,
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(iv) To reduce the risk of attack of the concrete by chemi-
cals carried in the soil water.

Layer of sand alone, spread on the base, will not satisfy re-
quirements (ii), (iii) and (iv) above and is not so satisfactory
as a waterproof paper for the purpose.

Q. 6. What are the thicknesses of concrete slab and base course
prescribed for carrying normal traffic and heavy traffic
on various classes of subgrade?

Generally, as concrete roads have been built to cater to the
requirements of heavy traffic after other types having been found
inadequate, the consideration of a design for base course in con-
junction with thickness of concrete has not come up. A mini-
mum crust depth of 3 in. of macadam, in case of average sub-
grades, or 3 in. macadam with 6 in. soling in case of clayey or
cohesive subgrades was insisted upon. Prior to World War II, the
equivalent depths of uniform thickness of concrete roads which
were confined to urban areas were based on tonnage of daily traffic
per foot width of road and were as follows:

7 in. for mixed traffic of concentration 150 tons and
over per day.

6 in. for 100 to 150 tons per day.
5 in. for 50 to 100 tons per day.
3 in. to 4 in. for private roads and driveways.

With the advent of the War, and due to reduced funds
available for road construction, smaller thicknesses were adopted
even on higher traffic intensities and the average experience with
such construction was as follows : .

For daily traffic upto 1,000 tons gross, 3 in. thick roads have
satisfactorily withstood traffic but they are showing signs of dis-
tress as traffic on such lengths has gradually increased.

For traffic upto 1,500 tons perday, 4 in. thickness has proved
guite satisfactory and is being increasingly adopted on most of
the rural highways.

For heavier intensities of traffic, 4} in. and 5 in. thickpesses
have been adopted.

Where there are indications of traffic intensities increasing
beyond these limits and also where there is scope of wheel loads

of 3 tons angd over plying on such lengths, it would be desirable

16
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to adopt increased thicknesses depending on types of improved
subgrade treatment and actual estimates of heavy wheel loads and
their frequencies.  Scope for improving the quality of concrete
by better control methods and thercby obtaining better perfor-
mance for mixed traffic even with the same thicknesses also
exists in a few instances,

Q. 7. To what extent do you reduce the thickness of the main
slab by the provision of a base course? Is each designed
independently of the other? What is the minimum thickness
of cement concrete slab used and with what results?

Generally, the thickness of concrete roads in India has been
selecte.d on an cmpirical basis, presupposing the presence or con-
struction of a well consolidated macadam base, and the reduc-

tion or increase of thickness of slab with improved base courses
has not come up.

As per recent practice, the minimum thickness of concrete
capable of sustaining the worst combination of wheel loads and
their frequency on a base treatment suited to the type of soil and
the availability and cost of local materials should be the criteria.
Base courses of macadam or their equivalent in bearing capacity
have proved quite adequate and improving them beyond this

limit, would not be of significant advantage to reduce the
thickness of concrete.

With a good knowledge of the underlying wsoil, it is now
possible to estimate fairly accurately the requirements of overall
depths of pavements and bases and therefrom work out several
alternative combinations of bases and pavements to determine
the most economical.

The minimum thickness of plain concrete slab used fairly
extensively is 3in. and the behaviour of such slabs under medium
traffic has been satisfactory where the base is unyielding and im-

permeable. In such cases, the slabs have not been usually
insulated.

Q. 8. Have you used the thickened edge section, and, if so, whai
is the section used and with what results?

Slabs with thickened edge sections such as 9-6-9 in., 7.5-7

in., 6-4-6 in., 5-31-5in., and 4-3-4 in., have been used and have

functioned satisfactorily in the past.

Theoretically, thickened edge construction gives a balanced

design in which the maximnm tensile stress dne to wheel loads .

\
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at the edge is approximately equal to the maximum tensile stress
at the interior. The most severe stress normally occurs, however,
when the stress due to wheel loading is combined with the stress
produced by internal temperature gradients.

In practice, the construction of thickened edges involves addi-
tional labour in shaping the edges of the formation, and sub-
grades which have been carefully prepared and compacted would
have to be disturbed. The edge of the slab will therefore be rest-
ing on a prepared subgrade of reduced thickness and one which
may have been weakened by disturbance during reshaping.
There is also a risk that water will collect in the depression in the
subgrade or base formed by the thickened edge. The fairly satis-
factory performance of the uniformly thick slabs of 4 in. to 5 in.
used in the country indicates that, with adequaie subgrade sup-
port, the edge stresses under worst combination of loads and
stresses are still not so high for present traffic conditions.

Q. 9. What is the least acute angle that you have permitted in
slabs at intersections ? Have any breakages of such corners
been noticed and under what conditions?

In the past acute corner angles of 30° and 60° were common-
ly permitted and wherever such angles were allowed, cracking and
breakage of the slab have occurred.

Corner angles of less than 75° should be avoided. It would
normally be possible to lay out slabs at junctions and corners
without any acute angles by the judicious introduction of slabs
with polygonal shapes.

Q. 10. What is the maximum width of slab constructed without
using a longitudinal joint?

Slabs upto 22 ft in width have been laid without a longitudi-
nal joint, but where the slabs are made more than about 15 ft
wide they tend to crack approximately along the centre line, the
tendency to crack increasing as the width increases.

The most suitable width of slab is usually determined by

* eonstructional requirements and practical conditions, Experi-

ence has shown that the maximum width of slab for hand com-
pacted concrete shonld not exceed 15 ft. For greater widths the
longer tamper required will be unwieldy and will have a tendency
to warp and twist.

In view of the above factorsv, the most rational and safest
practice would be: (a) to restrict the width of slab to 12 ft,
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whether the compaction is effected by hand tamping or vibratiou
and (b) to provide central longitudinal butt joints for wi@t;hs of
carriageway greater than 12 ft by laying the concrete in two
widths, one on either side of the centre line of the road.

The joints of the slab, such as the road intersections and

road widenings, haunchings, etc., should be so arranged that
widths less than 4 f$ do not occur.

Q. 11. What is the least and the greatest spacing of transverse expan-
sion joints? Does this vary with slab thickness ?

Several factors affect the spacing of expansion joints, the
most important of which are the prevailing atmospheric tempe-
rature at the time of construction, the daily and seasonal

temperature changes, the thickness of the slab and the frictional
resistance of the base.

If the road is constructed during the hot season of the year,
its subsequent tendency will be to contract and shrink, so that
at no future date is the length of the slah likely to be much
greater than when first laid.

The practice in this country which has proved satisfactory
by experience is to space all expansion joints at intervals of 90
ft to 120 ft and at the same time to provide construction joints
of the butt type at every 20 to 40 ft. Intervals of 90 ft for
expansion joints and 30 ft for contraction joints were most
generally adopted ; lately, contraction joint spacings are usually
reduced to 25 ft or, alternatively, dummy joints are employed
midway between contraction joints. For small siab thicknesses
adopted in this country, the effect of thickness on the spacing of
expansion joints is not significant.

Q. 12. What types of joints and what spacings between these

joints have been adopted by you and how have they
behaved?

