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I. New Admissions

LIST OF THE MEMBERS OF THE INDIAN ROADS
CONGRESS ENROLLED FROM 22-6-1950 to 27-11-1950,

Serial | Roll

No. No. Namer. : Aidress
1877 1621 C. N. Shukla Exocutive Ewnuincer, Provincial Divi
RV . sion, Jhansi. (Uttar Pradesh).
: 1378 1622 M. P. Apto Residont Encireor, 12266 Decoan Gym-
' khana, Poona-4,
137y a B. Veukutuchu'uw Municips! Enzineer, 20[152, Mulapot.
Th Nollore, Madras State),
€ Indlan Roads COngre ‘1380 1624 Anund Singh Bishoo Assistant Enzneor, (Br'dges , Uridge &
not hold ; 58 as a body do Planning Diviaion, UP, PW.D. B & R
ot hold itself responsible fo cs Brapeh, Lucknow,
rs
or fOI‘ .. tatements made 1331 1626 L. C. Cbaturvodi Agsistant Lnginoer, Bridye & Planning
OplnlOns exPreSSed R ’ Divigion, P, W. D, B&R Branch,
diSCuss' » In the Papers or Lucknow.
10 in i '
ns in lts-‘PTOCeedings {352 1626 1. Hatchidunandn Ran  Assistant Engincer (Mighwayr), Sranga-
* varappuk-t, Visaklaputtanam District.
1383 1627 M. L. Chawplokar Chief Enginoor, P.W.D, B.mbay, P.W.D.
Socrotariat, Bombay.
1354 1628 B, B, Patkar. «L.M.: Depnty City Engincer, Bowmbay Mubici-
pelity, Prakash Road. No. 3, Shivaji
Park, B mbay-28.
1385 1629 L, Kattalunathan Syporvires, Co'erom  Brideo Worke
. . Vallampadusai. (Mdras State’
13.86 1630 K Yogunoarayana suporvisor (Lighway ), 12, Mahalakstmi
strect, T, Nagar, Mad:as17.
1387 1681 Mohd. Abdul Aln A\scistant Enginocor, P.W.D,. 7T K.».
Hydorabad  Roads Divisir, Noa
Moazzamjshi Motk ot, Hydeiubad-
Doccan.
1388 1892 Parmnnand T. Nehrn Project Computor,  Mini
prt (R »:ndsm.{]ﬂ.',,)-l
shalijaian dn‘ww
1889 1688 J. Y, Ranade Engioeor & " Dije
Runado .
Associate Membéfs
} 43 Oeuntral dtandards Ministry of Raitway -
Otiice for Railwayw Road, Now dgobi [ A
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present address of n(::y of t‘i:)'se Members able to give information regarding the
the Secretary, Indian Rosds C0!105_zul‘ne(:x?lmed wre requestad to forward partignh“ b

Serial | "Roll - -
No. | No. Name of Member. Last known address -
——— _ ,
oned . 1871 )
- Damodaram. A, M. Munioipa)l Eaginesr, Guntar. (Msdras
Wil State), o -
2 135 D .
A asgupts, N, Cfy. Mr. K, R, 8en, Caleutta lusurance
. : Co., Ltd,, 80/8, Connwaght; Cireus, New
Delhi,
L as: Guy :
2' GuuaWamy, 8. (L. M.) No, 8, Apparawami Knil Btreet, P, 0.
) Mylaporo, Madras.
iy Y fa o
5.0 18 Kidar Nau 32, Kaonli Raad, Dehva-Dan.
6
. 24 Korni, M. A, 114, Rogent Bstato, Tollygunj, Calontta,
Ve 681 K""h“&mm‘thy, B. Aegistant  Engineor, Bridges, Gandhi
. Nagar, Bellary.
¥ . .1219 Mehta, Vasant V. Assistant Engineer, Amarnath Vishwn-

nath Building, near Gutaiys Morket-
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8 >, :
B 1128 Panl, . D, Bayliss, Professor, Engineering QOollogn, Jnbbu!-
pore (Madhya Pradesh), : i

9
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" 10 PR
228 S"r:‘:“’yﬂ, N. Lakshmi- Minister, P. W, 1., Kntah State, Kntah.
-~ !

u . .
1842 Sinha, L, 1, C. Student Engineer, Ofo, Shriyut Jagdish

Nurainlal B.A, LL.B,, Nayatola-

Bhagalpur, (Bihar), S

12 o s
141 Sondavesan, T, V. C/t{:, P:pleli Line Buperintendent, Pipe Line
natallation, Raltpan Rond, Siwri .
Bombg, 16.’ ! ond, Siwri P.O.,
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SYNOPSIS
) This Papor describes somo plapning surveys undertakon in Wost Bengn
fur tlie purposelof :
(! locativg rural roads;
(i) ‘selocting “a suitablo alignwont for & bye-pass fur a heavily trathiok.
od rond serving tho suburbs af Calentta, and
(ii3) .improving traffic flow juside Calcuttu.

_ ’(‘he’loc&f-iun'survey_is'describnd as being main'y an scouomic survey and
tho Author, recommendsitbatinstead of touching the individnal important villages
' road should pads through tho “ centros of gravity ¥ of zroups of mutually de-
bendent villages. .

" In tho soound part of the Paper the Authov raises the hnportaut question’
w4 b0, whioh ivafic figuro— vory high but comparativoly rare, or the -nat-so-high
tmt much more frequent—=ahounld be used for designing & highway., He snggests
that standard pructice should bo evolved for this purpuse.

Inthe Jastipart, theltraflic survoys in Ualeutts (in progresx at the time: of
writing) are briefly describad. Peak hour couuts were heing taken at most of the
road junctions in and about the city wnd origivs and destinativne of traffic were
b‘eing nuted down, tlo object being to rationalise traffic flow in that congested’

oity.

1. INTRODUCTION

L1 In the State of West Bengul considerable preliminary
investigations were carried out during the vears between 1935 and
1938 under Mr. A. J. King, then Superintending Engineer in the
Indian Service of Engineers.  Existing road systems were.
methodically examined and extensive statistics and particulars.
relating to all factors having a bearing on the question of
communications by roads were collected. The’ items. thak
investigated included the roads and bridges existing at “the . tiroe,*
physical features, extent of flooding, drainage conditions, crops

e e e e e e A

L. ’P\‘epa,f'ngnﬁder;thei gujdance of 8ri 8. N. Chakravarti, Special Chief En‘gii

neor— Roads, West Bengal. - . .
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trown, * hats ' (periodical muarkets) and - melas ' (fairs),
nanufactures and industries, ferries, loads and types of traffic
by means of census) and so on. Accurate skeleton road maps
were prepared. Standard forms were devised to obtain systematic
wnd classified information on the various matters detailed therein.
A traffic census was taken at each of nearly 400 stations.  Truly.
Mr. King’s voluminous published reports and the unpublished
iata collected by him can be regarded as an asset to the State.
On the basis of these investigations, a comprehensive scheme for
road development was formulated by him. Lven the cost of
individual projects were worked out approximately.

N 1.2. Since the publication of these voluminous reports, no
further planning surveys have been undertaken here until rccexlltly
After the partition of the State, the Government started afresh td
jraw up their First Five-Year Plan to meet the requiremenfs of
shis  truncated State.  Simultaneously actual work began
shroughout the State, on projects which found place in Phase ) of
she plan. A separate executive organization was established in
1948 to handle the programme.

1.3. The principal trunk roads of the State and the main
roads in the districts were fairly well-known or well-fixed and it
jeemed comparatively easy, at that initial stage of development
s plan and fix priorities. It is now apparent that, even at that
stage, surveys would have been really helpful in fixing priorities
selecting the best locations and approving designs. As re ard'
roads of lower categories, such as Other District Roads and Viglla. .
Roads, not many were selected initially as it was felt that so xge
sort of planning surveys would be necessary if the program e
was to have a basis which could not easily be challe n:le
Demands for the inclusion of more roads in the programme stgg:e .
pouring in large numbers from the public soon after the 3 d'r
of independence, whereas only a few of these road works ¢ ' lvent
taken in hand for execution at a time. Exl)el‘ienc(-‘ liOu d b‘?
pstablished the necessity of planning surveysy beyond dénbis e
far, some pilot surveys have been carried out here and th o o
expected to help in finalising the methods and details of proecsed ro,
40 as to get reasonably accurate but quick results. The :ffg:: :
made so far and the summarics of results obtained ang
recommendations are described in this Paper.

T At the present stage, planning surveys are con-
sidered mainly under two heads viz.,, economic surveys and
traffio surveys. Fiscal studies have not been undertaken yet.

1.5. Much has already been written about the basis and
fundementals of highway planning in the Indian Roads
Congress Journal. No attempt will be made to repeat

-
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these But here. it may be useful to note the objects
of planning surveys as, without a proper understanding of these.
it may not be possible to get the best results with limited funds.
Planning surveys do not include engineering surveys as we under-
stand them though making road inventories or determining in-
adequacies of existing voads require some technical knowledge.
The purposé of planning surveys ix briefly stated helow -

T () Justification for developing or improving a highway between
two given points, say A and B: Tf sufficient data are available, it
should he possible to rate projects according to ** henefits to cost "
ratio. Benefits may bhe calculated from the savings in distance
and time, the grades and curves improved. increased safety etc.
Another way of judging the necessity for improvements is the use
of sufficiency rating methods. The least perfect sections should
receive the first priovity for inclusion in the programme

~ (8) Fixing layouts between A and B: The problem of rout-
ing has to be properly considered apart from any req uirements of
engineering.

(3) Design of road widths and layout. These depend on the
expected volume of traffic, on the speed permissible and on the
proportion of slow and fast vehicles.

(4) Pavement design. depending on the expected axie loads
and traffic volume.

1.6. It may be generally assumed that future developments
will have to bo foroseen from occnomic studies rather than from
traffic statistics as, in undeveloped areas, much traffic is likely to
be induced or gonerated following economic development. But
traffic surveys may also act as a check on results apparent from
eoconomic studies:

2. AN EXAMPLE OF AN ECONOMIC SURVEY

2.1. A case arose in 1948, when the Dignagar ' Palli Kalyan
Samiti’ (Village Welfare Society) submitted a petition to the
District Board as well as to the Works and Buildings Department,
West Bengal to adopt a scheme for the improvement of the local
oxisting kutcha roads, onc of which wasto go from Badkulls
village to Nabadwip, via Dignagar (Plate I). After the partition of
the State, it is claimed, the areas served by this alignment had
become more important, because of large settlements of refugees.

2.2. [n July 1949, after receiving a deputation of the Samiti
members, the Government decided to undertake an economic
survey to examine properly the needs of the area, around the
loeation Badkulla-Dignagar-Depara-Bhaluka-Nabadwip (Plate I).
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~ 2.3, Information was collected by a survey party, headed by
wn agsistant  engineer, first in ¢ Village Note-Books” and then
tabulated in the specially devised form shown in Table 1. Most
of the information was gathered from villagers and from the
presidents of the various Union Boards, as very few useful records
were available in the TUnion Board offices. The enguiry was
fairly broad-based, and had usefulness also for purposes other
than that of road planning.  Summaries of the data collected ure
<hown in Table 2. In spite of some possible errors and discropan-
cies, the survey gave a fairly detailed cconomic picture of the
aren. :

2.4 The detailed surveys were conducted by a party cousis-
ting of an assistant engiueer. two overseers and four survoyors.
About 36 square miles were covered in this area which comprised
57 villages having a population of about 38,000.  About 71 per
cont of the area is agricultural, of which 60 per cent is under food
crops. A considerable area has heen brought under sugar farming
and is managed by two firms, who operate four tractors for the
purpose. At Badkulla, there are four brick fields, a husking mill,
and & saw-mill.  There is a markct every day at Bhaluka and
twice @ week at Badkulla,  Of the 57 v‘i}lagcs, eleven arce situntod
by the side of a road, 15 are within a mile of & road, and 13
villages are more than three miles from any road.  Thirty-one
villages are more than three miles away from any murket.  Figures
of professional bullock carts shown' in Table 2 under ** darts :
other 7" may indicate the commercial importance of a village. -+ *

2798, There are many uses for the statisties collected @ but for
road-planning, it would be most useful if-it were possible to deter
hine the relationship, if any, between population density, area
under crops, number of bullock carts, and exports and 'imi)or'té.
The values of these items have been shown graphically for each
village (Plate II). No doubt the density of population influen -
ces the other features to some extent but because of the shifting of
population for various reasons or the starting of industries (smal)
oz Jarge), the relationship between population and other econemic
facts is bound to be altered from time to time. A village with a
small population may have a larger number of carts than a more.
populous village in the neighbourhood. In such a cuse the surplus
carts. in the smaller  village will be hired to serve the bigger
village. When there is more arca. under agriculture around g’
village than is required to satisfy its own needs, there will be.
exports to deficit areas. Hence it would appear that, in a. defined
area, villages could be regarded as a group, each group boing
more or leds self-sufficient in-these matters. Instead. of aligning
the raad. ta touch _only the more populous villages it: would seen:
mnore 'desirable that it should pass through- thc---\“céﬁbré'—w-()f
gﬁ'myp?- of  the population cenfres im o ~group. Ty bt»her'
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words, it iS° suggestéd that villages” which make up” each
others’ deficiencies, should he grouped together on the hasis of
the survey data collected and that the proposed route should pass
through the ““ centres of gravity 7 of sueh groups in respect of
their population.

o260 A map of the area surveyed was drawn (Plate I) o' 3
Neale of one inch to a mile and this was divided into sguares,
each-one mile by one” mile. for the purpose of showing visually
the. density of population. the extent of agricultural area, the
exports and "imports. anid the number of carts~for cach squaze
mile; - From this map (Plade [} it isx poszible to choose a goad
foeation for the proposed road. The route recommended by the
Samiti is marked A, B/, D, E, F, G. Tt will be secn that thix
alignment covers all the important villages except those between
FE and F. where it should be differently routed to touch more
villages  Incidentally, the existing kutcha road coincides with
the proposed alignment between D and E again between F and G.
Between D and E there is a trackway  passing by E,, whereas id
this portion, the investigating officer has recommended the D, E.
By and F as a more desirable alignment. The other alternative
E;3D also passes through a well populated arca but E; is preferi-
e hecanse of the large export and import figures in square 19.7

_ 2.7 The bestalignment from D to B will be DC3B, as this
will serve the squares with a higher population density in this
ares than those served by the alternatives C; Gy and ¢ '

28 [t must be admitted, however, that the surveys have
not really covered all areas which should have been considered in
this connection. The important area lying between the river ghat
near Nahadwip and Krishnanagar Municipality has not been so
surveyed. Theore is an existing road connecting these two places,
which brings large traffic from the surrounding areas on to the
distriot headquarters at Krishnanagar. The improvement of this
road, together with that of the feeder road from Bhaluka (square
No. 6), may be a better proposition than developing a road bet-
ween Nabadwip and Dignagar (square No. 17). Tt seems that .a
traffic census would have been helpful, but unfortunately this
was not taken. Subsequently a census was taken on the entrance
to Krishnanagar city on the Provincial Highway from Calcutta,
in which ‘ origins and destinations =~ were also noted. From
this, a fair indication of the relative importance of the villages
served by the Provincial Highway has been obtained. But simul-
taheous counts 6n the Nabadwip-Krishnanagar road andon im-
portant feeder roads should also have heen taken. Only “then
would it have been possible to judge the relative merits of the
alternative schemes which might have suggested themeelves once
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the analysis had been completed and the results placed together
conveniently ‘ ; !

3. TRAFFIC CENSUS IN RURAL AREAS

3.1. In October 1949, it was decided that s
should be taken on some of the important highwﬂyt?iguch ;;m:u;_
the Works and Buildings Department, West Bengal. Thoy hgthq
undertaking was not meant to be a part of any systematig ' latis
ning survey, it was considered that, at least for some impogtahi
routes, the Government should have information on items like
daily and hourly traffic variations, types of vehicle in use prinoi-
pal commodities transported, origins and destinations of traffo
and so on. [f similar observations arc repeated in future ears at
the same places, the trends of growth of traffic on thege yurtei -
highways would be clearly seen. !