There are three main types of transverse joints in concrete
roads. They are as follows :

e

(i) Expansion joints: Expansion joints form a complete
separation between adjoining slabs and permit the
concrete to expand as the temperature increases.
Such joints should extend the full width and depth of
the slab. They should be at right angles to the centre
line of the road, and, where the road is constructed in
two or more widths, they should be continuous and
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aggered. They should be filled with a non-
:;:rusgifgg filler andyshould be gealed to prevent the
entry of water and non-compressible material such as
grit.
i) C ction joints : Contraction joints are included
W i(Jnor(l;g;a;rete r]oa.ds to control any cracking which may
take place due to contraction or shrinkage of concrete.
They also relieve warping stresses in concrete.
Contraction joints may be plain, vertical butt joints
extending to the full depth of the slab, or may be
dummy joints extending to about one-third of the
depth of the slab and so forming a plane of weak-

ness.

ti joints: The primary purpose of
i) ((:}(?r?ssttrrlﬁzctti?: jo]ints is to facilitate constructiox_l. It is
_provided for convenience only when, for instance

it is necessary to terminate the work of placing the
concrete at any point other than at an expansion or
contraction joint, or to suit the special requirements

of formwork at road junctions. When constructed, it

acts as a contraction joint.

i i tion joints are the three
Expansion, contraction an(_l construc
types f)? joints ordinarily used iun this country. The last of these
functions as contraction joints as well,

The jointing practice described in question 11 has proved

quite satisfactory in most cases except floii uéere&s:da ;(r);?isov:rzo}
. A to

king in some locations, Wl'uch 'hg.s ) L _ f

::::llergspacings of contraction joints as mentioned in ques

tion 11.

i mati displacements of
ve you noticed any deformations or
o Elaabs zlhich are directly attributable to the presence or
absence of joints? If so, what is the range of movement ?
What steps do you take to rectify such slabs?

i i te roads laid in
f the limited number of miles of concre
this g::notry there are few or none at all which have beexi{ con-
;t;ucted without expansion joints. There have been dnob no:;r:;
instances of deformations or displacements caused by

presence of expansion joints.

H 6 blOW-uPS n"as

of buckling of concrete slabs (or
the S(::rl: 'ccaﬁl):d in America), have occurred in U. I}’1 II;) the
G ’31( Road between Ghaziabad and Bulandshahr, these have been
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reported to be duc to the failure of the expansion joints to func-
tion properly on account of the intrusion of incompressible
material in the joint spaces. It may, howover, bes pointed out
that in findings of main investigations abroad, certain types of
coarse aggregate which cause expansion in concrete have been the
principal cause of failures of this kind.

Repairs in such instances consist in cutting and removing

the damaged portions of the slabs and laying fresh concrete in
their place.

Q. 14. What mixes do you prescribe for concrete for road slabs?

A nominal mix of 1:2:4 by volume has been almost
universally adopted except in very special cases where a
1:1}:3 proportion has been found necessary because of the
need for a harder wearing surface under particularly exacting
conditions of traffic. In order to avoid under-sanding due to the
bulking of sand in the presence of moisture, the proportion of
sand is generally increased if it is damp or moist. Two-course
construction with mixes of 1:14:3 or 1:2:4 for top
courses and bottom courses of 1:2:4 or 1:3:6 respectively,
have been ftried and found to produce good results with
consequent economy. The thickness of top courses in such
construction has been varied from 1} in. to 3 in.

The modern trend in the matter of mix proportions for
concrete is to favour proportioning by weight and also to specify
compressive and/or flexural strength required at twenty-eight
days. Degree of workability is selected according to the
compacting plant available and the mixes are designed for a
selected w/c ratio according to the quality and grading of the
aggregates obtained locally, This method has yet to be generally
adopted in this country, since it would involve faciiities for
frequent testing of concrete specimens and qualified field
staff to exercise accurate quality control at site during
construction, both of which are not at present easily obtained.

Q. 15. Do you grade the coarse aggregate or use the material
as naturally graded and received from the quarry?

Generally coarse aggregates whether hand-broken or crushed
stone are collected at site in two or three separate sizes and
broad gradings of aggregates are normally specified for blending
them ; for example, 66-2/3 per cent of 1-1/2 in. size and 33-1/3
per cent of 3/4 in. size. The material is rarely uséd without
regrading as rteceived from the quarry; as it is found
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necessary that for obtaining a strong, dense concrete, the aggre-
gates must be so graded that the voids are reduced to a
minimum,

Q. 16. What is the maximum slump or water used per bag?

i in., i te is
The slumps adopted vary from 1/2 in. to 1 in., if concre
compaceted bypvibration and 1 in. to 2 in. if compacted byhand
tamping.

The normal range of water content is four to five ar.nd a half
gallons of water per cwt. bag of cement, due allowance being made
for any moisture present in the aggregates.

The quantity of water to be used would also require a,d_just—
ment for varying atmospheric conditions at the time of placing.

Q. 17. Do you use mechanical equipment for finishing the
surface?

i i ite com-
Mechanical vibrators attached to the tamper are qui
monlye used. The finish obtained is found to be satisfactory.
The surface of the wet concrete after vibration is also roughened
by passing a light brush or wet hessian across the length of the
slab.

Q. 18. What methods of maintenance of concrete roads have
been used and at what average cost?

Concrete pavements, when properly constructed, have needed
no maintenance, other than periodical sealing of joints and
cracks and making up of the shoulders to ensure protection to the
edges of the concrete. Hair cracks are gsual!y ignored, Whllﬁ
spalls and casual peeling off are made up with bitumen a.n(ll1 sma
aggregate if the damage extends deeper than 1 in. Patches are
done with cement concrete. In some instances, grooving or rut-
ting of concrete slab caused by concentrated wear of tl}e steel
tyres of the bullock cart has also been patched up with bitumen
or concrete.

Q. 19. Have you done any cement macadam work or rolle.d
concrete, and if you have, what has been your experi-
ence with it?

Cement bound macadam roads by the sandwich method

tried on small scales in U.P., Bombay (Municipality),
lIfIa\y(?eE:f)gd r:fnd Madras. The results achieved, however, have
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not been particularly encouraging. Some successful experiments
with cement bound macadam by the sandwich as well as the
grouted methods have been carried out in Gwalior and at other
places. Experience abroad indicates considerable success with
cement bound macadam especially for light traffic roads on exis-
ting good foundations.

Lean mix rolled concrete such as 1:3:10 has been laid for
short experimental stretches on the Calcutta-Madras National
Highway in Madras State. Txcept for a few worn out patches
here and there, such stretches have given satisfactory service for
over ten years. The drawback of this process appears to be the
difficulty of economically making the quantities of concrete
required for laying them uniformly in a comparatively large area
and then rolling and finishing it to required surface tolerances
within the initial setting time. The savings that are possible
from the adoption of rolled concrete suggest the need for under

taking further experiments, at least on roads with moderat
intensities of traffic.
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SYNOPSIS

The Paper deals with the work so far done in the country on the use,
manufacture and research on surkhi. It also outlines some of the problems
that need further invesiigations so that after necessary studies it may be
possible ultimately to produce surkhi as a standardised building material,
the use of which, besides effecting economy, will improve several properties
of conerete and mortars. )

-~

1. INTRODUCTION r

Lime and surkhi were important building materials in this
<ountry till some fifty years ago. These have been used in our
ancient historical structures which have stood for centuries. The
use of cement as a construction material became popular since
the end of the First World War, due to its availability as a
standardised material and its early hardening properties, which
helped in speedy construction. With the shortage of cement

#* Central Road Research Ingtitute, New Delhi,
17 : '
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experienced in the country since the Second World War, various
research organisations have been engaged in looking for
alternative building materials, an obvious one being lime. Thus
a considerable amount of work has been done on the use of surkhi
in lime-surkhi mortars as well as a pozzolana in cement concrete.