3.2. [Eleven stations were selected for the purpose ¢

are shown on the map in Fig. 1 and the censmls) fé)l?nsf: usfcllm?:
Table 3. The census was taken continuously, ‘day and night, for
two weeks. The staff at each station, employed “in three sh’ift,s
eonsisting of two to three men with a ¢ work-sarkar-in-charge *
(mate) in each shift. The cost was charged to the mﬂilitenfnce
grants for the respective sections of the roads. A barrier was set
up at each census point, with warning posts half a furlong awa

aon cither side, inscribed ‘‘ Stop, Census Point Ahead. * At thy
parrier, & sign board was put up saying * Kindly stop and ivg
information requirod in the prescribed form. Thank you ”’ lgoth
in English and Bengali. The co-operation of the local polico wa

sought and obtained. Hardly any practical difficulty arose duri .
the whole of this period. . : ng

3.3. During the actual surveys it was realised )
symbol > or 0" should be marked against each cbgz;tt-lég
indicate readily whether a vehicle was incoming or outgoin ’ i
relation to the nearest city or municipal area. It would be 1ab%r.
ous to get such information from maps. It was also realised thax
in busy streets, a better arrangement would bhe to take counts op
separate sheets for incoming and outgoing traffic. A line Wa
drawn at the end of each hour for convenience of subsequent tahy
lation. Wherever possible hourly totals were drawn up hy th‘h
field staff themselves. An improvement of the form would bo‘
that against each class of traffic Origin and Destination shoglq b(
shown separately. This would reduce the quantity of formg usedo
As the proportion of slow and fast traffic has an important bearing
on the design of a road, it would be better still if separato forms
were printed, say in two parts, for slow and fast traffic  With
these arrangements. subsequent tabulation and 'analy‘sis would be

1
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[ 4
comparatively quicker. During the period of the ecensus the
officers of the Statistical Directorate, West Bengal, rendered
valuable assistance with their advice and supervision.

;3.4 On ‘the completion of observations record forms
were sent to the Statistical Directorate for analysis. For only
pne station viz., that at Uttarapara on the Grand” Trunk Road

(National Highway No. 2) near Calcutta, the following features

were tabulated :

(a) Average and total number of vehicles Passing in a
particular hour, by classes (carts and motor vehicles).

(b) Average and; total number of motor vehicles by hours
- ‘*‘“’nd‘iby comgmdities. ,

(e) ~Average. and total number of carts by hours and b
0 cpmmodities. : Y

S

‘8.8. 'Graphs WBI‘G prepared showin dail an
wariations for different categories and cla.gsses. ySuchd d:i::;gg
analyses would make available a wide field for study. But for
the purpose of road design and planning, it was decided to reduce
the analyses for the other stations to the following characteristicy
(omittiugail references to categories):

¥ (a) - Average number of vehicles passing per h
. day during the whole period ; p our for each

’ r» -{by Total number of vehicles passed, by days ;
o '(oj " Poak traffic for each hour, during the whole period

3.6. A set of graphs for one station can be seen i «

A final summary of the statistios collected for xa.lil :;;:?: H!’
shown in Table 4. A further breakdown showing the pro og’s. 8
of fast slow traffic would have been useful but has not beeﬂ, 10%
pared eo far. ' pre-
' 3.7. Besides giving information regardin

?ra.ﬁic, this table would be useful for varioug othergstmfizzsenti?ay
ng the census fortnight the daily traffic volume va.riéd b o
juch as 100 per cent and the peak hourly traffic by as much asy388
per cent. This would indicate that the selection of the time of th
year for taking observations is an important matter. This tim; e
would-depend on the-object of the census which might be to olit;;r}'g
figures of the highest volume of traffic that might occur only on::x;
in & year and last for two or three days, or to get figures for
occasional heavy traffic, smaller than the annual maximum figure
but ocourring more frequently, say once or twice every month.

A
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For which of these figures—the high bub rare figure or the 'some-
what smaller but much more frequent figure-—should a higway be
designed ? The Author is of the opinion that the latter would
provide a better basis for design and suggests that a standard
practice should be evolved for this purpose. :

3.8. Traffic figures can be used to decide when the full
capacity of the road has been reached and congestion conditions
prevail, justifying further improvements. The traffic capacity of
a single lane highway has to be determined first, with the assump;
tion that earth shoulders are available to allow crossing or over-
taking. To cross or overtake a bullock cart travelling at 3 miles
per hour we may assume that the car has to slow down to 15 miles
per hour where shoulders are formed of clay only. In such an
event, it may take about half a minute for the car to overtake.and
come back on to the centro of the road in a distance of about 650
feet. Allowing for a minimum sight distance of 300 ft, about
250 motor vehicles could pass a bullock cart in an hour. - The
capacity of the road would be much reduced if bullock carts were
also met coming from the opposite -direction. QOn this basis 3
volume ranging hetween 200 to 250 vehicles an hour could be
regarded as fair traffic on a single-lane highway. Beéyond this
volume, two lanes with adeqate shoulders would be indicated: "By
this standard, at all the places where the census was taken 'thé
road width was found to be adequate. But in the case of the
trand Trunk Road at Uttarapara, with a volume of nearly 150
vehicles an hour travelling within a width of 20 feet congestion
conditions definitely existed. Besides, this width was not sufficient
for two heavy-type trucks passing or meeting each other. . This is 80
because both sides of the road are fully built up and a part of the
roadway is most of the time occupied by pedestrians, cyclists,
eyele rickshaws, etc., and the full 20-ft width is not available for
vehioular traffic. Widening of the road at Uttarapara. would
appear to be an immediate necessity. Co

3.9. The analysis of origins and destinations was found
to be very laborious, as many places declared by vehicle drivers
as the origins or destinations of their journeys were obsouré
villages, not easily detected on maps. All localities around an
important village or market were therefore grouped together, for
the purpose of tabulation. It is intended to draw maps - showing
diagrammatically the traffic volume of different locations. Such
a map showing travel lines as observed at three stations on the
Grand Trunk Road is reproduced in Plate IV. It will- be seen
that traffic originating from or going to Calgutta falls off . consider-
ably heyond Chandernagore. The road up to this place passes
through heavily built-up.araas: and: is-perpetually “congested on
aceount of through and local traffic. ‘The. Author would go so far
as t0 say that this section of the road abpunds with death-traps
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The Government of India have actually taken a decision to bye-
pass the whole area by selecting altogether a different route from
Howrah joining the existing road at Memari. Land acquisition
for this new alignment of the National Highway has been
completed and works would start as soon as funds are made
available. But the traffic diagrams tend to demonstrate that
the proposed construction will not solve most of the problems in
this stretch unless link roads are built to the bye-pass road.

3.10. It may be worthwhile to discuss this specific matter
here in a little more detail. It seems that the new route will take
off only that part of the traffic which goes *‘ through.”” Benefit
will accrue to long range traffic only, whereas the congestion aris-
ing from local traffic will remain. On the other hand, the diagram
itself suggests better solutions as alternatives. For examplo, if a
new road is taken across theriver Hooghly from near Chander-
nagore, not only will a greater volume of traffic be diverted to this
crossing but the bottlenecks existing near the approaches to the
Howrah bridge will also be removed. The Howrah Bridge is so
congested even at present that a new bridge at a fair distance
abowe will be of real service. On the east bank of the Hooghly there
would have to be a wide arterial route going on to Calcutta via
Barrackpore. The important item to consider in this connection
will be the cost of the new bridge. Another solution suggested is
to bring the diversion road much nearer to the Grand Trunk Road
and to provide a sufficient number of short links between the Grand
Trunk Road and the proposed bye-pass. This suggested align.
ment should pass along the outskirts of the industrial areas concger
ned. This new diversion need not have to start from as far off as
Memari; Hooghly might be a better point for taking off. However
any further detailed discussion of this alternative would appear t )
be beyond the scope of the present Paper. But it is interestin t,g
note that these considerations have been suggested by the Trgﬁic
diagram. This diagram also confirms a general &ssumpﬁon in
planning viz., that road traffic is mostly short-ranged and it is not
enough to take care only of long-range through traffic. Circum.
mﬁi }‘0::2::1'9 the best solution for clearing congestion around

3.11. Assuming that similar observations
the future years also, such repeated surve
on the following matters :

ns will be taken in
y8 will yield information

‘(i) The trend of traffic _
and by destinations?romh by volume, by types of vehicle

i Whothor at present, or at a
existing roadway is adequ

ny future date, the capacity of
relling over it ;

ate to take the volume of traffie
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(iii) Suitability of pavement design in relation to traffic volu-
me or weights ;

(iv) Relative importance of various feeder roads as can be
judged from ‘“‘origin and destination” surveys.

3.12. In the case of the main highways, which are already
fairly well developed and are important charges for this Depart-
ment the information as suggested above should be of incalculable
value. A fortnight’s observation every year at a few chosen
points will enable the Department to feel the pulse, as it were, of
the State’s transportation facilities.

4. TRAFFIC STUDIES IN URBAN AREAS

4.1. Recently the State Government have appointed a Com-
mittee to study the transportation problems in and around the
city of Calcutta and to suggest remedial measures. The terms of
reference of this Committee contain, among others, the following
items:—

(i) To undertake thorough investigations on the congestion
of traffic at the outlets and inlets of the city and on points
within the city itself as regards nature, intensity, and
duration,

(i) To draw up proposals for relieving congestion at all points,
where this actually exists and in a manner commensu-
rate with hardships involved.

(ili) To draw up & road plan for better traffic movements in
and around Calcutta.

(iv) To work out the rough costs of suggested projects and to
determine priorities.

4.2, Itis common knowledge that numerous bottlenecks exist
in and around the city at present. Unless something can be done, it
is apprehended that the future growth of traffic will almost certainly
be strangulated in greater Calcutta’s inadequate road system.
Also, unless better facilities of transport are made available, the
Prospects of establishing satellite towns, some distance away from
Caloutta, are poor. As a first step, traffic censuses are being taken
at selected points along the main arterial routes. Traflic census
forms, devised separately for internal and external stations, are

own in Tables 5 and 6. For internal surveys no attempt 18
bemq made to interfere with the flow of traffic in order to make
enquiries regarding origins and destinations. But such informa-
tion will be collected at external stations, in order to assess the
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volume of traffic bound for different parte of the ity as well as for
zones beyond it. Such information would be helpful in proving
the necessity, as well as in deciding the best location, of any hye-
pass route which might be proposed. :

4.3. The traffic census now in progress is being taken for each
station only during the daily peak periods, lasting from six to
eight hours. A notable feature of these surveys is that records are
kept of the durations of traffic blocks caused by traffic signals and
the number of motor vehicles detained. For important crossings
in the city counts are being taken simultaneously on all the con-.
nected roads. Hourly totals are being abstracted and the peak
figures are noted in data sheets (Table 7) along with other usefuy]
particulars for the road. These sheets together with a variety of
traffic plans are expected to show up clearly locations and degrees
of congestion existing and whether some new facilities are really

"necessary. For one important intersection abstracts Of‘”ﬁourlv
traffic volume and a plan of flow may be seen in Fig. 2 ang
"Table 5. . (

4.4. Other surveys proposed include pedestrian crdéSings at
important places, accident records, registration. of vehicles ete
‘Also it is desired to make a series of observations of time ta.k,enl t(
travel to different points outside the city from a focal point in tho)
business district. This investigation will take the form of triai
runs along important routes to determine the time required ¢
traverse different sections of these routes. Such data, may hel to
ascertaining the average duration of traffic blocks at diﬁefe:?
junctions due to congestion and traffic regulations. A i ; ,
contour map with regard to this focal point might be prepared .

4.5. These investigations are now in progress and if-
take three to four months more to complete tl’ll)e e%ll::t?onr(xl oét (Iin aéy
-and to analyse these fully. Besides this, investigations. aro f; a
in progress with regard to the development works o im'f: 80
ments actually in progress or with regard to projects -l‘OOOmi)ne v§.
ed by the various authorities interested in the matter '{“h-
authorities who are so concerned are the Irrigation & Wate;r ave
Department, the Works and Buildings Department the Ca.lwa‘ 8
Corporation, the Calcutta Improvement Trust, the l’?ort Aut(;luttp
ties, the East Indian Railway, the Bengal Nagpur Rajlwa d c;ll;l-
Director General Transportation, the Calcutta Police vy » the
municipal authorities surrounding Caleutta, and the ( iibnous
Tramways. Each of these organizations may have i: cutta
-gchemes and ideas. These have to be collected to eths own
examiued to find out whether such diverse. schemes arg 'ade}' .and
-and suitable in consideration of the future- traffic rec uiré BQuate
-Caloutta and whether suggested priorities * are &éoeq blmentsof
-guthorities concerned. T o pta e ﬁqtl;a

&
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4.6. Suggestions from members of the In
Congress are invited with regard to procedure formsd;ﬂnbeRag?)d?
ted, the approach to the problems, ete. It is hoped that theSe
brlef notes will be helpful in designing similar studies elsewher
Traffic problems are certain to become more urgent and i oa
gingly difficult to solve with the expected growth of traffi mcre}a:-
near future, specially in and around big cities. ¢ inthe
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Table 1
Proforma used for Economic Surveys

3 b}
L]
l ilies en
. engaged
Population ‘ Agric ")(hl\tl os
Vrfrg‘kA‘.'—'<’_‘qi‘.kk>- V o ‘ Bol i‘
| Minors Pota paddy & l
i I other eaving | Other
‘l food
e | Male Female grains %
|
f i
vches and cars Distance rt
y — from Dis T T
\ nearest f1 .
| Total “ " e metalled ) Other agricul-
\ no. of | ARl 1‘(-,1]11- ‘ P!”{("T' or un- :n: tural and
| working | tural ~410n1m metalled miscellaneous
I bulls carts carts o poad articles
|
2 13 17
aulars Passenger Traflic !
wiodical | —————-mm T
ts and Averayge |
wand - Aversge | avernge | rafhe | REMARKS:
i . traftic |
» no. of traffic per traftic 1 fron !
oo day from ) to and froii
* oing & and to to and from (Kr ishna- '
per duy (Badkulla) (Rly. Stn) nagar)

|




oN PLANNING SURVEYS

“able 2—(contd.)

381

Carts
al Totnl ) ~| Working
v | agricultural bulls
area Agricultural | Other Total

g} 725 10 20 60 2000
0 450 4 6 10 60
3 526 30 10 40 160
) 610 10 5 15 70

) M5 25 10 35 140
0 210 19 8 20 80
) 615 30 12 42 122
0 710 30 20 50 200
0 1010 40 24 64 192
N 805 29 22 51 152
0 612 31 18 49 150
0 2700 124 140 264 1188
0 50 — — — 8
0 525 31 21 52 204
7 487 31 10 11 164
0 410 17 15 32 98
3 11330 484 341 825 3208
0 2375 120 30 150 500
0 4300 75 25 100 600
0 1450 22 8 30 200
5 1000 — — — 14
0 480 17 3 20 70
0 7500 180 20 200 970
0 800 50 10 60 125
0 460 — — — 70
0 1300 30 10 40 220
0 280 10 — 10 45
0 2500 65 10 75 350
0 750 25 5 30 110
0 1200 35 5 40 175
0 1650 35 5 40 230
0 400 15 — 15 70
0 800 8 2 10 100
0 800 20 5 25 120
) 800 35 10 45 117
5 28845 742 148 890 4212

]



Table 4

fot r 1949),
ds in Comparison with Available Highway Facilities (Mﬂ )

Total Daily Counts for 15 days

Total H()urlyr(io’u’ni,

P h

Average : i ])(‘lli( hour ; MaximuDl, | Specind Remarks
Maximum O Minimum *° n-average |
nents bserved of bserved volume 0 lays
observec 15 days observes total of 15 ¢ LA
T T S e Sees e m»w.,,.: [, - S “"'0 .
5 | 6 h 8 \ ¢ [ : -
: -——.—'/l/\uﬁi__‘____—_____‘__.__—
e through a
. 116 Capacity is limited as road payses
maca- 1,860 1,675 1,370 147 built-up, congested arca. Road is_the ceir;;i‘;;)\f
’ Marketting and, commercial activities (URBA
TRAFFIC). This is a Bottle-neck.
567 450 208 - 33 Beyond Municipal Area.
649 512 366 123 35 On the Barakar Bridge Approach.
Thi . . ain Highway
. . . . 13 Chis road is heing developed as s main | ;
w1t3 170 133 93 24 Connecting Caleutta with N. Bengal A large
-fa.?irrllg INerease in traflic is expeeted in future.
' ) ™o 4 ler
. . . ] This s part of a long border road, now undes
! w1t3 134 100 670 21 (loyelopment. A large number of refugees a(:l(;
~fa?ixr11 ®Ing ro-habilitated here. On completion, mu
'mg more trafiic may be generated.
Much ‘ ic volume is expected—
 aver 6560 ; . . 40 Sl increase in traflic volume ) .
v over ” 472 358 86 This road links up Assam with the rest of India
HILL SECrION).
There ; . ‘sht traffic. There
ver 1,921 1,574 33 . 117 ¢ 18 a fair volume of et o
weo > 1,358 160 ATe tramway tracks (URBAN TRAFFIC).
$ ) . v;‘de
cadam 327 260 197 34 20 Nomow Gaugo Railway Line running alonesics
urface . ’ —on the yame embankment. This ten o
Tostrict wraffic and make drainage _Of ﬂ;? an
0%t difficult. Maintenance i+ difficu
eXpensive.
on an 274 225 164 36 17
radam
treat- 217 140 73 34 3
and 6"
‘bound)
s U m . . g . . (.he
»metal 2,065 1,758 1,624 196 137 ciBBAN, PRAFFIC—This is NE outlot }Uime-
k over n‘y of Caleutta, The level crossing 18 8 D ing
base ek hope, re bei

establ; Large colonies of refugees &
ishod and traflic is growing.
A P

T
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Table 7 /

DATA SHEET for Street Traffic.

Name of the Street (Chittarajan  Avenie
(Northern portion |
Name of nearest Junetion Chittarajan Avenue &

S Bowbazar Street
(‘ensus Sub-stations Nos.
(Up and Down Traflic) Du & Db
Joad Section (average)
(i) Carringeway width (total) 567 07 Ft. (surfaced).

220 Ft. (on Up=ide).

200 O (o Pown side).
Partly paved Partly paved.

t

(ii) Footpaths (with conditions
i.e., whether pzﬂvod/pmtly

paved/unpaved)

Any special  feature causing

obstruction.. -

(i) to vehicular traftic Very often it has heen ohserved
it vehiclex park on either
<ide at the carriageway causing
ahstructions to traftic.

(ii) to pedestrian trafiic Nil

(i) Tramway routes using this road Nil
(ii) Bus routes using this 32 Fsplanade Dak-hineswar,
road 32\ Baranagar Fsplanade.
13 Bengal (']u-miv;ml-I)allmusi('
S, 4 Ultadanga-Explanade.
20 Qhambazar-Kalighat

Period under consideration
(excluding cycle traffic from

census) 15 1o 16 hours.

1
Traffic at the peak hours

(i) Passenger vehicles gso in Up  41¢ in Down

(il) Buses & trucks (T ve S2 s

(iii) Total fast moving vehicles 397 512 ”
{iv) Total slow moving vehicles

(excluding cycle traflic) 196 . 125 ’

(v) Cycle traffic 36 o 7 ”

3
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(vi) Total Blocks (in minutes) ‘ J PLATE I

17 m. 30 sec

(vii) Total no.of vehicles (Fast ’
moving only) held up in -~ N
these blocks 175 t
(viii) Average duration of road- : ~ REFERENCED.
blocks 2537 Nec W ]
(ix) Principal causes of these ] 1) PopuLaTiON } -BELOW- 400 400-1000
l-pa,d-hlocks Traflic Signal. ol | B o
9. Characteristic of traffic in this peak hour : . - - e
: ;, 2> No. of ?-20-::1: -:O—Ql?:.t
(i) Pergel‘l;’;"ge of _TrUCll(’f 1t0 “ buniock C‘"s'. 100-150 AbOVE-150
. total Fast moving vehicles 1;3_4(_; per cent in Up ? o ® ©
9.97 per cent in Down "’>$«p°n: - } “o 52010 sﬁo loioo
mMPORT (N
(ii) Percentage of Trams to total T - '“‘j MATNDS 2000 10,000 20000 poRS?
i \ . o
Fast moving vehicles wil inUp nil in Down 4) Fiouae WITHIN DRACKET INDICATES
AGRICULTURAL AREA IN DIGHAS.
(iii) Percentage of Bullock-carts Y :
to total vehicles (excluding 025 per e o T ‘ § NoTe:—
¢ g 20 per cent in Up e LACH DQUARE REPRESENTS ONE
cycles). 0-31 per cent. in Down ’ HQUARE MILE .
10. Whether volume of Pedestrians {

crossing the Road is remarka-  High between ¢ wADUR 1A
bly high. If so whatisthe and 17 & P L hours T
volume at peak Period urs.
300)
I1. Any special feature of traffic pran
such as one way route for - \
Bus or Trams. Nil /@é’m
. g
—do—  for all vehicles YWY
ILX ]
ey

(Mention the duration) _BOMA fﬁyj—v ’ &&:

12. Remarks

....................
.......
.....

——— j—

SKETCH MAP SHOWING AREA
OF ECONOMIC SURVEY
(NEAR KRISHNANAGAR)

1 miLs,

Maiewos § 6 4 1 O

.BT 3.
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DIAGRAM SHOWING TRAFFIC FLOW (MAX.DAILY) ON GTROAD
AS OBTAINED FROM THE CEN9US TAKEN NEAR BARAK AR, BURDWAN & UTTARPARA

_@LHLLLJ‘—‘E"\O-M 10 31-10-49

INAGAR
BURDWAN

(3s6+117)

CENSUS STATION AT WALH

MILL OUT 5inE Buro
WAN
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BURDWAN AND BARAKAR ON &.T. ROAD

MEMARL

\V'\; pudgpuR. DIGNRPARA
: (o+88) (o™

N
R
S0 T~
T T~ RETWEEN 1571049 AND 31-10749. pEAK
Ji S GO TRATFIC IN A DRY OCCURRED ON 25Th.,
AN ™~ MAGRA : {OTH. AND 20TH, OCTOBER 1949 RESPEC-
H k4 ~. A
- N ~ \r Qsore) TRIBEN TIVELY . AT THE THREE STATIONS.
g \,’\/ i BANSBER A faem TWE TRAFFIC DIAGRAM OF THE THREE
< P (38900} / STATIONS ARE DRAWN FOR THE ABOVE
- HogaHY / 12"5;&‘0’“Tokéi‘}‘f&“?oé”é’m’:.i“me
[YXA1 CHINSURA +0) / e
-y ;“ PLAN OF G.T.ROAD SHOWMNG / NATURE OF MAXIMUM DAILY TRAFFIC
IDTH OF ROAD CRUST AY % { FLOW ON G.T. ROAD WITH RESPECT
DIFFERENT MILTAGLS CHANDARNAGAR / TO THESE TMREE STATIONS. IN DRAWING
r". (sens0} / SO TRAFFIC AT DIFFERENT PLACES
90 / ) FROM CALCUTTA TO MEMARI nAS
i BMADRLOWAR 7. . BLEN OBTAINED FROM THE CENSUS
Q ($93+0) % 3 STATION — UTTARPARA, MEMAR! TO
9 BAIDYABATY 7 o \ ASANSOL FROM CENSUS STATION-—
: (610+0) 3 g .
StRAM PR 1 SEORAPHULA // b o BUR?WAN AND ASANSOL TO oumg;o
e (Tebe0) 7 3 ¥ & DENRR fROM CENSUS STAT!
o A B RAMPORE /7",// . o 3 BARAKAR .
a“ (a39+3) /f‘;f/ 7 S i 43_\
/’/// t" »
- LISHRA 0 : ) éc
w8} A //,, : [
KORNAGAR. (048] /// ) o
L KOTRUNG | PROTEL T 40 ‘;/,// 7 ;
VI 2e,] BHADRAK AL ) i i |
RPARA 4 (“N“ = M- 7 ,,A ] e ‘t’:::k:.?"tmn
e Y T AN N B
3 WCOMCINSER Y T wan
9% baL- e [ //// i
iq BELUR- - £ 7777 /// wilimand
;2 47/2/7/%/‘/ DG
4 o 7
3 < HOWR AR (o //;/5, ,
HOWRAY 245 4
A
x %J &\\\\\\\\\\\\\\xw“,
2 s 11286 4\8)
[P WRRSERRE 3 a HOWRJN BRADGE
e

14D8 CoNGRESS JOURNAL, Vor. XV—Parr 3




Paper No. 154,
‘“Behaviour of Brick Metal in Tar Carpets."”
By

K. . Dg, B.Sc.

CONTENTS
Page
Lo Introduction . 393
2. lncrea.sing the Load Bearing Capacity of
‘ Brick Metal by Soaking in Tar 395
3. Incresse in Load Bearing Capacity of
Metal when enclosed in a Tar-Mixed
Sand Bed 399
4. Field Tests 104
5. Traffic on the Road 407
6. Behaviour 407
7. Extensive Tests 410
8. Conclugions - 414
9. Acknowledgements . .. 414

SYNOPSIS.

The behaviour of brick metal in tar carpets is, it is suggestsd, an impoftant
:(;::]tar for iuvestigation in places where stone metal is scarce or comparatively

y.

Tho lowd bearing eapnoity of the untreated brick metal examined, ae descri-

i)e(l T this Paper, wan found to vary with the degreo of burning from about 087
g”n PST gguare in. in tho case of ““2nd class'' bricks to about 1°13 tons per
4uare in, when the bricks were uver burnt. The same categories of brick metal
more

or ’en sosked in High Viscosity Road Tar gained in strength and nttain?d a
%88 unfform lund bearing capunoity of about 13 teps per squero imch. Tho

10g had a toughening effoct also on the brick metal.

When the bLri ; ibed r was enclosed in
[ 8 brick metn! treated in the above described manne 1o
cmhi“"’"li bod of tar-mixed sand,its load bearing capaocity was further invvea-

LT
Hed by ™ muoh as 200 per cent.

ag ‘In B0tual field tosts, tho tar treated briok metal laid in a u:r-mfxod sind bed
BO Way inforior toa similar oarpet containing stone meta'.

1. INTRODUCTION
where it does not

Stone metal is very costly in localities e

L1,
Ogpe . .
1':;;" M nature and has to be brought from great distance v
imp’rol‘ou.d.’ or hoat. As u result the milage of road that can b_e
N ved in such localities is proportionately small. Many ambi-
SChemes for road improvement have, therefore, had to be

tap ner
PPed ay ) availablo funds were generally limited.
* .



- that the absorption of road tar by the brick met,
i6" It was further assumed that, if such metlgle :irléa

" ‘entirely a matter of economics as stone metal has to

. ‘bituminous wearing coat is provided with st :

! one urit
- macadam roads of broken brick or brick jha,ma!’;;te’
., quite heavy traffic. , '

394 ' DE-on

1.2, On the other hand, if some material
could be used in place of stone and could ‘;)\
minimum transport costs, and at the same timebi
tory vesults, a fir greater mileage of good ro
with the funds available. ‘

available locylly
brought to site uy,
fit gave sabisfac-
vds could he buily

1.3. One such substitute for i i
. L > netal is broke . .
broken * jhama” (over ‘burnt brick). These ti,(nnb}:)“llmf brick or
site nearly everywhere in Bengal. Kven if that ig/u)‘;lnt b the
these materials are almost always available within % abosible,
tance from the road site. A short dis.

1.4. On account of its low cost brick m
. .. M ) etal |
sively used in Bengal and North Bihar ip the qloa]i and ;
wearing course of water bound macadam roads Wl'li(:hn(ig “0din the

very heavy traffic. The reason for A 10 not cary
ery y for prefunng brick meta) i':’

e brought, ¢
nd that, it ::,
Waterboung

able to carry

8 been oxton -

these . areas from far off places. It has alyo been foy

1.5. It had been frequently observed that, g :
ting the surface of a brick metal waterbound lﬁ:ga.(:lisﬁ'u']t-()f P&i_n-
l-oa,d_ tar, the attrition and crushing of the metal under road witp
trafic had been considerably reduced. It wag assumed Sﬁie@ll_tfyred
* My >I'etore

d tougheneg

elastic or a cushioning bed, it would be able to carry Placed in 4,

 traffic although it did not follow that tho motal werdq Y ‘heavy

* a8 hard as stone metal.

""be achieved, it would not be out of place to men

., 80 per cent of it would consist of over-burnt o vit
~ results from the use of a material of such vg

" very high.

* tion, ope cannot normally expect to obtain unifory

Prove to |y,

1.6.  Before going into the question of how tuughénins coul
5 coul(

speaking .of brick metal, it is generally agsumed thazoilttlgigio V;(l)len
s to

In practice, however, this is not always yo, '[I:lllféaﬁ Iln%eri&L
supply consists of under-burnt or insufficiently hurng b‘:iiikof the
48, ]t

is, therefore, obvious that it is almost, impossible t0 get, good

. AR riable
quality. If one were to insist that the metalfhglill((ii ulzléngwn
ntain

vitrified material only, it would be impossib] .
quantities to-this standard and the price I‘)vo:lld obZOCOOnli;)T:l t;!a.rge
"atively

170 In burning bricks, even with all possible

care and atten-

local ‘conditions, Even if wniform ip &ppeamng; qal.ll?lgzy l;lnder
’ e bricks

will not be of the same strength. [f 8 certai:
. tain percents,
ge of

t
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alkaline sodium salt (soda ash) is incorporated in the soil and coal
used in excesy of the usuil quantity. a large percentage of over-
burnt vitrified bricks may result but, here again, the guality of
such bricks may not be uniform. Even in the same brick, a

‘portion may be well vitrified and the rest less vitrified and porous.

2. INCREASING THE LOAD BEARING CAPACITY OF
. BRICK METAL BY SOAKING IN TAR.

2.1. 'The degree of toughness or hardness of a brick increases
with burning and an under-burnt brick is much softer than a
properly burnt brick. Therefore, a process or method
would have to be found so that a road built of brick metal
consisting of pieces that had been subjected to widely varying
degrees of burning, i.e., from vitrified to under-burnt pieces, should
have a more or less uniform load carrying capacity throughout.

2.2. 1t was suggested that this could be achieved if the
softer pieces of the metal were toughened by soaking them in road
tar. Road tar with its great penetrating power can soak deep
into the pores of bricks from which all moisture has been excluded
by drying and thus toughen them. The undernoted experiments
were carried out in the laboratories of M/s. Bengal Chemical &
Pharmaceutical Works Ltd., Calcutta, to find the extent of pene-
tration of road tar into and the consequent increase in strength of

ordinary bricks.

2.3, Bricks wore classified for the purpose of the test as
under. This classification is intended to categorise bricks by
their degree of burning so as to give some indication of their load
bearing capacity :

Table 1

Description Classification
1. Vitrified or overburnt Bricks Jhama- Briek -
2. Woll-burnt Bricks Ist Class Brick
3. Fairly well-burnt Bricks 2nd Class Brick
4. Under-burnt Bricks 3rd Class Brick
-0, lInsufficiently burnt Bricks 4th Class Brick

. . . aq  f5 . 2
The last two categories ure commonly known as * ama. or

“pilla ” bricks.
‘2.4, Bricks for the tests were selected according to the above

given classification. Pieces of size 5 in. by 3in. by 3in. cu:
from each olass of brick were heated in an air oven to drive ou
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moisture from their pores and then j i

trough containing High Viscosity Ro:(lll 2[1‘?:11-“‘(%5’ Vt';;‘nderred to a

260 degree F and ‘were soaked there for ap hour. A‘T‘) heated t

brick pieces were taken out and allowed to 000} t her that the

ture and thereafter all excess tar wasg removed fm:)nrt(,)}?m temfpem-
elr surfacey,

2.5. Kach piece of brick soaked in the
two pieces longitudinally at right angles 'totatrh;v}gs.the“ cut into
face and the depth to which the tar had Penetrat, dlnch by 3 inch
face was measured with a scale and recorded ag :nd from the sur-

graph in Fig. 1). er.  (Also see

Table 2.
’ ' Depth of penc. —
Class of brick  Size of  tTition of Roaq | Percentage of
(vide Table 1) piece . Tar into the Penetratioy,
; | bricks . of Road Ty,
(inches) Into the bricky.
Jhama (overburnt) 5" x 8" x 3" 18 ,
. : 10 % approx.
18t Class Brick » ’ 3/4 50 9
2nd Class Brick " i 12, 80 o
3rd Class Bnck ” » 1/2 339
4th Class Brick " ’ 1/8 109
e ec.
z 7N ——
; Y
< 10 ‘
: // \h—_"ﬁ"l"*-ﬂ
3 a0 \
e
o
]
i T
40
/ ]
30 /
s |4
w 20
£ 10
: n
© 4TH CLASS 3HD CLASS

2ND. CLASS  15T.Cumas OVvER By
Dxores oF Burnine of Bricys "

Fre.1
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2.6. Tt may be seen fromn the above that up to a limit the
less the degree of burning of the brick the more the tar it can
soak, the maximum soaking being 80 per cent in the case of second
Gl%}ss bricks and the minimum i.e., 10 per cent in the case of both
“ JThama > and the fourth class bricks.

~2.7. An experiment, as described below, was also conducted
to find the percentage absorption by weight by different categories
of bricks.

2.7.1. Samples of size 2 in. by 1 in. by 1 in. were prepared
from the three classes of bricks, dried in an air-oven to drive out
the moisture from the pores of the samples, and then cooled to
room temperature in a desiccater and weighed.

2.7.2. The weighed pieces were then soaked in tar (H.V.R.T.)
heated to a temperature of 260 degree ¥. The samples were exa-
mined at intervals to find the amount of soakage. After 24 hours
1t was observed that the maximum soakage of the tar had taken
Place. The samples were kept in the tar for another half an hour
and then removed and allowed to cool. After removing the
excess of tar from the surface of the samples by scraping with a
hot spatula, the samples were weighed and the weight of the tar

absorbed by the samples found.