Besides effecting economy in cost of construction, the use of
surkhi, as part replacement of cement, improves certain proper-
ties of mortars and concrete, such as plasticity and workability,
reduces bleeding and segregation, inercases impermeability,
lowers heat of hydration and affords increased resistance to
sulphate attack and alkali aggregate reaction.

In recent years an attempt has been made to try and under-
stand the basic reactions that take place when surkhi is proces-
sed for use as a pozzolana, which has led to certain original
trends of thought. The fundamental aspects of surkhi, as a result
are much better understood now, and surkhi can consequentl};
be manufactured on a more scientific basis than was hitherto
possible.

Uptodate information on the use, manufacture and research
on surkhi in India has been compiled in the hope that the infor-
mation will prove to be useful for various construction agencies
as well as research workers for formulating further programmes of
Investigation, so that it may be possible to make an intelligent

use of the various advantages in future construction works in
the country.

2. USE AND MANUFACTURE OF SURKHI

Surkhi has been extensivly used in some major engineering
works in Indla._ A brief information about the manufactnre and
the results obtained at various works is given below :

. Var_uwlas Sagar Dam: Due to the difficulties involved in
importing cement, the desirability of avoiding excessive heat of
hydration and better workability and plasticity obtained with
lime-surkhi mortar, the Mysore Engineers used 1: 4 lime-surkhi
(without sand) mortar for construction of Vanivilas Sagar Ddhu
in 1899. The surkhi used was slightly underburnt. Against the
allowable maximum stresses of 125 p.s.i. for this dam of 142 ft
height, an average compressive strength of 670 p.s.i. was obtained
at 14 days’ age with this mortar 1, =,

Marikanava, Krishnaraja Sagar and Hirebhasgar Dams: Based
on the experience at Vanivilas Sagar Dam, lime-surkhi mortar
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was used in these three dams. Some of the strength results
obtained in the investigations for Vanivilas Sagar and
Krishnaraja Sagar Dams are given in Table 1.

Nizam Sagar Dam: In Hyderabad, the Nizam Sagar Dam and
various other hydraulic works using lime-surkhi mortars were
constructed. The construction of Nizam Sagar Dam was
started in 1923. The bricks for surkhi making were hand-
moulded and burnt in ordinary kilns?. Firewood was used as a

. fuel. The bricks were dried for 7 days and then clamped.

Generally, 20,000 bricks were clamped for each flue and every kiln
had five flues. The flues were 2} ft wide and the basement was
3 ft high. The average height of the pyramidal portion of the
kiln was 9 6. The walls of the basement were built with raw
bricks in mud and, after the erection of the kiln, a casing of half a
brick was given and plastered in order to conserve the heat.
The kiln took 4 days for erection, 2 days to burn, 10 days
to cool and 8 days to unload. The sound bricks were
broken to required size for the preparation of the mortar.
The cost of the powdered surkhi in those days worked out to be
Rs 9 per 100 cu. ft.3

. Lime and surkhi were ground together in mills to make
mortar. The tensile strength of the lime-surkhi-sand mortars
of different proportions was between 41 to 78 p.s.i. at 14 days
age and 133 to 202 p.s.i. at one year’s age. The minimum tensile
strength prescribed at 14 days’ age was 50 p.s.i. The compres-
sive strength of these mortars was between 57 to 78 tons per
8q. ft. at 3 week’s age. 2 :

Mettur Dam: Surkhi was also used in the construction of
Mettur Dam where it was mixed with cement for making the
red cement mortar. Since good quality lime was not avail-
able in adequate quantities nearby, lime-surkhi mortar was not
used. Moreover, the use of cement was adopted to speed up
construction . The surkhi incorporated in these mortars was
meant to reduce the leaching of lime and to decrease the heat of
hydration of the dam. However, lime-surkhi mortar was also
used in certain portions of the dam.

For the preparation of surkhi, about 50,000 raw bricks
weighing about 80 tons were packed in each country type kiln.
One ton of firewood was required for every 10 tons of packed
bricks.

Attempts to burn in Bull’s patent trench kilns were unsuc-
cessful, resulting in bricks being sooty and either underburnt or
overburnt.*
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The bricks were broken to 1} in. - 2 in. size and fed into
disintegrators with a capacity of 11 - 2 tons per hour. The
following standard of fineness was prescribed for the surkhi :

B. 8. Sieve No. Per cent retained
40 12.5
76 27
100 35

 Tests in the laboratory showed better strength rosults with
finer surkhi ‘. The following results were obtained, using 1:4: 8
concrete, in which 20 per cent of the cement was replaced with
surkhi of different finenesses.

Finenesé of surkhi Compressive strength (28 days)
mmmmm toris jisq. ft.
Passing B. §. Sieve No. 20 55.6
s 50 68.0
» 100 72.8 '

Practicajl considerations, however, led to the adoption of the
coarser specifications of fineness.

Surkhi-lime-s'and mortar of proportion 1 : 2: 4 gave an
average compressive strength of about 50 tons per sq. ft. in 28
days and 113 tons per sq. ft. in 6 months. Compressive strengths

b%li cement mortar and red cement mortar obtained were a8 given
ow :

Compressive strength (tons per 8q. ft.) of

Type of mortar | mortar cubes of proportions
: 1:93 1:3) 1:4
Cement mortar ! 242 199 I 143
\ ow
Red cement mortar | 183 166 I 121

(20 per cent cement |
replaced by surkhi)

It was found that cement concrete increased in strength

very rapidly in the early stages, but after two months the
Increase was very gradual. Lime-surkhi-sand mortar, however,
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continued to increase in strength for a much longer period,
though its initial strength was much lower than that of cement
concrete.

Lower Bhawani Project: Well-burnt surkhi was used in the
cement mortar for the construction of Lower Bhavani Project.

Tungabhadra Dam Project : In the construction of Madras
side of Tungabhadra Dam, a red clay rich in fines was selected
for the manufacture of surkhi. Balls of clay were made and
burnt in country type kilns.

Bhakra Dam : As a result of investigations carried out at
Concrete Research Laboratory, Nangal, surkhi prepared out of
raw shale, calcined at a temperature of 1400°F. is being used as
a pozzolana in concrete for Bhakra Dam. In1956, a modern plant
to manufacture about 100 tons of surkhi per day from raw shale
was installed at Bhakra. Calcination is being carried out in a
rotary kiln, with necessary temperature control arrangements,
All the stages of the process are fully mechanised.

3. RESEARCH WORK ON SURKHI

3.1. Pre-war Research: Upto about 1932, the cement indus-
try was in its infancy. In 1915, only 85,000 tons of cement were
produced which met only about 1/3rd of India’s the then require-
ments®. In 1930, the production of cement was about 6 lakh tons.
By 1940, it sharply rose to about 17 lakh tons. Between 1930 to
1940, the industry became well organised and greater publicity
was given to the use of cement. The lime and surkhi industries
were on the decline, as the products were inferior in quality.