2.7.3.  The results are tabulated as under :

Table 3.
! Weight | Weight [ I’ercen-;‘A;':;:E?
Size of . Class of | before after Differ- { tage of I;a e of
piece. | brick. treat- treat- ence. | Tar %‘ar
ment. ment. | soaked. soaked.

[

!

2” x 17 x ["'Overburnt . 90 gms. 04 gms. [ 4gms. 44.%

2" % 1" x 11t Class 80 gmx, . 94 gms. ‘14 gms. 17 % 16 %

2nd Class 70 gms. 99 gms. 19 gms. 27 %

2"x 1" x|
M |
r

2.8, If the increase in strength is directly proporti.onal. te
the degree of soaking, we may expect to obtain uniformity ina
quantity of brick metal consisting of mixed pieces burnt to differ-
ent degrees down to second class by treating them with road tar.
In‘ order to find the increase in strength of the various classes of
brick In relation to the road tar soaked up by them, the following
experiment was carried out.
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2.8.1. One picce i

> e

was selevcted and cut in:;loch of ie
3in. No brick below second ¢

the pores, and then suked.

3, ed f
degree F in the same way a(.;rirtlhgh
were then cooled down to room ter(;

ri
tar on the surface was removed | ooy ThEY

1 oXecess rou

2.83. The5in. by 3;
A - by 3in surf
properly levelled with plagt, aces of al| ¢
test. The results are tgblfl:;gfbi?;l; and thep S“?)J'::trg?zs ;Vere
‘ . a load

Table 4,
Soaked or Particulars of Crushj
i . shin ]y —
Unsoaked “Mgg)l(e‘;"o; 321Z6 Load on tl%e cél‘xr:}:?rf ©/ Percentage
S 5" X 3" face load g ?: ;?Cl‘ease
Unsoaked A, . -\\\“\ Tength
oc Overburnt Brick 17 tons, m——

B. Ist. Class Brick 15 tons. 15 ¢
.15 4o
. C. 2nd Class Brick 13 tons "
Soaked A. Overburnt Brick 99 tons
A 5. 176 per ¢
T cent
283 per cent
481 per ceng

B. Ist Class Brick 19-25t0ng
C. 2nd Class Brick 1995 tons

19-5 tong,

— —

After crushing, sample © ¢ °
. 3 * p]e C <
ted with tar. (Photograph No lv«)/as found Completely impre
: gna-

| 2.8.4. The above results indicate thag,

_ (1) there was an overall i
on all types of the selected sampleg o rrc> 10 crughi
Ples after souking i 18 Btren
' N8 1n road ¢4, . &th

(ii) the inferior classes of
quantity of tar, acquired approxisrgae};s,tgy absorbin

those of superior quality. 8 & greatey

€ same strength as
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--‘i.:-.UQN’mE‘ATED TQ‘EATED

4 ,‘; .

Puotograph 1.
Photo of Untreated and Treated Bricks Crushed Under Load.

3. INCREASE IN LOAD BEARING CAPACITY OF
METAL WHEN ENCLOSED IN A TAR-MIXED SAND BED.

3.0 Apart from the toughening of the bhrick metal on
account of the absorption of road tav. it was expected that its load
lw;n'ing capacity would he greatly inereased if it were placed in 2
bed of sand premixed with road tar and if the Joad were applied
through the same medium ie.. if there was another layer of tar-
premixed-sand hetween the load and the brick metal. This effect
would he Que to uniform transmission of the load through the
clastic medinm provided by the tar mived with sand.

C 320 The elastie properties of such a hed was tested in the
following manner.

321 A given volume of sand premixed with road  tar
LVOR Y at 71h per cu. ft of sand was placed in a cxlinder
Thereafter the sample was allowed to cool

and well compacted.
The load hearing tes* was carried

down and mature for two dayvs.
out at room temperature (80 degree F) by phlicing the load on the
plunger and increasing it in stages.  The corvesponding vields
were measured on a magnified seale on a kymographic recorder.
(P}mt’”gl‘«"ti)h No. 21, The load was then decreased in the syme

4
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stages and the corresponding pe
that the recovered level was almogt the same:

indicating that the premixeq sand-l, 16 sameyy ¢

proposed+o be placed in the briek-
elastic, .

COVEry noted I way observe)
Serve

l .
ed in whicp e onad level
Pet way

metal weqy

metal tar-cap suffieient)y

Photogrn,ph 2.
Kymographic Recorder,

3.3, For finding the increase in loa ' .
brick metal when enclosed in pl'emixeg b:la]:d i pacity of the
samples were prepared and two iron ringg ln‘f é ed,
and three inches in height. made oyt of § ; Inch
were kept ready. °om.

Sample No. 1

3.3.1.  Graded brick metal congj
overburnt, first, and seco
road tar (H. V. R. T}, h

stin
nd eclagy brick
eated to 260 de

& of equal \
metal wepe I;rop_ortlon

Premixeq
of metal. gree F at 6 |y, per mritfl:
* This mix was placed ip one of the s
“and kept for seven days to mature, 1€ rings ang wel} compact@d

S -401°
Brick METAL 1N TAR CARPBTS

Sample No. 2

Pemix i vad
3.9.2.  Uraded brick metal ax shove Was p‘“]l]““,e.(i “(_-lltlh fl; "
tar (]-f \7 R. T.), heated to 260 clf;trfv l‘_“nltk:‘) L“Jn I()L{ - ol
: and dr { quivalent to S0 per ce )
metal and dry sand, (sand equivalen 0 R
J}ertnetzl (hm:ing been added and mixed with the premixec
4 ot}

i : well
ed » other ring and
This mixture was then placed ‘ mmi‘::ro
compacted and kept for seven days to msi

‘7/%%/; i,_pwm

: / S
4t 71
-STEEL—
PLATE
Ny v ‘n
e | i
o v K-TAR CARPETY
S::Tlm OF THE BRICK-TAR CARPE T WITHOUT SECTION OF THE BRIC

WITH TAR-MIXED SAND
SAND

FIG.2

3.3.3. The samples were tested for crushing ;trf":gtl?‘ 1;10“1:
standard crushing-strength testing u\p}m{j““‘; .‘(n’:;pF?g 2?
inch diametor steel plunger (Photograph No, 3 ¢ .

‘3 3.4.  The depth of penetration of the plunger wax mtc]allsu(::(:
at 5-ton load intervals. Tn the case of sumplv‘ \(1)4 lt, 1]: \o: one
without sand, the crushing load was found to be IO‘I .(-Anm‘pletc]\'
stage the individual picees of metal were found to T A
crushed.

3.3.5. Sample No. 2, ie., the one imwu‘p})mt.m;}: 1\1”11:;1\1;;:
sand, failed at 45 tons i.c., at more than tlu:cv times t ne”(\ f\mm(l
load of the first samiple.  Further, on oxumnmtwn.» ;; v ‘“M he
that the individual picces of brick metal were all intaet,
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o 3.3.6.  Three sets of test were made on eac
. similar results were obtained ip ench op ¢
tabulated helow : -_ ase,

h type of mix and
The results are

Table 5.

Carpet of Jhama & Brick C.
metal without sand.r m::eﬁevtvi()t; th?'?:nan J:g;dB:ai:l({i

Load Distance betweer L
C ' oad |Dj .
in | two plates of the . h; ,?vl:tanc(, between
Tons. jmachine (inches). [ 5§ . [Tong Inoo Plates of the|
P27 | Om machine (inches), |4 5
o el L i | T—— L 5E
S| S8 & |Z8E % _w| o [E8E
=.a| B2 T &= PRy e |¥8C
= = E s == E 8 20 > & e
SE| & & b ET =25 (= MEZ
e ) = = Y D~
Z o RN o > Sl 0 o~ <9
2 - A A R
j < & 5
— -
0 6812 6781 6796 031 7062 Toun
0 7031 7062 7-046

5 6625 6562 6593 203 5 6968 7 6-984 (g2
10 6312 6:281 6:296 297 10 6-937 6.968 6953 03]

14 . o (‘a,rpet; 15 6875 ¢
) g a2 6906 ¢ .
farbe Y06 6890 -ngg
to
resisst.

20 6750 6819 6-781 109
25 6687 6750 6718 -063
30 6625 6687 6659 -059
35 6562 6625 6:393 066
40 6437 6-500 6‘468' 125
45 6312 6375 6-343 125
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Wl T
Photograph 3.
Standard Crushing.Strength-Testing Machine.

3.4.  The tests described above confirmed what was assumed

previously that the cushioning effect of an _elastic base oan
increase the bearing power of brick metal considerably .a,nd also
that sand, premixed with road tar, forms a very satisfactory
cushion.

3.5. The road tar used in premixing, it would appear, fills
the voids in the sand and the sand in its turn fills the v‘pids in
the brick metal, thereby obtaining a voidless carpet which, by -

excluding access of water, should increase its life considerably.
8 & result a minimum surface of the brick metal is exposed to

the atmosphere and thereby the life of the carpet is also length-
ened. .

3.6. To test that the mix becomes voidless and is unaffected
hy water, a sample like No. 2 above was prepared in the 8-inch
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dinmeter ring and kept under water in

(Phoﬁg. No. 4), specially designed byte;h éllA: tt::ruil;;d A revorder
s-eocl?xl"mmg l /360({ of an inch change in height, and OOMOG&P&b‘lo of
how :x;\‘t%: “P W’ed‘ over it. Tmmersion for 48 h‘oiqrumll'tly o
show, any change. The experiment was repeateqd irs did not
the same sample but no swelling or ed three time
observed. The sample was then put
same result as in the similar test dese

eve - S on
o 11crlcu‘se i weight was
0 o load test whi ’
) st whieh gave the
ribed ahove, g the

o™

. Photograph 4,
‘.T‘he Recording Apparatus Placed on the C
Measure Increase in Height

arpet to

o 4. FIELD TESTS.

: 4.1. It has been shown i
*“brick metal can withstand . songidemaieo &
‘bric] ‘ hstand @ consideral i
rourided by elastic i sierably heavier, o
Hesoribed gelovﬁt):h‘::tg?izt niz tW;]l b}b; seen from ﬂ]lszxggﬁ our
Sl bt a \ ) vy hspgeriments
stand abragion or attrition much be‘:t;n ioiked in tar cun M‘:‘:

metal ition results . The resjst.
to attrition resulting from the toughenillfgl z;lt‘sfllxxclﬁu of brick
FICK metal by

absorption of road tar i
metal but a cushioxf?r:’ lll‘OWe‘vcr, will be inferior to that l
brick metal can help (i a'ym of premixed sand on t] “top of
elp considerably by preventing ty \ﬂ‘m fop of the
Tathe coming in

scribed testy thut
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direct contact with the brick and this will enable the brick metal-
led road to withstand heavy traffic satisfactorily. The cushioning
layer will be subject to ahrasion which will of course have much
less effect on it as the sand particles are harder than the stone and
the sand layer can be easily and cheaply renewed when necessary
by application of an ordinary coat of painting with road tar
hlinded with sand (seal coat). This will also prevent the entry of
moisture into the brick metalled road.

42 Prior to the above laboratory test, actua) road trials
were made eleven years ago, in 1939, on the main approach road
of Messrs. Bengal Chemical and Pharmaceutical Works factory at
Panihati. Apart from finding out the suitability or otherwise of
the use of brick metal in tar carpets, this experiment also aimed
at ascertaining the comparative behaviour of brick and Pakur
;‘togle metal under identical condition of sub-grade. rainfall, and

raffic,

1.3, Two sections, each 100 ft long and 15 ft wide, one
using brick metal in the wearing course and the other using stone
metal, were laid on the main approach road to Panihati factory of
Messrs. Bengal Chemical and Pharmaceutical Works. Both these
sections were again sub-divided into two sub-sections, one having
4 seal coat and the other without it. Detailed specifications are
given below :

Table 6.
Sectimﬂ| Base Course } Wearing Course
1 (n) Consolidated Jhama- Two inches thick standard
metal waterbound maca- <Tarcrete ~ carpet using
dam, 6 in. thick, laid brick metal consisting of a
over one brick flat wmixture of over-burnt, lst
soling. and 2nd class brick metal.
No seal coat provided.
1 (b) Do. Do. With Seal coat.
2 (s) Do. Same as in 1 (a) but using
Pakur stone metal.
. No seal coat.
2 Do. Do. But with seal coat.
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4.4. Specification for 2 in. “ Tarcrete C
st 4 arpet
i) - U.smg Brick Metgl . ’
(8) Brick metal con
Ist and 2nd ¢
metal, size 13

8isting of
lass brick
m.to 1 in.
(b) Medium dry sanq

: . ¥ cu. ff

(e) ng}.‘}[) \VlSCOSity roud tay . ff Do.

(H.V.R. T)

(ii) Uswng Pakur Stone Motn] - o
(a) Pakur stone metal

13 in. to 1 in, e

(b) Medium dry sand

. . 8 eu. fy,
{¢) High viscosity roaq tar ft. Do.

(H. V.R. T.
) ) 120 1y, .
Sixteen pounds extra tar was used jy o
metal carpet to allow for the absopnei . 1€ Case

. orpti of the:
brick metal in order to toughen the Weif)k:‘?npigf the ])inde:’hl‘)'rii:ﬁk
' g cey A )
4.56. The ingredients were mixed ip
on the prepared base course, and rolleq
roller.

% mechanje

With g Tos ¢l mixer, laid

on steam road
4.6. No description of the laying of the
necessary as this is a process known to all engineqrs, Th in

of mixing charges .fo‘r the “ Tarcrete ” carpet & 8eqhence.
using brick metal, is important and is given hI;re’ .nf’?pecmll‘v 'thg.’;'

base Courye

4.6.1. « Tarcrete” with Brick Metal

(a) Four cu. ft of brick metal was puy |
24 1b of tar heated to 260 deg
These materials were mixe :
coated on the surface.

> Mixg,
Y wag . end
d until the mh‘:;:]d(:v to jt(
(b} Two cu. ft of dry medium sand wasy then
mixing continued for half & minute wy, ddeq ang
tar heated to 260 deg I was put in ;mden_ 19
till the sand was thoroughly coated. mi

The mix, when ready, was emptied into a
and spread on the road so that each chareel barrgy,
265 8q. ft of road surface. ~ Rolling was stq,>,%Vereq
sufficient area had heen laid. ted aftep.q

16 ey, f, per y s, [t

16 cu. gy per % n. ft.

-
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4 6.2, ¢ Tarcrete” with Stone Metal

The procedure was the same as for brick wmotal oxcep‘t
that 16 1h of road tar was added to the stone and 14 1

. to the sand.

4.7 1f the above sequence of mixing s followed, the f'eiult
will be that ench piece of Jhama or stone will have, adhermgtﬁn
it on all sides, a fair amount of saud coated with tar so that the
placement of the metal in a cushioned hed will he ensured.

£, The cross slope or camber given was 1 in 60 and the
wsual procednye of rolling a hituminous carpet was prmwd.

4.9, Forty-cight hours after the rolling had heen (‘,omplet»(.adf
hnlf the fength of each section as already stated, was sealed with
1S [h of road tar (No. 3A) and hlinded with two cu. ft of drv sand
per 100 saq. ft (Fig, No. 3)

'——‘IST. SECTION WITH BRICK METAL -LZND. SECTION WITH PAKUR STONE—‘*‘

— 50’—~+——so' B £0l e 50— -
@) %/ //{/{%\\\\\ v (a) |
e 100 - 100’ ,

5. TRAFFIC ON THE ROAD.

3.1, Ax the Panihati Factory has no railway siding, the raw
materinls and the entire out put of the factory are carried over
this rond hy hullock earts and heavy lorries.

6. BEHAVIOUR.

6.1, End of Ist year: No appreciable change took place on
(1940) any of the sections excepting that
hoth the unsealed sections 1 (a) and
2 (a) worked up under traffic vo that
the surface of the exposed metal on
top became partially covered with
premixed =and.

Nealed sections viz.. 1 (b) and 2 (b
remained unaltered.

<t
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Phetograph 6.

The Road at I'anihati Factory as it stands now

6.8. From the ”‘.]"’"“ it was concluded that hr
to second class can give as good a road as stane
fhe correct speecification is adopted.

ick meta) up
metal, Provided

7. EXTENSIVE TESTS.

T30 There iy one  differenc

‘ : lifference  belween the traftic © thi
Ea;z(&ry."&[l)prfmch road and a public road. numely that th‘ént-r;gils
Sp 15 low on the former. A farther experiment on a publi((:

road camying heavy fact (r i
. . P 2 o ra ! . i s
road cam3 affic of mixed vaoriety was, thercfore,

7.2. The Works and Buildings
Bengal Government was, o
sive trial to thix specifient

Department of tl /

‘ : e West
therefore. approached to give an oxten-
1on on their roads in the State,

« J¥
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7.3, On the suggestion of the Chief Engineer, instead of
wsing & mixture of brick metal of all grades, the different grades
were separacely used in order to observe their individual behavi-
our in the Tarerete™ carpet.

7.4 Aeccordingly. a section of the Strand  Road opposite
Fort Willinm was selected for this purposc.

Four sccbions were laid after removing approximeely
290 4o 3in of the existing =sarfacing over the stone meatd
waterhound  macadem.

Section SCT -2 o0 lo 3in Parerere’ with stone metall

Seckion "B - 2in. clParerese’ widhoa mixcare of overburnt
and Tse elass brick meial (Phoiogrephs 7and 5y

Neetion D - 2in. s Tavereie’ with a mixture of Ist and
Ind elass hrick meol

Section AT -= 2 in. cTarere e’ with & mixture of 2nd and 3rd

elass brick metal

Photograph 7.
Surface texture of the section * B’ immediately after laying.
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Photograph 8.

Surface texture of the section ‘B’ after a fortnight under trat
attic,

75, No seal coat has boen applied on any :
sections were laid in November 1948 in the szm':"» ”S“t“’ll. The
laid in Panihati Factory and have heen kepy m( | WAy as those
ever since. - 1der observygion

7.6 This poutivh of the road carries | .
bullock carts and hand carts forming the :“&Lj]gr t-y]n:x.\-.‘ of tgalfic,
is no speed restrictionon this road and alj t_l’Ol'tlon_ There
vehicles, including heavily loaded lorries tra,ve')’p.% of moor
at high speeds (varying from 30 to 50 milex per h(:‘:i_’) this weetion

ts
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7.7, Kt is now almost a year since the experimental sections
wese Jaid. Al the sections are in good condition (Photograph

No. 9).

Phntograph (.
Strand road opposite Fort W illiam, Calcutta.

7.8. A further observation to he made -in thix conpection i
that the bulk of the traffic is unidirectional owing to the position
of the section and the width of the road which has at least four
traffic lanes.

7.9. No thorough traffic censux could be arranged for 24
hours but a partial one for three hours (from 12-40 p.m. to 3-40
P.m.) was taken for four consecutive days soon after completion
of the work and the results are recorded helow.
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Table 7.

Praffic Censux on Experimental Section of Strund Road
Opposite Fort William. Time 12-40 to 15-40 hours.

Average of 4 days

1. Loaded bullock earts iAverage load 40mds.) - 107 Nox.
9, Uf\londed - « .. 10 Ly — 40 Nos,
3. Loaded hand carts « ., o X0 ) 114 Nos.
4. Unloaded hand carts  ( . 2 ) 4% Nox
5. Loaded lorries ( W Hions) - 64 Nos.
6. Unloaded lorries { 2 ) 29 Nos.
7. Motor buses . (.. By 23 Now
8. Motor cars o . .. 1. 29 Nox.
9. Motor eveles . « ., . Lo ) 16 Nox.
10. Push cycles ( , o 2mds)- 92 Now
11. Hackney carriages « . o & ton) 5 Now
12. Riekshaws loaded ( . N} ) 29 Nos

(Note : One fon = 2% mdy.)

8. CONCLUSION.

Brick metal when used in water hound macedem iy
the usual way is unable to “E‘fmd ]10;{\’)’ tratic.  But (he same
metal when sosked in High Viscosity Rn_ml Tar and placed in «
bed of tar-mixed sand with a seal coat of tar and sand ean with
stand fairly heavy traffic to the same extent ax a stone metq)
s« Parcrete ’ carpet of the same thickness laid under identican) ¢on
ditions. This fact should be of great inte.eros( to road authorities
operating in localities where stone metal is searee angd compnrn -
tively costly.
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A view of the completed Kuakhai Bridge.
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SYNOPSIS

This Paper, publisiiod in o abstract forn, «Ioa‘crihus-uho construction of
& bridge ovor the Kuakhai rivor in Ovissa during HMd8--50. The total 'ength
of the brideo iv 1,606 feot with 15 oyual  spans of 106 feot and o 53-fant
cuntilover span af onch  emd,  This Dridue curvies a 24 1L carrinzoway and
LWo 6-ft footpaths. Tho foundations are two cireular wells. 133 1t diamotor
undor guel pior. Cho snperstructure is of the reinforeed comerete balaneed
cantitoyor typo and consists of threo R.C. virders =paced 11 ft centre t) contre
Conuected with o 9 in. thick R, €, dock slab, Tho reinforcement was weldod.

The Paper includos  cost dotails which show  that  the cost of the
Suporstracturo per vunning foot was Rs 360.

1. INTRODUCTION

L1 The raison d° etre of the Kuakhai bridge hax already
l’.“‘” given in LR Paper Noo L pelating to - Well Founda-
tons of {he Kathjuri Bridge. = The Koakhai Bridge is thé second
oF acseries of four bridges required for developing  the Mahanadi

> * Ordored by the Council to ho printed in abstract form. The original
apor with drawings ete. may be =eon in the Indian Reads Congress Offce,
\]mh]a.lmn Roud, Now Dolhi., :

. t Papor No. 144 published  «n paces 153 to 192 of Vol XIV-2 and
liscussod oy Pagss 507 to 522 of Vol, X1V-4 of  the .tourual  of the Indian
tonds Congross printed in Docembor, 1949 and June 1930, respectively, '
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delta near Cuttack. Construction work was started on this bridge
in November, 1948 and, except for some minor dotails, the bridge
was completed in August, 1950. -

2. SELECTION OF SITE

2.1. The river Mahanadi, which is the parent river of )0
Kuakhai, traverses very hilly country throughout its coupse “l‘
about 500 miles. Immediately after it enters the I)l&miuslthr; .
the narrow width (about 2,800 feet only) of the Naraj Gorge
(Plate 1), it bifurcatesinto branches called the Mahanadi ()l:():?(\
left and the Kathjuri on the right. The town of Cuttack '-N:
built on the delta formed by this bifurcation. Soon after y. Wi
the town, thesé two main branches are further subdivi(l(LJd'%:-llu\r
Birupa originating on the left from the Mahanadi branch l | 'l“k
Kuakhai on the right from the Kathjuri. Within di%;m‘ ‘t‘ 10
about 16 miles, the Kuakhai subdivides itself into tixé Iié‘v ;;f
bhadra and the Bhargavi Rivers. There is still further gyl ;{S-F
sion of all the branches lower down in the delta as iy uﬂu'wl i
deltaic rivers. sual with

sugh

2.2. The discharge passing down the various brapchee ¢
the Mahanadi varies from year to year. Somet,i:ne:;llLtljlltlh‘w5 o
pranch takes the main discharge and a few years later this ‘.Y" Ul‘lo
gets sluggish and tends to silt up while another branch ‘be’l‘“‘b"
active. The observed record discharge. of the Kuakhaj w%co;;nr
lakh cusecs in 1896. Since then the highest recorded dischar .
was only 2.53 lakh cusecs in 1937.  About the year 189¢ ":}1(\1,15-’.0
railway bridge was constructed over the Kuakhui ag en a
miles upstream of the road bridge described in this
opinion of the railway engineers, based on a compari
veys and other records dating back to 1847
surveys made in 1896—97, was that

a site somy
),

Paper, the
1son of sy
and earlicr with the

* the whole tendency of the river appears t

the Kuakhai into the main ch&nne}.l.... 1o be to conver
'The Kathjuri river is slowly but surely cutt i e

. . . cutt aWav

right bank at Chargurrish Point, and Zhe fu;&ge: w((lL y the
of this erosive action downstream will gyre] ddvance
checked, resqlt in the Kuakhai becoming the m;iy_’ unless
nel for the discharge of the Kathjuri water i chan-

the shortest route to the sea by several mil:s t Pl'csent;,;

2.3.—Levels taken in recent years show ,
Kuaklhmir Rivefzhys tende_d to be considerably t llll‘i";hzlll_eﬂked of the
the Kathjuri and, in 1947, the difference in levely was an that of
be of the order o_f 17 feet. With such changes in the i reported to
river, the selection of a suitable site for ¢ regime of the

Knakhai presented a difficult problem for ml“ti:))ll‘lldgo neross the
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2.4, The intricacy of the problem is illustrated by the fact
that various experts favoured construction of the bridge in four
different locations on the river spread over a range of about, 15
miles starting from n short distance upstream of the existing rail-
way bridge ncar Cuttack up to near its bifurcation - into the
Kushbhadra and Bhargavi rivers. Further. for each possible
Joeation there was some difference of opinion about the most suita-
hle site. In view of these divergent opinions a joint inspection by
all concerned was arranged by the Consulting Engineer to the
Government of India (Roads) in March 1047, Ax ayresult of thix
juint inspection a site near Balianta was finally approved (Plate 1}.
[t was also decided to determine hy model experiments the most
suitable length of waterway required for the bridge and to
determine the design of training works. if any. required.

235, The resulis of the model experiments (which were
carried ot at the Central Waterways, Irrigation, and  Navigation
Research  Station, Poona) confirmed that the site as finally
selected was the most suitable and the length of waterway as
already tentatively decided upon  correct. As  a matter of
interest it might be mentioned that the site finally selected for
the bridge was also considered to be an excellent site about 50
vears ago by the B. N. Railway Engincers when they were
surveying the river in conncction with a railway bridge over- the
Kuakhai, although this fact was not known at the time the 1947
decision was taken.

2.6, The nature of the strata met with at 50 feet upstream
of the centre line of the bridge as eonstructed is shown in the
Boring Chart (Plate I1).

3. DESCRIPTION OF THE BRIDGE

3.1, The Kuakhai, like the Kathjuri bridge, was designed
a8 a peinforced concrete balanced cantilever structure with
suspended spans in alternate hbays (Plate 111) as this was found
to be the most economical type in the conditions prevailing at
f.l}e site. The piers are founded on coucrete wells, two separate
circular wells under cach pier being provided instead of a twin
well as at the Kathjuri bridge.

3.2, The total length of the bridge is 1,696 feet, comprising
fifteen cqual spans of 106 feet cach and two end spans of 53 feet
cach. A 24-foot wide carringeway has heen provided with two
B-foot wide footpaths, one on cither side.

_ 3.3. The Substructure. The foundation under cach pier
consists of two separate circular cement conerete ‘wells' of 13 ft
6 in. outer diameter with « 2 ft 6 in. thick steining, and a 3-foot’
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thick \(ibl‘il»{e(l R. C. well s on the to 4F 1

p (l l(\t}(i I\/ F r
Pho’m2 . A g s OrC Cartice ’ 15 " and
b0, ) 11 the ‘\VL“.\ were carcied to a (l(‘])th of R. l}.""-——

Pitn No, 2
Well cap shuttering and reinforcement wark is j
: K is
progress and almost ready for concreting o

3.4 cors are 1 1 , -
concrete ’Fltl}e Piers arc in lightly reinforced 1:3:6
: rete with plums. Mhe abutments are reinfore .l‘ cetirent.
\lctajmmg walls with counterforts (Plate 1V, Fig “_)‘ conerete
fli'“_lg)"e(]{ ‘f’n].‘/ for ("‘“:“l pressure and trafiic ]()iL(]\‘ l):‘t ;) w are
W y load from the bridge.  As a vesult. the abutment f”t ke
were not taken down very deep (R L. -54.00) nt foundations
3.5. T o
dhres It O :1,9: l?}{pgrstructur_e.m Fhe snperstimcture cons:
t‘h'ck [% (}'. ,-.lll(](/h, spaced 11 feet centre to contre, w '1‘;”““ of
Y s deck sk ate < With a 9.
'1.1] R deck slab (l‘l.m 1. The wearing cont 1th a 9-inel
slab is a 3-inch layer of 1:2 04 cement coneret st on the deck
: cconerete,

8.6. The depth of the girders is 13 feet 3 i

support zm‘(l 6 fect at the centre.  The cent “(I( ﬂ'; nehes at the
made two inches higher thronghont their ) ‘M Hirders have
a cross slope for drainage, keeping the (,hi:‘nmh o

' been
: . 0 provide
kness of the deck slaly

Peid
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ancd the  wearing coat aniform  over  the cross <cction.  The
girders are of woeb and flange type construction with weh
thickness of 9 inches. The (hickness of the flange varies from
7 inches at ¢he centre of the xpan fo 15 inches at the support.

37" Roller bearings, cach having four rollers of 4 inches
dinmeter. have heen provided af the free ends of the supported
spans, amd rocker hearings at the fived ends.  See Plate V.
Fig. 3. The bearvings have heen dexigned fora load of 240 tons.

A report of the physical and chemical testx of the metal used
in the bearings can be seen in Appendix L Table 1.

3.8. The sliding bearing 2! the free ends undereach of the
three girders of the suspended spans consixts of two ¥ ineh mild
steel plates, each 2 106 in. by 2 ft 41 in in size. with afin.
thick copper plate in hetween (Plate 1V, Big 4. Al the fixed
end cach givder has four vortical dowels, cach 12 in. long and
I in. diameter, emhoedded half in the cantilever and half in the
suspended span.

3.9, Provision for expansion in the the roadway has heen’
made at the free ends of the suspended spans. Two angles. 2 in.
by 2 in. by 4 in., as shown in the Plate IV, Fig. 5. have heen
embedded in the wearing coat with their top 3 inch below the
road surface, so that when a 3 jn. thick iron plate is placed on the
angles the top of the plate ix in tevel with the road surface. On
one side the plate ix welded to one of the angle irons whereas the
vther side stides freely over the other angle iron. A clearance of
3 ineh provided  between the free end of the plate and the
conerete  of the wearing curface ix fitled with bituminous
expansion material.

3.10. Two footpaths (Plate FVv. Fig 6) are provided. one
on each side of the carringeway. the surface heing formed by

163 in. hy 167 in. by in. thick.

four precast conerete tiles, ench 163

In the original design sand fitling was provided underneath
the precast slabs but it was later decided to paint the top surface
of the cantilever portions with a water-proofing hituminous coat
heeatse fine shrinkage eracks ;Lm)m\.r(-(l in the cantilever transverse
to the bridge and to replace the <and support with three 4-inch
walls to earry the floor tiles. (Plate IV Fig. 6).

341, The parapets are of panelled reinforeed concerete con-

struction, with expansion joints earvied up from the road,

4. CONSTRUCTION

1,1. Materials. Sand wax taken from the river hed. Coarse
aggregate was  hrought from the same quarries which supplied
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“§grega,te for the Kathjuri bridge and are described in Paper
No. 144.  Steel was received from Tatanagar and Burnpur, and
cement, at the beginning, from the Kistna (‘ement Factory,
Madras, and later on from Chaibasa. The fimher for the work
was obtained mainly from the State’s own forests, only a small

quantity being imported from Madhva Pradesh.

4.2 The bridge site, being low lying, was unsuitable for the
storage of materials during the monsoon. (‘onstruction materials
were, therefore, stored near the Bhubaneswar railway station 8t
a distance of about 43 miles from the bridge site. After the
monsoon the materials were shifted to the site of work.

4.3, Proportioning of the Concrete Mix. Before the H‘;lé:,:-.
structure work was taken in hand, test cubes were mavde 0 I
tain the strength of concrete made with aggregates from Haridas-
sources. Hard granite stone metal from the Tapang "'"d, .\lvf()uml
pur quarries and gravel from the Hindol Road guarry wer o in
suitable.  Nelected, broken gravel was, however, also nllow rite.
the superstructure mixed with 30 to 60 per cent of hroken grat e
During actual construction two to three test speeimens were ta h
every day from the mix used in the work, and later on t(-nte('l s
“ee whether the witimate strength conformed to the gl)(x('iﬁ('ntlo!l.

A chart s i . apedix
imn 'I‘M)\e‘é‘(_):_wmg some of the test vesults ean he seen in Appe nd

A:‘»’

Stoking Device . ko N,

Kentleage |,
ading o s well and
dredging in Progress on angm:‘e:m v

(different
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4.4. Sand was tested for bulking every day of conereting in
b tin eylinder 12 in, long and 3 in. in diameter. Figures for pes-
centage reductions ranged from 22 per cent to 27 per cent.  An

adequate proportion of extra sand was used to compensate for
this bulking. : '

4.5, Sinking Devices. When it wasx found that dredging
had hecome ineffective owing to the wells coming on to extremely
stiff cluy which could not be penetrated, a special chisel cutter
made locally out of rails assembled together, as shown in Plate IV,
ig. 7. was tried. Thix was operated by a derrick and winch,
the chisel being dropped from a height of 15 to 20 feet. In this
way the stiff clay soil was loosened to some extent and dredging
again hecame possible,

Other devices used were de-watering, blasting.  kentledge
loading, and so on.  NSee Photographs No. 3 & 4,

Phote No, b

Well No. 13, Unable to sink even after sufficiently loading,
the diver ig being sent down to ¢xamine the substrata.