In 1940, Dutt presented data to show how a 1:9 cement-
sand mortar worked out cheaper and gave better strength than
the normal lime surkhi mortars ¢, 7. By this time investigations
for the use of surkhi as a building material were started. The
work carried at various laboratories is briefly given below :

Alipore Test House: The first detailed investigation on surkhi
was conducted by Khan and Verman at the Alipore Test House,
using the bricks available around Calcutta area &,°. Tensile
strength determinations were made for various types of surkhis
ground finer than B.S. 30 sieve. From these experiments, it was
concluded that overburnt surkhi was better than well-burnt or
underburnt surkhi. Replacement of cement with overburnt
surkhi to the extent of 25 to 50 per cent was recommended.
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3.2. Research Work during War Years

During the war, when cement was mainly used for military
purposes, it was suggested that other substitutes ShOl}ld be tried.
Dutta suggested the boosting up of cement production by pro-
ducing < high silica portland cement’ 19,11 13" He advocated the
blending of ‘jhama’ powder of cement fineness with Portland
cement to form the *high silica portland cement’. From his
experiments, he also showed that lime-jhama mortar with 5
per cent gypsum could develop even greater strength thana 1: 3
cement-sand mortar in 90 days * 14 However, during the
war, due to lack of laboratory facilities, no further progress in
the investigation, pertaining to surkhicould be made.

3.3. Post-War Research

After the Second World War, a number of multi-purpose river
valley projects were taken up by the Government. As this
involved construction of complicated massive structures, a
number of engineering laboratories were set up in many States
and these carried out extensive investigations of the materials to
be used in different projects. A careful perusal of the results of
these investigations on lime and surkhi reveals that most of the
materials tested were non-reactive. A large amount of data was
collected, but it suffered from serious defects. In the absence of
any standards in the choice of these materials, many of the labo-
ratories fell a prey to conventions. Thus generally, only loamy
soils, fit for brick making, were examined regarding their suit-
ability for making surkhi and bricks from such soils were ground
coarse for various tests. Often the problem was over-simplified,
when general specifications for surkhi were attempted on the
basis of the results of only a few local samples. This led to con-
tradictory data from different laboratories, sometimes the speci-
fications contradicting their own results. Some details of the
work done in some of the laboratories are presented below :

Krishnaraja Sagar Research Station : xperience at Vanivilas
Sagar and Krishnaraja Sagar had given the Mysorc Engineers the
idea that certain percentage of * fines’ were needed in the soil for
surkhi making. The Krishnaraja Sagar research station specified
that the soil should have 25 per cent to 50 per cont of materials
below 0.05 mm. However, in their investigations of various
soils for making surkhi for Tunga Anicut, the low reactivity of
two soils, I)5 and D,, which satisfied the abovo specification, was

explained being due to the low clay content, which was about
5 per cent.

Besides the chemical analysis of the soils, strength tests have
been reported for the lime surkhi mortars for different pro jects.
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i Vanivilas Sagar
hes rally compare unfavourably with the :
Erlel?rfgsﬁlnneartni}; Sa,g%r results. Some of the results are given

below :

Average tensile Compressivt.a strength
strength p.s.i. p.s.i.
Nugu reservoir '° 1: 4 157 (8 weeks) 739 (8 weeks)
Badra dam % 1:4 — 800 (12 weeks)

ineeri ' : Most of the

Hyderabad Engineering Research Laboratory :
surkhiys tested for %he various projects were derived from loamy
soils and showed poor results. Some of the results are given in

Table 2, 17, 18, 12,

igation and Power Research Institute Punjab: Experiments
Withlrr';;ig:::fres of surkhi, white lime and !(ankar lime showeg
that the addition of white lime did not increase the strengt
of surkhi-kankar lime mortars, which was probably du%to
inactive surkhis . Tensile strengths, varying frqm 250 to 320
p.s.i. at 3 months age, were got with the various mixtures.

he institute tried to evaluate the pozzolanic activity of
diﬁe;l(‘:nt types of surkhis through lime absorption test and f(}l}nd
that underburnt surkhi had better tendency to combu_le nglf:h ime
as compared with normally burnt or overburnt surkhis **. This
test was also used to determine the required degreq of burnmg_ of
clays 12, Later tests, however, showed that the lime abgo?ptlox;
test was unreliable for indicating .theq p?szzolamc activity o
surkhis-prepared from the Punjab soils *2,2%.

The institute also reported that ?urkhi prepared from a

clayey soil had better grindability **,*

j igati h Labo-

Based on the work at the Punjab Irrigation Researc >

ratorya,‘sflanda, Dhawan and Bahri suggested the following speci-
fications for the soil for making surkhi *#:

Total soluble salts 0.3 per cent max,
Calcium carbonate 3 per cent max.
Per cent retained on B.S, 100 sieve 10 per cent max.

" | 200 25 per cent max,

b : 20 per cent min,
Clay conten (relaxable in the case
of silty soils)
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Kankar nodules to be separated before burning,.

The specifications for surkhi, suggested by them, are given
below :

Loss on ignition 5 per cent max,
Silicon dioxide 50 per cent min.
Aluminium oxide . 10 per cent min.
Magnesium oxide 3 per cent max.
Specific gravity 2.65-2,75

Unit weight 70-90 1b per cu.fs.

Concrete Research Laboratory, Madras. Work on Lower
Bhavani Project showed that well-burnt surkhij was better
than underburnt or overburnt surkhj 2¢.

Some important results were obtained during the investi-
gations for Tungabhadra project. A notable departure from the
usual practice of preparing surkhi from brick earth was adopted

.in the construction of the then Madras side of the Tungabhadra
Dam, wherein a red clay, rich in fines, was selected after an
extensive investigation of the soils for the manufacture of surkhi.
After conducting comparative tests with some conventional
surkhis, it was reported that the high reactivity of the Tunga-
bhadra surkhi was due to its greater clay content. ¢ Tungabhadra
Surkhi’’, the report 27 said, ‘‘has greater amounts of iron and
alumina and it has most of its silica in the combined form as
silicates. The Madras surkhi has much of its silica as quartz.
This suggests that the type of loamy or sandy soil, fit for brick

manufacture, may not be the most suitable sojl for good
surkhi”,

Rao and Venkataraman 2% reporting to the 4th Congress on
Large Dams, presented the data on Tungabadra surkhi, collected
from the works of the Madras Concrete Laboratory and the
Tungabhadra Field Laboratory. The compressive strength of
1:1}1:} lime-surkhi-sand mortar was about, 85 tons persq. ft. as
against a compressive strength of 80 tons per 8q. ft. fora 1:2
lime-surkhi mix, The permeability coefficient for lime-surkhi-
sand mortars of proportions 1 :13:4, after 60 hours of test, was
about 2000 x 10~ ft/sec. Replacement of cement with
surkhi upto 20 per cent was said to result in practically no
reduction of mortar strengths of leaner mixes. Addition of
10 to 15 per cent of cement by weight of lime to lime-surkhi-sand
mortars was said to increase the strength appreciably,
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Hirakud Research Station: It was by now firmly established,
as a result of extensive American experience, that burnt clays
and shales could also be used in concrete with many resulting
advantages, besides their use in mortars. The greater work-
ability, lesser heat of hydration. prevention of the leaching of
lime and the protection it gave to the concrete from harmful
reactions, like the alkali aggregate reactivity and sulphate
attack, encouraged the use of pozzolanas in many dams and road
works in U. 8. A.

The use of surkhi in India till 1950 was mainly confined to
lime-surkhi or cement-surkhi mortars. In connection with t}}e
Hirakud project, an extensive investigation of the pozzolanic
materials available near the dam site was undertaken by the
Hirakud Research Station for use in concrete“,.“, 31 32 83,
The materials investigated for Hirakud dam included sorae
shales, surkhis, natural clays, phyllites and some cong_lqmemtes.
Talabira shale was found to possess pozzo}amc activity even
in the unburnt state. Calcination did not improve its activity.

Work on different surkhis showed that these, Yvhen used as
replacement of cement upto 25 per cent, generally increased the
setting time somewhat and gave more than ?0 per cent of 'the
tensile and compressive strengths of the specimens made with-
out pozzolanic replacement at three months’ age. The water
requirement for normal consistency was also raised by about 10
per cent in the case of 25 per cent cement replacement by an
active surkhi. An appreciable reduction in the heat of hydra-
tion of mortars as well as concrete was reported as a result of
replacing part of the cement with pozzolana.

.

Krishnaraja Sagar Research Institution: The work done in all
the research :;tatig)ns was summarised by Doddiah nd.Gu_ru-
shankariah 2* of the Krishnaraja Sagar Rese.a,rch nstitution
and certain standards were suggested for surkhi and its manu-
facture. A few extracts from these standards are presented
below :

Preparation of surkhi involves the following operations:
(1) Preparation of soil
(2) Moulding
'(3) Burning
(4) Grinding and screening, and
(b) Storing

1. Preparation of the soil: The soil must be well sieved to
remove all the organic impurities like leaves, lumps, coarse

18
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gravel, etc. It must be mixed with the necessary amount of
water and made into a dough and well kneaded by kneader.

2. Moulding: The kneaded mass is moulded into bricks of
6 in. by 4} in. size. These bricks must be dried in the sun for
2 days and then spread over for drying on the other side also.
Drying is continued for one more day.

3. Burning: The bricks may be burnt in a muffle furnace
under controlled temperature.

4. Grinding and Screening: The surkhi bricks should be
ground to a fine powder in a hammer mill or a disc mill.
A suitable grinding mill has to be devised by investigation. The
grinding may be done on close circuit system with a shaking
screen of 100 mesh sieve.

5. Storing: The surkhi powder should be stored in such a
way as to keep it dry,

“The equipment and technique adopted in the field for
manufacture of surkhi mortar for large works requires improve-
ment. The equipment used at present for burning lime and
surkhi and grinding of mortar is intermittent in operation and
wasteful. Therefore, a continuous kiln for burning lime and
surkhi must be developed by investigations resulting in economy
of fuel, greater control over temperature and degree of burning,
maintaining the uniformity of the product and prevention of
contamination by impurities. It may be added that the con-
tinuous Hoffman kiln may be suitable with some modifications.

Grinding of surkhi mortar also requires a suitable continuous
mill .

‘“ The sequence of operations in the manufacture of surkhi
mortar varies from place to place. The flow diagrams of the
procedures, as adopted in Mysore, Sukkur and Tungabhadra are
given below. From a study of these diagrams and other aspects,
a flow diagram is suggested for adoption .

1. SUKKUR Kankar limestone—burnt inY

METHOD  kiln Graded sand [ Gzroundtwet
Clayey soil—ground, wet, burnt { ' m.‘if ar
in kiln J mi

METHOD kiln. Surkhi soil moulded inte in mortar

2. MYSORE Kankar limestone - burnt in )} Ground wet
bricks, burnt in kiln } mill
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3. TUNGA- | Kankar limestone—burnt, | ¢ .4 0
BHADRA ground slaked
METHOD Soil lumps—dried—burnt,
graded sand. J

in mortar
mill

4. SUGGESTED Kankar from quarry—burnt) Ground wet
METHOD in kiln. Soil made into} in mortar
bricks-—burnt in kiln. J mill

3.4. Recent Research

The production of cement increased to about 4.5 million tons
by 1955 and it was steadily increasing further. However, the
pace of development due to the first and second five year plans
was so brisk that it set engineers to think seriously about the use
of alternative materials during the periods of cement shortage.
Lime and surkhi were recognised to be good substlpu.tes, but fgar
was expressed about their poor and variable qualities. Studies
till then, based upon chemical analysis, some strength tests etc., .
as reported in the preceding pages, were not en_ough to pnder-
stand the basic factors governing the pozzolamq actlylty. of
surkhi. Hence it was felt that the problem needed investigations
in a more thorough and systematic manner with a view to evolve
proper specifications.

Work at the Central Road Research Institute

The Central Road Research Institute undertook extensive
investigations on surkhi, with a view to use this material in road
concrete. From this point of view, the approach was different
from that of the previous works. The fundamental factors, viz.,
the proper selection and making of a highly reactive surkhi, how-
ever, remained common. To solve these problems and to undex:-
stand the fundamental factors involved, an elaborate mineralogi-
cal study of different types of soils burnt at dlﬁerent temperatures
and the pozzolanic activity of the surkhi derived from these was
conducted 26,37, Some of the findings are given below :

1. The type of loamy soil, fit for brick making, is not the
suitable type for surkhi making. A loamy soil has & large percent-
age of primary minerals like quartz, felspar; etc., which are not
reactive. Pozzolanic activity is mainly due to the clay fraction
which undergoes certain thermal changes on heating, yielding
the reactive products at certain optimum temperatures. :

2. There is an optimum range of temperature for each type
of clay, at which alone the maximum ppzzolamo activity is
exhibited. For a kaolin or montmorillonite type of clays, it is
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usually between 600°—800°C., while for illitic clays it is near
about 1000°C. Burning, either below or above the optimum
temperature, gives surkhi of reduced reactivity.

3. It is not to be supposed that all highly clayey soils could
yield very good surkhi. For example, black cotton soils gene-
rally yield surkhis of low or medium reactivity even after burn-
ing at the optimum temperature. Actually the poszolanic activisy
depends upon the mineralogical composition and certain crystal-
line characteristics of the final product. This to a great extont
depends upon the composition of the parent clay and the pre-
sence of impurities, etc. (enerally, the presence of iron oxide
increases the pozzolanic activity of clays and often red clays and
ochreous earths give surkhis of good reactivity even at 600°C.

The compressive strengths of a few lime-surkhi-sand mortars
of proportions 1:2:9 are given in Table 3. The results show very
high compressive strengths for some of these mortars.

To evaluate the pozzolanic activity of surkhis in a short
period of ten days, an accelerated test known as Lime Reactivity

Test was used. Results of this test for some surkhis are given
in Table 4.

On the fundamental side, a theory was suggested explaining
pozzolanic action *!. On the applied side, the Rayerkeri
surkhi, calcined at 600°C., which is one of the most reactive sur-
khis, was used in some experiments as part replacement of cement
in concrete to study its effect on the compressive and flexural
strengths and the abrasive resistance 3°,4°. The results given in
Tables 5 and 7 show that upto 20-25 per cent replacement of

cement there is practically no reduction in compressive and
flexural strengths 3°.

Table_s 5 and 6 show that a fine surkhi (90 per cent passing
B.8. 200 sieve on wet sieving) gave better strength results than

& coarse surkhi (56 per cent passing B.S. 200 sieve on wet
sieving) 2°,

Table 8 shows that abrasive resistance of cement mortar due
to replacement of cement by surkhi upto 235 per cent was only,
slightly *° lower than that of plain cement mortar.