-

{
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i ilt. Out of the thirty-twe wells foy
o daiil:)lrf: :f‘l.t‘;ihizlrridge pqu seven sanlf absolutgly 8tr
the foun 1 tilt of the remaining 25 wells is shown in Plate v
e 'Shlft 2‘J*mn th@t the shift and ti}t both ,V&I‘ied from in g
It will be see in the worst cases. Photo No, 5 shows eceentyio
;Lboiuiflgla'l}?i‘ch was one of the devices used to rectify iy,
0ac , -

ming
aight,

+ Photo No, 5
Concreting is being done in one well w

X hile the othey is
being loaded eccentrically at the infigj Stage tq rectify cang.

The sinking of the wells was co

) sidere quite satisfactary
and the piers were constructed in the designeq Positions. ;

4.7. While sinking was in progress 4
rogress chart was ma.inmmed, as
?’late VI. The chart shows also th

through.

_ reguiay d&y-to-dm’
Pecimen of w0}

Y aphoars in
€ nature of the st

'f November, 1948, the a
length of wells cast and sunk i & workj

[ N8 teason of gix monthx
was 1,775 feet. In addition, one abutment, and al]
(total height 256 feet) were complete(] before the Work was clogad
down for the monsoon in June, 1949 - Wor was again Tesumed ip
Novembel‘, 1949, |

.

D

s

4w
Kuaguat Brivee

‘. Al)utllle S » f i S or > ']‘ llivll’lelltis were
nt \ 3 t'h(/ foundﬂ- 1O1S f()l t‘h( & b .
4. ) B b

' L.°533.75
ion was made to R. L."33.75
| © (vee¢ para. 3.4), open excavation “rfl,s-")ut o Reinforeo.
oy oo b ) coat of 1:4:8 concrete was I} mereting with a
: < el ‘ . § ) “
ot 3-1“:}11 H(’lllid in the proper position and c
ment was then la ne

s \ee Photo 6,
11204 mix was done in 4-foot lifts.  See Ph

Photy No, 6 4 butmont
8 f the left abu

“ixing reinforcement of the base o

“‘““g of bottom is in progress.

N
uction” of the superstyuc
'I‘ll(‘ (‘()n.\‘flll(““ll (f

"e1e
+.10." Superstructure. 7‘” ot

. . 1049, the first co
; . r. 1949,
ture-was taken in hand early in .'\Ty\:"ll)i’f’(.mhw
' ‘ ; “ ‘ ’ «, - S | (1 .
being placed in position on the 2 .
' . 5 . . : i
L ' o the construction }“‘ ”u't:a(f;(:r:'
ing ' hso in the contractors
During the mo i ‘ax done in Sl
aud tll'lzl f hricn»tign of the shuttering “-“.\-d\‘t-niml. The reinforeed
‘\r»"«)x'kwll()]) ‘nmn- the! Bhubaneswar Railw ay st
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concrete slabs for the bases of the trestles were ecast at site at the
end of monsoon. These slabs were 5 ft by 5 ft by 4 in. with top
and  bottom reinforcements and four hooks to facilitute handling.
‘Phey were placed in position and tested with a 30-ton load. If
there was any sinkage it was made up by inserting steel packing
pieces under the trestles.  The amount of sinkage noticed under
30-tons was } in. to  in. only.  Nome slabs gave wav under this
load and were replaced. .

112, After slabs had been tested, trestles were placed over
them by means of a crane. Bach trestle was built up of four
wooden columns latticed with wooden battens (Plate VII). Threc
tresties were placed in one span.  Of these eight rows of trestles,
four i.e., two rows at either end near the piers, were not so high ax
the others their tops being 6 in. below the top of the pier cap.
The second row of trestles was cross-braced with the third. the
fourth with the fifth, and so on. ’

4.13. Horizontals built up of two
sections, 6 in. by 3 in., with one inch gap between, ran along
the length of the bridge over the columns.  The hori-
sontals passed over the first and second trestle and rested
on & seat by the side of the third trestle (Plate VII) whose
height was more than that of the first and second trestles.  See
also Photo No. 7.

rolled  steel channel

4.14. Vertical timber frames were then fixed on the |
steel horizontals by means ‘of bolts and nuts. These vertical
trames carried the softit centering and shutters. The leve] of the
gimber frames could be adjusted by means of threaded bolts,

wilt up

415, An angle bept to the proper shape of the main rein-
forced concrete bridge. girders ran along the full length of cach
span and was kept i position by means of angle ¢lonts whicl
fixed it to the vertical frames. s oh

4.16. Reinforcement™ Reinforcement was
over the side shuttering, tied and then
position.

first

arranged
gradunlly 8

lowered inte

.

£17. 1t will be evident from Plate LV, Fig. s thy
no space for lapping the rods.  The joints Wevo,g.t‘}:e:::’z:’r(thow Was
- cally welded. Numerous-tedts were made hoth at site by '(:lectn-
the joints and at Alipore Test House on tost Spccilnlem"‘;(lmmm
tensile strengths. It was found by cutting that only five o heck
of the joints showed any weakness and that too only at ']ll(\r “e““
of the work when the welders were paid on piecework 'tilt; ’:f”:"tt;::‘:

nRial BribeE

4%

-
[

l;lx(rtu Ne.

The tres.dé staging and shuttering are being erected between piers No.

15 & 16.
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being 12 to 16 joints per welder per day. The piecework syst,éinw

was subsequently abandoned and

a LI payment mad 1 )
(}))ztt‘&ut dfell to 8 to 10 joints per day per welder l?utb z’hgu\lvlgi'k '\rv};(
. t1- one. The quality of work continued to improve durii :
construction ax}d' no defects or weakness was discovered a{; 1 "
stage when 20 joints were cut for ingpection. o later

4.18. The tensile and X-ra ' i

\-ray tests (Appendix T 3 &
showed very good result.s. In most c&l,ﬁespil?él])i;'elxlltl xlult) {0? i T‘)
way before the welded joints. naterial guve

4.19. 1In placing the reinfo

reement
staggered and not more than 10 per cen:;t,o
joints at any particular cross section,

the welded joints were
f the rods had welded

4.20. Concreting of the Girde
er
- forcement had been fixed in posit?o?lnd Slabs.
Internal and external vibratory :
ensure proper consolidation,

When the rein-
o conereting was started.
f?l ¢ used during concreting to

4.21. When concreting . :

_ gan R. C. (irder, starting fr S
piers, the full Iengt!_l of the flange was concret(:(l first m?d tll(:m t{“
web was concreted in layors, l o the

4.22. A peri Hur v
one unit of ;li)zf:t)lc'iug’i f()}.l ~t0 h‘.’“ weeks was required to finish
Thttoring, ami concretl'lr(l including the 91’ect10l1 of the trestles.
ore concxzeted o thre(-‘lgg. The three main girders of each span
days intorval. Thix s ‘a,ys ap(l the deck sla,l) concreted after one
B o Tt o it ko] 1 et
sturbe r of ¢
for better strength in the case of vibrated 0()1101‘et(e:. 24 hours nade

5. GOSTS

5.1. During conereting, statistics were k
) ; ) HUh ept on ;
‘ (.gnstructlon ay well ax the quantity of nu\.’cerialsprequir:‘]cllU f(,u'xt, of
;L&Ee}t;(?nt umt;sl ?f the superstructure. The charts for lg.i) the
achinery, and the apprpximate costs of each i abour,
Appendix iv. p'”f-;, f each item are given iy,

} 5.2. 'The cost of the superstructures ;

T ‘ ! N oper  line:
-out to Rs 360/-. Cost per 100 cu. ft. of roinfowl:a:l“m o
Jincluding the shuttering etc., came to Rs 628; merete work
l.abour and machinery only (excluding the cost ()/t:.tl Tho cost of
came to Rs 30-14-0 per 100 cu. ft. of reinforce| nonvvrl:t shuttoring)
oncerete.

foot worked
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’ . Appendix 1
Extract from the specifications and data for the.
design of the bridge.

~ The Specifications were similar to those adopted for the Kathjuri
Bridge which were published with Paper No. 144. Only those clauses
are retained here which are peculiar to the Kuakhai Bridge.

(¢) Levels and heights on the bridge :

(i) Finished level of caps of piers and the lowest part of
the span bearings—not lower than R. L. 683,

(ii) Finished level of the lowest edge or face of the super-
structure at the middle of the 106 ft spans—not lower
than R. L. 74'5.

(iit) Finished level of lowest edge or face of the super-
structure at the middle of 53 ft spans—not lower than
R. L. 72:00,

(iv) Finished level of the crown of the road over the main
106 feet spans as low as practicable but not lower than
R. L. 81-00. The roadway along entire length of this
part of the bridge shall be kept at the same level.

(v) Finished road level over the abutments, as low as
practicable but not lower than R. L. 76-25.

(vi) The slope of the road from the ends of the central and
level portion of the bridge towards either abhutment
shall not exceed 1 in 30 and suitable vertical curves
shall be provided at the meeting of grades.

*® * *

(x) Base of well foundations for all piers: R. L. -15:00,

Base of abutments : R. L. 4 15:00.
B R

(6) Tho design shall be good for the following standards of
loading, stresses; physical conditions and other paraphernalia of
derign practice :— :

(i) Hydraulic and site data:
Maximum discharge—260.,00() cusecs.
Estimated average velocity) -
in unohstructed channel. ) 3 ft per second.
Estimated scour level at the .
piers in the main stream. } R. L.+ 60

Fstimated scour at other
points — Twice the depth of flow at

H.F. L.
* *
Pressure intensity on foundation soil at R. L. minus 15:00

: 6 tons per square foot.
: ® * L]
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Appendix II

Matertals Tools, and Plant used in the Construction of

Kuakhai Bridge.

Serinl |
“No. _

1.

Ll 2

6.

-‘]

9.
‘l ":'n l.

12
13.
14.

1h.

!

18, °

17.
18.

“Wagons

Number or
Quantity.

Ttems.
| A. Materials. R
Cement
Coal
Stone chips, metal and plum stone

420,000 ¢
B. Transport. oft

Trucks 1,500 Nox,
) (. Tools and Plant. 12 Nox,
Crane with steam Boiler (4 tons & 7 tons) | 2N '
Derrick Set " s '.Yus.
_Winch-—5 ton capacity (Steam) . l\r“"'-
Boiler + Nos.
Pumps i Now,
(a) Sump pump .
(b)  Air lift pump - i\vns.
(c) Pulsometer pump -l 1\rﬂa.
Air Compressor-—200 h : I\'GN.
‘Conerete Mixer, 6 H. P. (7/10 capacity) . N"h.
Diver’s Pump : # 1\‘03,
Serew Jack ') %u,
Water supply pump with engine 12H, p 2 l\'ms,
Electric (enerating Set. (220 V23 Amp & I Sef.
5 K. W) . ‘
Welding Set I Set.
Stone Crusher | Set,
Gravel Washer (10 H. P.) 3 Nox,
Workshop Machines = | No.
(a) Lathe , .
(b) Drilling machine - = Nox,
‘(¢) Band Saw ') 1\"(»,
(d) Screw Cutting machine 2 Nox,
(e) . Hacksaw v i 1\:'0,
Ram Pump and Centrifugal Pump 0 1\‘401.3,
Rail Chisel Cutter ’ v ; ;ets.
0.

orries
Lorries 10 Nog.

Steel ~ 3,000 Tons,
. [~]"2 Tf)ns'

1.864 Tonx.

‘Kvakgar BRIDGR L
Appendix IIT -
Table 1

test of roller and rocker bearings.

fs in Cast Steel. ’
| Ultimate Elonga-
Phos. | Yield Stress in tion (per Bend Brinell -
e tons/8q. inch cent) .
038 20.8 40.0 14625 OK. 187 -

033 20.8 48.8 25% Satisfactory 187"

: 20.4 37.6 g
037 188 38.4 21.8756% Satisfactory 180
029 16.4 32.4 17.187  Satisfactory 179

20.4 39.6 183
s in Rojled Steel
0.033 196 37.80 17.187% O.K. 187
0.034 20.0 37.80 15.65% 0.K. 187
0.032 192 37.60 23.437%, 0.K. 197
0.032 17.20 36.4 21.975% O.K. 197
0.035 23 47.0 199 — —
lcation (Provisional) for Cast Steel Béarings (1950)

Tolerance
0 - =,
- R L] -
g 5 "g 8 3 % _-a 0 Thickness »
g ®.2 a PEE Height of | of Castings *
5] 8 g g £ 2| components !
— & .Ei....
& Ba O 5 }
— 180-200 0.003in. 0.02in. .02in. No  The edges of

minus tolerance.

be parallel

throughout
their length.

all ribs shall

-~

LR NS

b
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Appendix 11i—(contd.)
Table 2
t tion.
Chart showing Compressive strength of Test Cubes taken during construction
g o A g . |
2 | Descrioti g . “. B g £22 Ultimate | .
- ;s::elll"it;g} ;f £ ,g ; °5° g bED 3 i - ? 8 crushing stress | Remarks.
2 . g8 £5 £ d REEY in Ibs/Sq. in. |
© : o ! RQ s
* . Con sl | — —
. ; idal
1. Well curb with 1:2: -12- . 36.60 63 385657 Tested at Broke with a pyrami
chips. 11248 268 30 o Alipore fracture. A fe:’ ILIGCCS of
- Test House, aggregate also broke.
2. Well steining. 1 98-1.49 17 37.82 36 2132J Caloutta,
3. Flangeofgirder 1:2: 20-2.50 28 36 80 4978 —Do—
with chips.
4. —Do— 1:2: 21-2-50 2% 36 87 5413 —Do—
6. Web of girder 1: o 87.6 4200 —Do—
with chﬁm_ . 22-2.50 28 36 'Sl‘est,ed at
- * | Site by
7. Deck slab with 1:2: K ] 67 4107 | Avery —Do—
50% chips and 24-2-50 28 36 LTestl:g\g
50% shingle. machine.
8. Flangeofgirder 1:2; , 82 5102 —Do—
with chips. ' 28-2.50 28 36
. —Do— . __Do—
1?) D" 1 21-2.50 28 30 856 5320 Do
. —Do— . Do—
1 22.2.50 28 36 7.5 4822 Do
/“ /
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. Appendix 1V
ir, materials anaigth 185'—6r)

o LABOT Quantity | Average
se ials of time Remarks.
tiikilled : Steel per Rft.
wF drivers-2 | Assttate- '] 2 mins.
m? driver-1 | CoalO Cft ’
o 3| Cool-6685 j
. 8.3 Cft. |

ngies-12 t-266 |

ns-3 bags ;

Nenter-1 !

midars-2 i

i - :
~

r drivers-2 | Asstiate- 2 1295 mins|
Wie driver-1 | Coab Cft. 3 i
-—r-1l Cook1365 b !

8-3 Cft. ,§ i

iasies-14 t-5456 o

‘ns-6 bags| . & 1

enter-1 2 g'
__dars-2 8 '

)
G. ©
r drivers-4 | Asstate- .| 5 mins.
‘e driver-1 | Coa} Cft.
il Cool}2578

8-4 " Cft.

‘asies-14 b-

ns-8 'bags

enter-1

hdars-3 i

[ S—
|
i
1§
!
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Appendix IV—(Contd.)

_jurs, materials and macligth-—53 ft)

Labour. S | .
2% | Average
el EE i
Skilled orials. 22 R
. o Rit.
&° ’ _
Mixer driver - 1 | Asst. te- 930 Cft. 2.83 mins,
Crane ,, -1 Coalm:t - 465 ,, . &
Masons - 3| Coolies - 185 g
Mates -4 bags. '
Khalasies -12 . E
[ Yoy
[-*)
& v
Mixer drivers - 2 | Asst. te -1580Cft. & |10.3 mins. "
Crane ,, - 1] Coalmt - 800 ,, =
Masons - 3 | Coolies - 315 z
Mates -5 bags £
-

Khalasies -10
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. RESEARCH PUBLICATIONS
* USE OF STABILIZED SOIL IN ENGINEERING
CONSTRUCTION ‘ -

"\
T Section V. .

“.,
we o "

A, Thermal Eﬁmﬂoﬂ of Compacted Soils.
B. Thermal Conductivity of Compacted Soils.
By S. R. Mzara & H. L. UPPAL.

~ SoiL RusmarcH LaBORATORY, KARNAL . - -

i Posr::ids expand when heated, 8 phenomenon which plays an
1t role in all practical engineering.. o
mbg:ﬂ:‘ the object of studyling from all angles the use o

%ndy d soil in engineering construction, experiments wepe

v n"’*od to see -how s compacted soil mass behaves under
@8 of temperature. © @@ 0 -

m, 1B foyur types of soil used in the experiment are described

" Tablo 1,

¥

Table 1
Analysis of Soils used in the Study
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Soil sticks were cast about 15 inches long and % inch in
diameter. The casting of soil sticks of so small a diameter
Freqqpted some difficulty because shrinkage on drying was not
arfe enough to enable the dry soil stick to be pushed out of the
oylindrical mould without damage. The difficulty was, JoWever,

overcome by forming the metallic tube in three equal/segments §

tightly taped together during compaction of tiie” soil. After
compaction, the tape was unwound and the three segments of the
tube carefully pulled away from the soil sticks, which were then
allowed :to dry. The compaction was effected with an iron rod
}-inch diameter and uniformity of compaction was maintained
by compacting about 2 inches depth at a time.