Investigations were also conducted on the problem of the
harmful alkali aggregate reaction in concrete and the remedial
measures by using surkhi as part replacement of cement *!.
Some reactive aggregates were met with during the construction
of Bannihal tunnel. Reactive aggregates were also found in a
few other areas. Mortar bar tests showed that & number of sur-
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is, i 1, could reduce considerably the expansion due to
:?l;;iil;;gﬁeg;t’e reaction. In India, high alkali cements are be-
ing manufactured in some factories. In certain areas, reactive
aggregates are also present. Hence trouble due to alkali a,ggrl({a-
gate reaction is to be expected in some of the construction works
in the country. ~American experience shows that one of ﬂ;f b:ﬁt
methods of counteracting the alkali aggregate reaction 1s by A e
incorporation of pozzolana in concrete. Results of some mortar
bar tests, conducted at the Central Road Research Institute, are

given in Table 9.

i i khi
itati tests on concrete with a,r_ld Wzthou.t sur.
re ]a.%:;l:r;lai;t;wsilowed that the specimens with surkhi replace-
msnt withstood sulphate attack better than the plain concrete,
i.e.. concrete made without the use of surkhi.

Research Laboratory, Nangal: The material now
beingolr:ggt:t Bhakra Dam had been thoroughly mvesmgaf;ed. z:.t,
the Concrete Research Laboratory, Nangal. _Kha.nna a,nd}: 1}1‘1
reported the optimum temperature _of burning of_ the 52?1 e, a8
1400°F. + 50°F. and the optimum time of calm‘na.tlon as 2 hours.
The fineness requirement of the surkhi was specified as 99 per ceﬁt
to pass B.S. 100 sieve and the gpecific surface (Blaine’s) to be
4300 sq./gm. minimum. Replacement of cement upto 25 per cent
was said to have practically no effect on the water requlrengenti
of the concrete or its drying shrinkage. - The temperature nsedo
concrete blocks, with and without s.urkhl replacement, un e;
adiabatic conditions showea that while the tempera:ture rise Ot

lain concrete was 48.2°F., that of concrete with 20 pel('1 cend
?epla.cement was only 34°F. Permeability qf concrete was re du'ce
from .648-.757 cu. ft./sq. ft.;year for unit hydraulic %ra, 1en.:
for normal concretes to .216 - .302 ou. ft./sq. ft./yea,ll‘l. or lum
hydraulic gradient for concrete with 20 per cent surkhi replace-

ment. o

4. STEPS B¥ VARIOUS ORGANISATIONS ’I‘Q PROMQTE
) THE USE OF LIME AND SURKHI

4.1. The Central Water & Po(viver C(;r_nmission,rh; zts 33::1115:;
irakud in 1956, suggested positive measures

};:?)lz(i:ig.rﬁl rzortars in place ogf cement. After detailing the Iv;vorks;
in whioh such mortars could be used, ‘the Central Water & ohwer
Commission, , suggested that a gurvey of the sources w. 'I?}:e
suitable lime and pozzolanas are available should be made. e
Indian Standards Institution was "al.so“ requested to prepare a
tentative standard dn lime and surkhi.
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The Indian Standards Institution brought out the specifica-
tion for lime, while draft specification for surkhi, based mainly
on the work at Central Road Research Institute, and draft
methods of testing pozzolanas are being finalised.

The National Buildings Organisation’s efforts to revive the
lime industry has some bearing onthe manufacture of surkhi
and hence a few salient points will be mentioned. Macedo **
writing about the use of cement in India said, ‘*In foreign
countries cement is not used indiscriminately as in India for all
works without regard to its shortcomings under many conditions
of use. Lime is an alternative to cement of equal status and is
not considered as secondary substitute to be used if cement is
not avajlable. Lime is often preferred to cement in mortar, on
account of its workability and its low shrinkage on wetting and
drying, which makes for durability and watertight masonry and
also because it is cheaper”. The same could be said of lime
surkhi mortars. Regarding lime kilns in many areas, he said,
“They are heat wasteful. The best possible step that could be
taken by a progressive manufacturer would be to scrap them and
start with new designs. The other alternative of improving the
kilns will never yield satisfactory results. At the most these
steps would be a stop-gap arrangement’’**.

Surkhi is at present a by-product of bricks, which are largely
made in country kilns without any control of temperature. Since
recent research has shown that this practice is wrong and a more
clayey soil with its temperature of burning, varying between
600° - 1000°C is to be used for manufacturing surkhi, the problem

of designing new types of kilns for this purpose presents many
more difficulties than in the case of lime.

In the National Buildings Organisation symposium on the
manufacture and the use of building lime 4%, special emphasis
was laid on the development of surkhi industry along the lines
indicated by recent researches. It was pointed out by many
that the development of lime and surkhi industries should be on
their own merits, irrespective of the surplus or shortage of
cément. Lime mortars and lime pozzolana mortars had definite
advantages over cement mortar in certain types of construction.

5. FUTURE TRENDS OF INVESTIGATIONS

From.the account given so far, utilization of surkhi along
the following lines appears probable in the coming years :

1. The production of surkhi by itself, to be marketed
separately either in bulk or in packages.
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2. . The production of pozzolanic cements in which the
" burnt clay is interground with cement clinker.

3. Marketing of lime pozzolana mortar cement in air-tight
packages.

‘ is generally applicable to all good, workable deposits
of cl};};: S’Egl;sc%uld yie){d Ig)lo)od surkhi, irrespective qf the situa-
tion of a lime or cement plant nearby. The surkhi produced
from these deposits, by controlled b1_1rn1n.g and proper grmdm]g,
could be marketed as such for use with lime or c:ement at wor E
site. This type of surkhi industry could fall in the range o
oither medium or small scale industry. In the case of the former,
the plant could be on the model of the Bhakra pozzolana plant,
which could be suitably modified to reduce its cost. This type of
plant can give high quality surkhi, as it is easy to control the
temperature of burning. On a small scale or village lndlis-tl‘y
level, a lot of work is required to develop proper types of 11n3
40 have a reasonable control on the temperature of burnmg'aﬁ
to economise fuel. It may even be necessary to partially
machanise the process of manufacturing the materials. Thf?r.e is
no need at all to make bricks first from the clay before firing.,
The raw material could be rolled into balls and fired in stationary
vertical kilns or powdered and burnt in small rotary kilns.

duction of pozzolanic cement at cement factories, by
intexilg‘lrliengligg the cemerll)t clinker and pozzolana, is prefera.blg 20
blending cement and pozzolana. Intergrlpd'mg is suppo_?le tho
result in a greater homogeneity an@ reactivity. I? &V(}l 8 the
use of a separate ball mill for surkhi. The production o poz:l?-
lanic cement requires the location of a §u1table deposit xi;ea,xi0 )
cement factory. In such a case, it is advantageous to burn

the material near the site itself a:nd_transport the burnt material
to the cement factory for intergrinding. :

ood lime factofy exists near a good deposit of
pozzgz}.lr?f: cf‘a.y% it is preferable to produce lime-pozzolana mortar
cement. The suggestion to market luge-t?ozﬁ(;laﬁ;; g;::grzf;nhn
iti zzolana cement, was made to ' -
?giﬁ:'gxl}stgyp:he ¢ Rock Products’ ¢, while c.ommentél.ng onl.the
work of the Central Road Research Institute. Since l1me
pozzolana has even a greater scope 12 lfhiso(%oué;iggi (;;;lra:; i};l(;zzo 'arxlllz
is proposition is worthy : .
(l?;:‘ia:rkl 1.f’:uildli)ng%s: Organization is already .sellz'ed vylgh g‘m
problem of developing the lime industry. thle ime_ ;n 11:; {
could be developed as an organized village mdust.liy, i (alth(:i;
calls for the total scrapping of the present day kilns an h Ii
replacement by better designed kilns which will pro}:relgcono 1cal.l
in the long run. This aspect is common, both for the lime as we
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as surkhi industries at the small scale level and should be tackled
simultaneously.

Before the surkhi industry can be developed on sound lines,
it is necessary to locate the major deposits of materials, suitable
for making surkhi throughout the country. This needs an all
India survey under the control of a central organisation, having
adequate laboratory facilities and trained personnel for carrying
out the field work and laboratory testing. For this purpose ib
will be necessary to have a few survey teams, which would locate
the deposits in the areas assigned to them, on the basis of
information received from the Geological Survey of India, local
State officials and other sources. In this connection, the results
of the work already carried out in the Central Road Research
Institute shall also provide some basis for the selection of suit-
able clays. For example, it has been found that highly clayey
soils, preferably reddish in colonr, with free hydrated iron
oxides, impure ochreous clays, impure kaoling and kaolinitic
clays are some of the types worth considering. The problem of
controlled burning is another important factor requiring special
attention. In today’s country Kkilns, there is practically no
control of temperature. New designs of kilng, including small
rotary kilns suitable for varions levels of production, using the
different types of fuels should be evolved. In this connection,

use of fuel oil, gas produced from a number of waste products,
coke, etc., should be considered.

The effectiveness of a pozzolana can vary, depeuding upon
the actual purpose for which it is to be used. While its reacti-
vity in general, as indicated by the definition of a pozzolana,
could be assessed to some extent by the lime reactivity test, it is
desirable to develop quicker tests even for this purpose. Certain
other characteristics of a pozzolana such as its effectiveness in
reducing the harmful effects of alkali aggregate reaction and sul-
phate attack cannot be indicated by these general tests. The
special tests called for are also time consuming. Work should,
therefore, be carried out to develop quicker tests to evaluate the

efficiency of pozzolanas for the different purposes for which it
could be used.

For all these, as also for the selection or the manufacture of
high quality pozzolana, it is necessary to understand the funda-
mental factors governing pozzolanic reaction and the extent to
which it can be stimulated during the manufacturing process.
Such a fundamental study may be time consuming and some may
even consider it to be of mere academic interest 1t is perhaps
good to recall at this stage the words of Dr. Bogue‘” in this
connection who, speaking about basic research on cement, said,
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‘In basic research of this character, it is not usually possible to
sredict just wherein the results will be applied to the problem of
wn industry. In journeying through these new regions of science,
¥e do not know what will be our prize but we venture with com-
dlete conviction that some gems of great value will fall to our
vsack. All our past experience supports the justification of that

22
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TabLe 3

Results of compressive strength tests for

lime-surkhi-mortars

Temp. of | (‘ompressive strength psi at the ago of
Sl Name of burning
No, Surkhi “C. | 1 month |3 months 6 wonths ‘ 1 year
a surkhi 400 105 158 | s 430
3 | Joone surkid 600 104 305 530 718
3 ” I 800 331 591 687 1030
1 " | 1000 385 | 1392 | 2203 2346
5. Rayorkeri |
> Y ki | 600 644 | 1617 | 2370 | 2867
6 L 800 646 1790 2437 | 2608
7 N | 1000 ) 1422 | 481
i

Tasre 4

Results of lime reactivity test with accelerated curing

for materials burnt at different temperatures

! ' Comprossive strength p.s.i. with
St \ Name of Goneral the material burnt at
No. \‘ material type UV IO
1 A0°C 600°C \ 800°C \ 1000°C
|
1. . Belgaum clay I Rod clay 488 I 682 l 366 248
2. ! Rayerkeri clay 433 1 1512 1444 822
3. | Karwar-Bellary . ' . 2067 | 1926 872
| bay cl ooy | 856 ‘ 690 206
4. ' Bombay clay I’ ' e
5. ' Chana (};uarry . : [ 330 \ 448 129
| clay Bombay w ‘ ;
6. ' Nagpur clay Black cott(.)ln 441 463 I644 269
soi
7.  Raichur clay " ‘ 388 l 460 361
8. . Padegoon clay »s : 324 ' 348 163
9. Raipura clay yy | 387 517 272
10. Madras clay “ i 397 364 157
11. (O khla clay-1 Brick oarth \ 162 200 171
12, Rewa clay " ‘ 197 385 249
13. Manu Nagar clay ve 1 111 301 994
14. ! Delhiclay-1 ye ' .11 227 121
15. ‘ Delhi clay-2 . ;108 248 t 172

Ust o¥ SURKNI AS A PoZZOLANA 371

TABLE 5

Effect of finer surkhi on compressive strength of
concrete
Mix proportion: 1:2,1:3.9 by weight

Watoer
Cement + surkhi = 0.50
Cement ro- 1 month ; 3 months 6 months
placement

per cent |Comp. 8t. Per cent 1Comp. St.} Per cent |Comp. 8t.| Per cent

p.s. . ; blank p. s 1 blank p. 8 i blank
0 per cent 6561 100.0 7798 100.0 7812 100.0
5 . 6454 98.4 7728 99,1 7868 100.7
10 ’s 7070 107.7 7882 101.1 7798 09.8
15 v 6711 102.3° 7700 98.7 8022 102,7
20 v 5816 90.2 7532 96.6 8022 102.7
23 ' 6202 94.5 7490 06.0 7042 90.2
30 - 5366 81.8 6352 84,0 5600 1.7
TaBLE 6

Effect of coarser surkhi on compressive strength
of surkhi

Mix proportion: 1:2.1:3.9 by weight

P ,,Wafter - o 0 '0
Cement + surkhi ~
Cement re- | I month 3 months ' 6 months
placement |---- - TR P B S
per cent | Comp. St.| Per cent Comp. St.! Por cent | Comp. St.! Per cent
] p- 8. i. blank | p. 8. 1. bhlank p. & 1, \ blank
0 por cent 6561 100.0 7798 100.0 7812 100.0
5, 6216 04.7 8162 104.7 8078 103.4
0 5670 86.4 6352 84.0 7462 95.5
o, 6440 98.2 7266 93.0 7254 92.8
20 5132 78.2 7322 93.9 6748 86.4
%, 5442 82.9 6286 80.6 6510 83.3

3, 4792 73.0 5376 68.9 5684 72.8

———
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TasLe 7

Effect of surkhi on flexural strength of concrete

1 month \ 3 months 6 months
Cement re- ‘

i Modulus

Ppor oot Jof rupturol TS 6ot f LR Por cont | S e Por cont
p- 8. i. p. 8. i, p.§.i.
0 per cent 635 100.0 803 100.0 803 100.0
5 724 110.6 785 97.7 803 100.0
0, 763 116.5 704 98.8 763 95.0
B, 736 1124 747 93.0 770 95.9
20, 736 112.4 751 . 935 803 100.0
25, 675 103.0 821 102.2 830 103.3
30, 608 92.8 765 95.3 776 6.6
TABLE 8

Abrasive resistance of mortars

Water

Mix proportion: cement:sand 1: g Coment + surkhi

= 0.40

Per cent cement replacement Abrasion loss

by surkhi. (gms.)
0 .96
5 i .84
10 l} .90
15 { 1.02
20 ' 1.06
|

25 1.04
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TABLE 9

Reduction in expansion of pyrex glass mortar bars
using different surkhis

Red}xot,ion in
81 Surkhi Temp. of | Per cent | SXPansion per cent
No. description burning | addition
14 days |1} months
1. Rayerkeri olay 600°C 10 35 29
15 86 85
20 96 04
2. Delhi kaolin No. 1 600°C 15 100 100
20 100 97
800°C 15 86 86
20 92 95
3. Delhi kaolin No. 2 600°C 10 89 87
15 95 93
20 95 93
: 800°C 15 97 28
‘ 20 92 93
| . o
4. Kash 1 600°C 15 48 43
‘ ashmir clay - - -
L 800°C 15 59 49
i 20 69 57
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BAYNE BRIDGE

(Photo of Launching Truss arrangement)

A prestressed concrete beam and slab lbridge with .22,;_—\,"-0"
clear roadway having 8 spans of 87°—93" between centres
of bearing. The prestressed concrete beams wers precast
and launched by means of an aluminium launching truss,
The view shows even completed spans and the aluminium
truss ready for launching over the last span,

Designed and constructed in 1957 to the orders of the Chief
- Engineer, P.W.D., Punjab.