APPARATUS FOR MEASURING LINEAR SHRINKAGE

25 5Phe soil stick prepared as above was dried in the oven
to constant weight. ‘To measure linear shrinkage the soil stick
 was placed vertically in a brass tube provided with.a jacket
{pounid it for circulation of a liquid at different temperatures,
‘44" ensure vertical movement of the loosely fitting soil stick
T¥ithin its brass tube, the ends of the soil sticks were fitted with
ebonite caps. .

bulifior eléctrical connections the top end of the tube was fitted
with a flat top pin to the side of which was soldered an electric
wire connected to a spherometer. The detailed connections are
given in Diagram 1 and also shown in:Photo 1. Since a thermo-
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couple was not available the exact temperature of the soil stick

_ could not be recorded. This was, however, determined indirectly

by fitting a thermometer in the middle of the siick and finding
out the time after which the temperature of the stick was the
same es that of the liquid cireulating in the jacket. It was
observed that the compacted soil stick attained the same
temperatitie -wsthe circulating liquid in about 20 minutes. In
actual experiment, the expansion was recorded after the liquid
had been in circulation for 30 minutes at a definite temperature.

Photo 1.
Apparatus for measuring linear expansion.

. . i ‘ith different soils is given in
The linear expansion attained witl :

Table 2 and reproduced in Fig. 1.

able 2 that the rate of expansien was

ill : » from T oo
It will appear degree of temperature. that is. its

constant and independent of
expansion was uniform.

e density, the sandy loam

i » that, for the sam
It will also appear th and the silty clay loam

soils had the highest thermal expa-nsion
had the lowest.
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Table 8

Thermal expansion of soil a$ different densities

-

Co-efficient of Thermal Eﬂmvsion

%‘;i.l Density of the sticks e p n?{(:ag_réeLf'
3 Loxtin deg. F
1 . 1m 4.30 X 10~¢
1.80 4.80% 10-¢
i.88 5.10%10~¢
9 1.69 4.20 x 10~¢
; 1.76 4.55x10~¢
1.80 4.64 x 10~¢
8 1.80 3.54x10"¢
1.88 4,40 10-¢
1.96 5.14 %10~
4 .. 1,80 4.30 % 10~
1.90 4.64 x 10~e
200 5.82x 10~

It will appear that the thermal expansion of thege soils
increased as the density increases and this may be true of all
soils, '

.CEMENT SOIL MIXTURES

It has been shown in the earlier parts of these notes that an
addition of cement to soil increased the water resisting qualities
of the resultant mass. With the object of finding the effect of the
addition of cement to a soil on its thermal expansion, all the four
types of soils in Table 1 were compacted into sticks with an
inoreasing percentage of cement. The sticks were oured for a
week under wet sand and then allowed to dry in the shade before

they were finally dried in an oven. The results obtained are
given in Table 4. snd reproduced in Fig, 8.
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Table 4

Effect of increasing concentration of cement
on the thermal expansion of soils o
Uossiticient of
Thermal expansion

i L
. ) Increase in | Original
Soil |Feroent-ine qi. length of | lenggth of

age of A h
e comans | 8k g k| P
it woXtdegF
1 0 180 279x10-0 32 mm.  481x10-¢ .
25 181 287x10-® 324 4.91x 13~¢
50 181 205x10-* 322 5.08 10~
75 180 305x10" 324 |, 5.22 % 10~
100 180 317x10-* 324 5.43 x 10-¢
2 0 180 269x10-% 325 mm.  4.60x]0-6
2.5 180 206x10~* 322 5.01 x 10~
50 1.80 302x10-® 322 5.20 x 108
7.6 180 38x10-* 321 5.42 x 10-8
100 180 326x10- 321 5.61 x 10~
3 0’ 1.80 204x10-*  320;mm. 354y o-s
25 180 s2u4x10v 3% 5.50 % 10~
/50 180 340x10-* 323 5.83 x 10~*
7.5  1.80 360x10~* 324 5.98 x 10~
100 180 362x10~* 325 8.18 x 10~
4 0 180 206X10°®  3%2mm.  4.30x0-s
25 180 270x10-% 324 4.62x 10-¢
5.0 180 276x107* 321 475 10-¢
. 76 1.80 284x10-® 325 |, 4.85 x 10-¢
:.‘_,,1:@(0.,.‘_";;80.‘ .29§x 078328, 5.07x10-
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It will appear from Table 4 that, for the same density, the
thermal expansion increased as the quantity of cement increased.
The increase in thermal expansion with increasing percentage of
cement was more rapid in the case of silty clay loam soils than

for any other soil.

- For the same percontage of cement in a soil, it is sometimes
necessary to.compact the mass to increasing densities, depending
upon the strength required of the structure in which the soil is to
be used. It was therefore essential to know the corresponding
change in thermal expansion when a certain cement-soil mixture
was compacted to increasing densities. The results of tests con-
ducted with all the four types of soils with increasing densities
are given in Table 5, and reproduced in Fig. 4.

It will appear that, for the same cqncentration of cement, the
thermal expansion of a cement-soil mixture increased with the

density.

arison of the Tables of thermal expansion (Table 4)
that the thermal expansion, for a temperature range
0 degrees F. (the maximum range which is
generally experienced in tropical countries) was less than the resul-
tant shrinkage produced on drying. It may, therefore, be safely
assumed thatfor a cement goil mixture of the type tested, the ther-
mal expansion would be taken up by the gaps caused at the joints
as & result of shrinkage on drying and therefore, beyond the pro-
vison of shrinkage joints, no _provision for thermal expansion

would be necessary.

By comp
it will be seen
of about 100 to 12

CONDUCTIVITY

ne of the important requirements of a material for building
consguection is thaﬁ, it should allow as little hqat to pass thml}gh
it ap possible. This is all the more important in tropical countries,
where the thickness of the wall has sometimes to be increased to
reduce the passage of heat. The conductivity of different soils,
tested and the results are

. the Stl\ld ’ was
which were selected for y f soil were compacted st

i i 6. All the four typeso > 01
g:’:?&&rxln'rxzs}:ture £1.7 to 1.8, which is generally

to a density of 1 ‘ ral
required for all round stability, and their thermal conductivity
was determined by the

Searle’s method.* The results of the con-
duoctivity tests are given in Table 6 in B.T.U. per hour square foot
per inch per degree ¥. It-apPp

ears that there was no appreciable
difference in conductivity of different soils when compacted to the
same density.

vity by @. F. C. Searle. Osvendish

® Mothod of determination of conduoti
Laboratory, Osmbridge.
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Table 6
Thermal Conductivity of Soils at 90° C.
Soi:l No. Density Thermal Conductivity in’ B.T.U
1 180 3112 calorios
2 1-80 3070 "
3 1-80 3-000 "
4 1:80 3:300

; e ) .

‘ Sinee the loam soil was generally recommended for construc-
‘tion gn account of its all round superiority over the other goils,
the effeot of inoreasing density on the conductivity of this soil was

é%arri%d out and the results are given in Table 7 and reproduced in
Fig. 5.

T

;- -1t will appear from Table 7 that the conductivity of & com-
gpact.ed SOIl-lncreafsed a8 the density increased and, therefore, from
tthe insulation point of view, a low density should be preferred,

‘provided other structural properties at that density are not materi-
ally affected. |

Tt will be interesting to know how thermal conduotivity of
various building materials compares with that of compacted soil.
The figures collected are given in Table 8.

Table 7
Thermal Conductivity at 90° C. of loam soil with

; .
! increasing density

;

‘gample No.|  Density l Thermal Conductivity in B.T.U.
: 1-60 280 calories

L 172 32,

; 8 1-80 3.30 .

' 1°90 3-60 .

‘ 5 200 400

>
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Table 8

h 1 Conductivity of Different Building Materials
Therma

Thermsl Conductivity

3 i b ‘ in B.TU
Seri No Ma.ten&l Tempera lllEl
e B . _,/‘,,_,_’»',,..,ﬂ,.. -

Brick 90° C o
2 Concrete 90° C vs
3 Soil 90° C

duc-
ble that the thermal condt
ar fron ?eazggxpffedewit.h that of other building
fairly lo

It will appe
tivity of soils 18
materials such a8 00
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SUMMARY RHSE

It has been shown that the thermal expansiuwn af iaed. : \
and also of certain cement-soil mixtures irfcrl;:is?:i :: d:;:g“ﬁg,f,ﬁll'
increased and, for the same density, the thermal eg 'og
increased as the concentration of cement increased in the"&‘m.?:lit-
soil mixture. It has also been shown that the use of certain stabi
lized soils in engineering construction can be justified x*;lts abj-
because the structural qualities like compression strength o;ﬂy
are suitable but also because of their better thermal insu,la:io;;

properties. P

II. USE OF STABILIZED SOIL IN ENGINEERING
CONSTRUCTION

Section VI—Adhesion of Plasters on Stabilized Soil Walls
) By S.R. ME"RrA, H.L. UprPan & Lapuar Rav
So1L RESEARCH LaBoraTory, Karvwai.,

The outer surface of the walls of a building built with
stabilized soil is generally finished by giving it a coat of plaster.
This gives it a smooth finish basides providing an inereased
protection from damage by rain. Experiments were thereforc
made to study the adhesion of different plastaes applied to stabilized
soil surfaces and the vesults are given below,

Ntabilized soil wally were divided into two classes for the
purpose of this stady.

1. Stabihlized soil walls containing cement.

2. Stabhilized soil walls without cement.

"ADHESION OF PLASTER ON A STABILIZED
WALL CONTAINING CEMENT

1t has been shown in previous articles of this series that an
addition of 2.5 per cent of cement to certain soils increased the
water resisting quality of the resultant mass, _Experiments were
therefore carried out to examinc 'th.o adl_m.uon of cement-sand
plaster to stahilized soil wallx containing 2.5 per cent cement.

A loam soil, a detailed a,nal_\,’sis'of wl'xich has alread}_' been
given in an earlier publication of .t}_us series, was used in this
study for making specimens of stabilized sox} walls, because of the
general superiority of toam over the .other soils tested. A numbgr
of blocks were made by compacting 290 gm. of cement-soil
mixture at optimum moisture toa density of 1.9 to 2.0. These
were cured for seven days under wet sand, zmd' then allowed to
dry in the shade. These blocks represented specimens of the wall.
Two such blocks were joined t‘og‘cthcr' by interposing a la).'or
: ent-sand about § in. in thickness, thereby provid-
ween the two blocks. The blocks
and then dried in the shade
50 deg. (.

of plaster of cem
ing a sandwich of the plaster het
thus joined were cured for a week
hefore finally drying them in anoven at

i he s i + to the blocks

The adhesion of the sandwiched plaster
wus té:tecl‘l‘ l?y pulling the blocks apart. Thls. was eﬁected
by attaching » clamp to each block, and pouring sand into a
bucket hung from the lower clamp. till the blocks were pulled
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PhoT 1.
Apparatus for measuring adhesive strength of plaster,

apart, The arrangement used for the test is shown in' Photograph
I. The weight of the bucket and the sand in it was recorded, and
the pull per unit area was caleulated.  The tests were l‘OI)Z‘zlt'-(l
with plasters containing different proportions of eccmont. The
results are given in Table 1.
Table 1

Adhesion of plaster with varying concentration of cement

when applied to cement-soil compacted block (Density =1.9) with-

out cement wash.

Cement sand Adhesive strength

ratio in Ib per sq. in. Remarks.

plaster.  Average of three tests
1:3 7.0 Analysis of sand nsed in
L:4 -4 the plaster
1:5 5.1 Parging 40 mesh
16 43 (U.8, Standard) = 97.07
- 2.9 per cent,
, ~D0.--200 mesh~Do. -~

primary coat of cement wash.

Reawrr¥zeb SorL v E/kcmnnnn'm 48

o 0T uippesrd! frotA Table 1 tHat the adhesion o e
-blb'ﬂk!*inﬁi?ﬁﬁﬁ_d’;as’thé’ﬁt‘_x‘pﬁjﬁit‘y“‘cjf cement in the pfal;i::t?r:cr?asgé?
Igﬂﬂﬁﬂ;ﬂ?@pﬁat‘ that 4 coticentration of cement higher than’ 1:5
did not \r-nq.'germlly add to the adhesion. It was noticed that even
; mim adhesion : attained was not sufficient to warrant the
M’O&ﬂh“ kind of plaster in outdoor work: Compared to the
mdlhesion of 1:5 cement sand plaster to burnt brick, which is about
»ls,Jp. per 8q. inch, this adhesion of 5 1b was oonsid;ared too low. -
TACK COATS oL
In an effortto provide a tack coat, different tre nts] suel
a8 lime wash, surkhi wash, and soda silicate ws:tlnmggt:!;r;‘il::
concentrations were tried on the blocks before applying a plaster
of cement-sand. It was, found that none of the treatments
increased the adhesion ~materially.  Then the effect’ ' of &
cement wash was tried.. A ‘concentration of 1:3 céement-
water slurry was applied before applying the usual plaster and the
adhesion with cement-sand plaster containing increasing percen-
tage of cement was studied.' The results are given in ‘Table 8. -
For want of adequate equipment, the tests could not be. carried to
ultimate failure and therefore the figures for adhesion:in some
cases are given as beyond a certain limit. Adhesion was, how-
ever, tested separately for these blocks and it was found that it

‘was of the order of 35 to 45 1b per square inch.

Table 2

Adhesion of plaster with varying concentration of cement ihen
applied to cement-soil compacted block (Density=1.9) with a

‘Cement sand ratio Adhesive strength 1b per &q. inch
in plaster Average of three tests
1:3 Beyond 20 1b
1:4 L, 20,
1:85 " 20 ,,
1:6 ' 20 ,,
B BT 14.7,,
o 1:10 10 ,, .

.10 2-2 = 88 per cht.
' ——— = vefore plastering: ' -

By a comppatison of the results given in Tables 1 and 2, it will
sppear that thg-adhesion of cement-sand  plaster over stabilized
soil walls cont Ing 2.5 per oent cement’ creased tremendously
when & tack vgt of cement wash was applied to the surfaces

Sk
s a A e

12

]
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Sinoce & cement wash was found to: increase the .adhesion of

she plaster, different concentrations of cement, varying between
1:10 to 1:2 in the wash, were tried under a 1:5 cement-sand
plaster. .
A 1:5 cement-sand plaster was alone experimented ® with,
because, together with high adhesion, it has a sufficiently hard
surface, and is not unreasonably expersive. It waa observed
that the concentration of the cement wash did not make any
difference, so long as the wash covered the entire surface and set
properly. It may be pointed out thet in the case of very rich
mixtures of cement ar}d sand in plageer, a §mall quantity of
cement goes in suspension g.nd automatically gives a cement wash
which improves the adhesion.

EFFECT OF WEATHERING ON ADHESION OF PLASTER

Effect of wetting and drying on the adhesion of ecement-sand
plaster to stabilized soil walls containing 2.5 per cent cement was
then tried. The joined blocks were subjected to an increasing nam-
Ber bf ‘wetting and drying oyoles. The adhesion at the end of 26

oles was determined and it was noticed that the adhesion re-
mained unsfiected. For want of proper apparatus the actual
figures could not be determined.

It is to be pointed out that the adhesion of plaster will de-
pend upon the density or the firmness of the surface of the wall
on which itis applied. If the wall has a low density, then the
.plaster, during its shrinkage, will peel off bringing with it & part
of the loosely compacted surface of the soil wall.

To find the minimum density required for a reasonably good
-adhesion of piaster, blocks with increasing densities were made,
and joined together with 1: 4 cement-sand plaster and tested for
adbesion in the manner already described. The resuits obtained
are given in Table 3.

Table 3

Adhesion of 1:4 cement-sand plaster applied to 2.5 per cent
cement soil block, compacted to different densities
with a primary coat of cement wash. :

|
Soil .+ Density Adhesive strength Ib per sq. inch
Loam 14 Block gave way while fitting

. 1.5 3.3
1.6 5.4
1.7 9.3

' 1.8 18.51b .

19 . Beyond 23 ,, e

StapiLizED SolL IN ENGINEERING 487

It will appear from Table 3 that a cement 8oil mass has to be
compacted to a density of at least 1.8 for successful adhesion of
plaster. The process of applying plasters as discussed in the fore-
going pages has been successfully employed in the construetion
of 4,000 stabilized cement soil houses.