GAMMON INDIA PRIVATE LIMITED,

CIVIL ENGINEERS & CONTRACTORS,
HAMILTON HOUSE - BALLARD ESTATE - BOMBAY-|,

Telephone: 26451 Telegrams: *«“GAMMON™, Bombay,
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CHOWRINGHEE ROAD, Calcutta — 37

Burmah-Sheli
for better roads

Modern flexible blacktop roads are easy

riding, durable, non-skid and tough. They

can be made with Mexphalte and Shelmac
marketed by Burmah-Shell.

. . .in India’s life and part of it

iii

Asphaltic concrete in two courses faid in 1953,

MODERN, ECONOMICAL & EFFICIENT

BELT CONVEYORS

FOR
* Qil Installations
* Pharmaceutical Works
* Tobacco Factories
* Salt Works
* Soap Factories
* Vegetable Ghee Plants
* Chemical Factories

* Power House.

Also Powerised Roller Conveyors
Bucket Elevators
Overhead Chain Conveyors
Salt Conveyors
Gravity Roller Conveyors
Portable Belt Conveyors and

Stackers.

Contact :
Garlick & Company Private Ltd.

HAINES ROAD, JACOB CIRCLE,
BOMBAY-11.

Branches: COIMBATORE —MADRAS —NEW DELHI.




From our fully prefabricated
bus body kits, you can now
build bus bodies in your own
workshops with a minimum of
tools and equipment. We supply
kits in completely knocked
down (CKD) or semi-knocked
down (SKD) condition for
chassis of any make. The kit
comprises all parts necessary for
the bus body structure.

Bus bodies, assembled by
operators from our kits, are now
seen in the States of Madras,
Bombay, West Bengal and
Uttar Pradesh.

Body fittings such as windows,
passenger seat-frames, destina-
tion indicators, etc., are usually
available ex-stock.

For details please contact:

HYDERABAD ALLWYN METAL WORKS LTD.

SANATNAGAR, HYDERABAD-18,

Whoa ! not that type of FILLING

... at least,not from Shalimar Tar Products ! However,
we are experts in the production of equally as essential

Joint FILLING and SEALING Compounds

SHALITEX SHALUET
for concrete cons~ WRITE FOR OUR BOOKLET where jointing mate-
tructions, runways, . rials un-affected by
roads and buildings | fuel spillage from

of all kinds, jet exhausts are
w required.

SHALIMAR TAR PRODUCTS (1935) LIMITED

CALCUTTA &  DELHI o BOMBAY e LUCKNOW s  CHANDIGARH
Agents © The Bombay Company Private Ltd., Madras-1 » R. C. Abrel & Co., (Private) Ltd., New Dalhl-1

[P




EREE TR ot P

This man helped start a revolution in automotive transport in 1912

A e 0 ~

i n 5 ek v

e ‘ - N N
L= = I . - ¢ )

;,_' i; . _;7‘5’@ !
He was the first T.V.S. passenger

it
4b years ago, it needed as much courage to travel in a bus as was needed to run It

The confidence of our first passenger, who boarded the bus ignoring the warnings of the
timid, is the bedrock on which TVS builds its institution.

L . . . jve
Today. TVS, with its several units, meets the increasing demands of the automoltV

industry in all its aspects in South India. As in 1912, it is the confidence of the customer tha
sustains its progress.

T. V. S. UNITS INCLUDE

ES
T. V. SUNDRAM IYENGAR & SONS SOUTHERN ROADWAYS SUNDARAM 1Nl:4lﬁ1ég‘
PRIVATE LIMITED PRIVATE LIMITED PRIVATE 'Ll drat
Madurai “adurai P“d“kk""“—'“g:"
Motor Vehicle Dealers, Passenger & Parcel Road Tyre Retrea
Automobile Engineers & Transpert Undertaking THE MADRAS MO'l'ORY
Body Builders SUNDARAM MOTORS INSURANCE COMPAN
MADRAS AUTO SERVICE PRIVATE LIMITED LIMITED, Madras
PRIVATE LIMITED, Madras M FINANCE
Madras—Bangalore Dealers: Fiat, Piymouth, Fargo, SUNDARA LIMITED
Distributors of Motor Parts & Willys Jeeps & Ferguson PR[VATEd ,
Accessories Tractors. Madra
3 INDIA MOTOR PARTS & ACCESSORIES PRIVATE LTD., Madras
= Distributors of GM parts and accessories for all india,
N
Y

T. V. Sundram Iyengar & Sons Private Limited, Madurai.

MUSI BRIDGE

BRAITHWAITE & CO.

(INDIA) LIMITED
HIDE ROAD. KIDDERPORE, CALCUTTA.

Vi
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FROM INDIAN COAL MINE

T3 PRECISION THEODOLITE ~
THROUGH

structural deformation
measurements and astronomy.

Circles can be read to 0.2"

INDIAN
CHEMICAL INDUSTRY

v

for high order triangulations i
|
|

Solr Agents in India . '

f

RAJ-DER-KAR & CO.
Sadhana Rayon House, |
Dr. D. Naoroji Road, }

BOMBAY, . [

Ouwr Sub-Agents for S. Indin :

|
VULCAN TRADING €O. (P) LTD., |
38-C, Mount Road, i

MADRAS, 6.

8 8 )

CALCUTTA

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

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

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.

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

6. Ganesh Chunder Avenue, Calcutta - I3



~ LW 16

The LW 16-111 h.p. tractor a versatile earth

YEARS of
moving machine is ideal for tank sinking, »
111 “ p irrigation and soil conservation projects. lts ma“‘tenance'free
[ ] [ ]

simple design and rugged components ensure

long hours of easy operation at the lowest concrete road serVice!

working cost.

TRACTOR ;

“The Dum Dum~—Jessore Road, Calcutta

FEATURES INCLUDE
Fingertip air-actuated steering
8 mph travel speed
Tilt-as-you-go blade
Alt-wheel drive
90° turns.

s 22

it
. &3
L

The ever-grawling traffic in ndia
needs concrete roads, because:

Concrete Roads
o Cost less to build than
any other road of
equal joad-carrying capacity
o Cost less to maintain
» Give long years of service
« Give better visibility
« Help to avoid accidents

Build to last with
ACC Cement-

plenty available now
at controlled price

et product of Frae Entarorise

X%S k. (/ < «A W IHE ASSOCIATED CEMENT COMPANIES unn:g__‘:

The Cement Marketing Gempany of india Private Leda

William Jacks & Co.Ltd. ;

(Incorporated in England.  Liabitity e Members timited.)

ot
CAJLCUTTA BOMBAY MADRAS . 0\
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