ADHESION OF PLASTER TO STABILIZED SOIL
WALLS CONTAINING NO CEMENT

The construction of cement soil walls finished with a subse-
quent plaster is rather costly in villages where houses are mostly
constructed with local soil only. To protect such houses from
rain, a plaster consisting of clayey soil and chaffed straw is usual-
li kept soaked for a number of days, with frequent mixing, and
then applied on a wall. It is sometimes finished with a soil mixed
with cow dung, locally called ‘‘gobri leeping”. 1t has been
experienced that the plaster not only peels qﬁ but also gets was!:ed
away during rains and has to be re-applied frequently. Trials
were made to obtain & more stable plaster. This was tried by
mixing with a loam soil (Soil No. 4 of Table 5) increasing percen-
tages of cement. The plaster was applied to compacted loam soil
blocks. The results for adhesion with increasing percentages of
cement are given in Table 4. Since cement wash was found quite
successful in increasing the adhesion of cement-sand plaster, it
was also considered worthwhile to try the effect (on the adhesitn
of cement mud plaster) of giving a prior coat of cement wash on
the wall. The results are given in Table 4.

Table 4

Adhkesion of cement soil plaster applied to loam soil blocks
with increasing concentrations of cement in the plaster.

Percentage |Adhesive strength; Adhesive strength
Soil cement in the | without cement | with cement wash

cement plaster |wash 1b/sq. inch. 1b/sq. inch
Loam 5.0 3.2 1027 Average
' 10.0 5.0 11.8 § -of four -

15.0 7.0 13.8 ] tests

o6 L

.+ T4 will appear from the above .that adhesion inoressed as a
vesult: of cemment. wash. .. Similer results as in. Table 4. were also
obisined by, giving & thin ceat of cement-soil slurry before plaster-
ing; The objeet ia to-get & firm suriace beforeapplying the plaater.
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CEMENT-SAND PLASTER

. It .was noticed that when a cement-soil is used for plasters,
» number of hair cracks developed. These were then covered by
another thin coat. This cracking in the final surface was avoided
at places where good sand was locally available, by using a
cement-sand. plaster. Adhesion of 1 : 5 ement-sand plaster was
tried on blocks compacted with loam soil, and tlie results obtain-
ed were of the order of 10 to 12 1bs persq. inch. The adhesion also
inoreased as in other cases by giving a coat of cement wagh,

‘

‘When the plastered blocks mentioned in the Preceding pages
were subjected to rise of moisture through capillarity, it was
noticed that the plaster was showing signs of separating out and,
therefore, could not be safely relied upon to have long life. The
reasoh was that the surface of the plaster being pervious to water
the moisture penetrated down to the surface of the blocks and
softened it considerably. During drying the soil surface shrank
vonsiderably and the plaster got detached from the block. Fre-
quent repetition of the process resulted in the plaster breaking
loose from the wall. It is, therefore, essential that the surface of
the wall to which plaster is to be applied should remain hard in
the presence of water and this is not possible in the case of ordi-
nary compacted soil walls. The only alternative is to prevent the
moisture penetrating through the plaster, and to this end the
plaster should not only be non-erodable but also be impervious to
water.

WATER-PROOFING PLASTER

Attempts were therefore made to water-proof the plaster by
mixing & number of materials, like rosin dissolved in alcohoi
calcium stearate mixed finely with ocement, shell primer No. 3
and Snowcem, a patented cement pigment compound. Though
satisfactory results were obtained with Snowcem it was found that
the cost was high and incompatible with the principle of low cost
construction.

It was therefore considered that the final solution lay in
water-proofing the skin of the compacted wall. After u number
of experiments with oils, sodium silicate, and metallic soaps, the
following process of primer treatment was finally adopted.

Proposed Method

A:soil wall is to be compacted to a density of 18 at ]
" should then be allowed to dry and the loose ch,)il pa.rtict:ie1561,:18':;1'13116’11';i
. Cold penetration bituminous material No. 3 warmed to about
80-deg: O. is %o be spread over the wall by means. of & spray
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pump, at the rate of 10 1b per 160.8¢. ft. This is to be allowed
to penetrate the skin for about 2 to 3 days. When the bituminous
material has penetrated and the surface is dry and reasonably
hard, a solution of 40 per‘cent -sodium silicate (63°B¢) in water is
to be epread over the treated surface by means of a spray pump.
It is to be allowed to dry for a couple of hours wheén the surface
will be ready for a lime wash.

Experiments carried out on a field scale showed that it was
advisable to give a wash with a mixture of 1:5 cement-lime, which
set much better and protected the primed surface more thoroughly
than if lime alone were used. ‘

A small length of wall prepared according to the method des-
cribed above was subjected to & continuous spray of water at a
velocity of about 10 feet per second for 72 hours. It was observed
that no moisture travelled through the treated surface.

ADHESION OF MORTAR TO CEMENT SOIL
BLOCK MASONRY

Aﬁother case where adhesion plays an ilnportant pa.i',t in
building work is the laying of cement soil blocks with mortar for

wall construction.

Since a soil mortar without cement is likely to get washed
out by rain in unplastered block masonry, cement was added to
the soil mortar in different propertions. To find out how far the
nature of the soil affected the adhesion, four different soils, the
physical characteristics of which are given in Table 5, were
seleoted for the study. The results obtained for adhesion with
increasing percentages of cement are also given in Table 6. A
working consistency of cement-soil mortar could be obtained with

30 to 35 per cent moisture.

Table 5
Analysis of soils selected for the study.

Qe ‘ Liquid Plasticity Sand content -
N 8011 No. llmit “index pereenta.'g_e‘-- _
' vl. - - 272 80 380 - -
g ar5 8T 189
3 348 ~ 148 840 .
4 956 96 371t
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Table 6

Adhesion of different soil mortars with increasing
peroentages of cement.

Adhesive strength | Adhesive strength

Ib per sq. inch 1b per sq. inch
without cement wash' with cement wash

Soil Percentage
No. of cement

Average of Three Tests

1 50 10 5.9
76 22 10-2

100 3:0 110

2 50 13 81
75 28 9-2

100 3.3 13.3

3 50 08 79
75 18 80

100 36 S0

4 50 2-4 126
75 2:8 129

10-0 46 133

Sand 50 12 31
75 22 74

10-0 34 10.1

It will appear from Table 8 that an addition up to 75
per cent of cement to soil had no effect on the adhesion of mortar
to soil block masonry. Even when the concentration of cement
was raised to 10 per cent there was no appreciable improvement
in adhesion. Further experiments were therefore carried out to
improve the adhesion by giving & coat of cement wash to the
sides of the blocks before applying cement soil mortar. The re-
sults obtained for adhesion are included in Table ¢. It will
appesr that the adhesion after giving a cement wash increased
almost 6 to 6 times of the adhesion without cement wash, when 5
and 7'6 per cent cement was used, and about 3 time- '
centration of 10 per cent cement, as compared to
adhesion without a cement wash. '
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It can therefore be concluded that a mixture of 1 : 10 cement-
sand or cement-soil can safely he used as a strong mortar in case
of wsoil block masonry containing 2'5 per cent cement, when
applied after giving a cement wash to the blocks. If sand is
locally available, cement-sand mortar should be preferred to
cement-s0il on account of its low shrinkage.

SUMMARY

It is shown that the adhesion of cement-sand plasters to
stabilized soil walls containing 25 per cent cement was greatly
improved by giving a cement wash, so much so that the adhesion
was twice as much as that between burnt bricks and 1:5 cement-
sand plaster. It is also shown that a stabilized soil wall can be

made fully resistant to water with a coat of cold penetration bitu-
minous material followed hy a spray of sodium silicate and a |
cement wash, ‘ ‘ € and & lime-
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"I WATER-PROOFING OF ALKALINE SOILS BY
- LINSEED OIL-CAKE o
By |

B. R. SE}N & MANOHAR LarL,
P. W. D. RESEARCH STATION, LUCKNOW

S 1. INTRODUCTION

. 11. 1Inroad construction it is essenti
grades of fine-grained soils should be slzzlgllet};h !

stability should be subsequently maintained Ite_n laid and this
that the stability of a road subgrade depends' to a is well known
ité ‘moisture content. Hence it is desirable tliatarge extent on
content of subg.rades should remain throughout the }if o olkture
88 near as possible to the appropriate moisture cont, g OF the road
the time of construction. ntent adopted at

at, bages aﬁd sub-

1.2. Oneof the principal ways in i
content can occur in the sgbgrad)é i8 bv;rhg;};)icll;:n
water table. Recently several road failures arisinr
have occurred in the Meerut and Bulandshahar Distrj
Pradesh State. In England a method has been élcts of Uttar
limiting anq rgtardmg the increase of moisture conte te Yeloped of
grade by mixing water-proofing agents with soil nc'lln the gub-
reported the water-proofing action of vinsol resin wi ve () ha
acid soils. The present note describes some la,borlegl used wit,
meqts on the wgter-prooﬁng of alkaline soils by mea‘& ory eXxperi-
While it is possuble‘ to water-proof such soils by the ns of oil-cgke.
soaps, theu’ use might not be economical, The wuse of anionje
heg’em is of an exploratory nature and was under();k described
suxta.tgle means of water-proofing alkaline soils ch, ‘1 &lfen to find
the wide occurrence of such soils in Uttar Pradesﬁap Yo view of

ges in moisture
Y rise from the
g from this cause

2. THE SOIL

2.1. The soil for the experime
Luckpow Pistriot. It was fouxipd to l:let;o,:;astgonect.ed from the
Classification adopted in the U.8.A. Public Roadglxup A-4 of the
and contained silty-clay materials, more than 35 dministration
No. 200 sieve. Per cent pasging

(1) Olare, K. E., Journal of the SOcie;;
08, page 6976,

—
—

of Chemicql Industry—lm
h
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Giroup A-4 has the following characteristics : ()

Sieve Analysis Per cent passing No. 200 .. 36 min.

(‘haracteristics of fraction passing No. 4

Liquid limit 40 max.
Plasticity index 10 max.
(iroup Index () 8 max.

Usual Types of Significant Constituent
Materinls

Silty Soils,

General Rating as Subgrade Fair to Poor.

The sample was dried, powdered and passed through a 2 mm
sieve hefore the various water absorption tests were carried out.
Particle size analysis, plasticity (*) and compaction (%) charateris-
ties were determined and ave given in Table 1.

v 2) Seo Procoedings of tho Highway Rosearch Board—1946, page 377,

(3)  Group Index calculatod by the formulo:
Groap Indox =0.2a--0.005n0 -+ 0.01 hd,

In|which

0.200 sieve yreater than 85 and

" a="That portion of porcentuye passing N
A r L4 ; umber (1 to 40),

\ ot exceodine 75, expressed a positive whole n

«o passing Ne. 200 sieve greater thau

h=That portion of perceuta
ding 55 per cent expressed a3 a positire

' 15 per cent and not oxcoc
whole number (1 to 40).

merica) liguid limit groator than 40 aud nor

¢ = That portion of tho nu
d a8 a positive whole nnmber 11020.

oxceeding 60, expresse

A== That portion of the numerical plasticity index greater than 10 and
pot exceoding 30, oxprossed as u positive whole sumber (1 to 205,

tative method  of Tost for Moisture — Density Re'atiins of Suilx,
A.S.T.M. Designation: D 608—42 TP, 1180—82 Part 3, 1044

Edition of A.8.T M, Standards,

(& Ten

) - Standard methods of Test for Liquid Limit, Plastic Limit avd
Plastioity Index of Boils A.8 T.M. Designatirn: D 423-39
and D 424-39 P. 1168-67, A.R.TM, Rtandards Part 3, 1940,

v



494 Sen & Laan ox

Table 1

Partiele Size Analysis.

(‘oarse sand (2.00 mm ~ 0.2 mm) O per eent.
Fine sand (0.2 mm~0.02 mm) 57 per cent’,
Nilt (0.02 mm -~ 002 mm) 22 per ceént,
Clay (0.002 mm) 16 per cont.
Plasticity Tests.
Liquid Jimit 23
Plastic Tiimit 15
Plasticity Index 8
Public Road Administration Classifieation A4

(ompaction Test.

Optimum moisture conlent -—— per cont .., 15
Maximum Dry Density b per cu. ft 120
-~ pH 8.1

i

3. WATER PROOFING AGENT

3.1. Various oil sced cakes wore studiod hut partionlar
attention was given to linseed cake. The cake usod was ohtained

after the extraction of oil hy an oil expeller and wax found to
have the following composition :

Moisture 10.5 por cant
0il T4
Albuminoids . 31.0 .

* 7 (Jarbohydrates 36.5 )
Fibre 10.5 )
Mineral Matter 41 ”

100.00

4. CAPILLARY WATER ABSORPTION TEST

4.1. The Standard Compaction Test wag )
sample and the same test was ropeated aftor nrlr:i?xf (;\{ the soil
cake content in the middle range, i.c., 2.5 per con e 5 he Tinseed
used in the investigation was only upto 5 per Cer;t %e 'stu,blllze,.
one for the treated and the other for the unty. . Two curves,

! ¢ oat i i
showing dry densities at standard compactio ed 0il, were drawn

. n wi i
tion of moisture. (Fig.1). A 10 per cent Ail_lg'to(ii&ﬁg::t?‘)‘:orl);;y--
! ‘ ent line

W ATERPROOFING OF ALKALINE DolL

d
150

MoisTure Convent Dy Density RELATIONS
. For NaTuraL Soi. & Soi Contaming
14 0 2°9 percent Linseep o CAKE.

UNTREATED SOw

TREATED SOIL
1209

DRY SO DENSITY~ LBS/CUFT

100
sol. e e . -
S 10 S 20 2% 30
MOISTURE CONTENT PERCENY
FiG. 1.

L3 L antant

s

Photograph 1.
Split Cylindrical Mould,
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was also drawn on the sume figure, This w

e ) o thiy wax necessary for -

w:;elng bthe (i‘ry density and the moisture content; to .qtuld(\lj3 t,te}:

by r absorption of the treated soils, with 10 per cent Air Voi t

The co-ordinates of the point at which the 10 per cent air ir Voids.

intersected thesrelevant compaction curve Wese n:)(t:d tm;rrmd‘ hm;
. + The nse o

the 10 per cent air content
. rensured a condition in whi »
od s0il absorbed Water. g wdition in which the natreat-

4.2, Specimens in duplicate v
Cylindrical Mould, sho\v'nfll};::cif}tnl()t(:‘ ;*rc
nql volume (3 inches long & 2 inch‘cﬁ
mined weight of soil with nppropri.il:’ﬁe
::xsulrs bl(l per cent air voids after

ould betw
e s?ﬂl Zﬁt;ntt))‘{) t;'nd bot‘tomh plungers which were.then press-
means n spo g‘ ction machine shown in Photo 2. By thix
n of the required dry density was obtained,

then made iy the Split
. which had a known inter-
- diameter). A predeter-
moisture content. so as to
compaction, was placed in the

Photograph 2.
Compaction Machine for Making Specimens,
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4.3, The specimens under test were then keptina moist closet,
having 90-95 per cent humidity, for three days for curing in order
to develop properly the requisite film at the air-water interfaces
which is believed to be the probable cause of the waterproofing of
soil. (It is proposed to discuss this aspeet of the problem in a sub-
sequent note). The specimens were then subjected to the Capillary
Water Absorption Test. (¢). The curved surfaces of the specimens
were coated with parafin wax and they were weighed and stood in
abont 2 mm depth of water in a tank fitted W ith a constant water
level device, as shown in Photo 3. The amount of water absorbed
was determined by weighing the specimens after 1. 3, 7. and

‘14:days.

Photograph 8.
Water Absorption Tank with Constant Level Device.

44, Since the speeimeny were made up to a contant volume
(154 cc) and had a fixed wir void contents (10 per cent), it followed
that the volume of the air voids was 134 ce. This was also the
volume of water requiredmperaturate cach specimen, if #Was assu-
med that water entored all the air voids and that no swelling took

6) Repurt on tests for suil stabilization by the Soil Stabilizaticn Pane! of tho
Institute nt Yetroleum J. Institute. Potrol, 1944 30:2b61. 32/.48.
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e ' ) - > " PR : : ¥ 0
pl_abc‘ The volume ul.Lm voids left unfilled at the end of the test
was used as o criterion by which the efficionev of the water

proofing agent was tested.

-

5. WATER PROOFING PROPERTY
OF LINSEED GAKE

5.1 The soil under test was treated with varving veree ;
of powdcred linseed cake,specimens prepared, andlf‘al,l;ix}){;’]l)zgl}bi-gw
tvg.sts performed, as deseribed in para 4.3, The results are ;hol\p lon
Fig. 2. 1t can be seen that the water absorption of the suil‘d VI} IP
ed with the increase in the quuntity of linseed cako uslcd t?lclr(;::a‘ﬁ

, ‘.

jer cent it became fairly const: »
I cume fairly constant (Fig. 2). The dotted horizontal

GRAMS 97

MaTer Aasorvrion By GrourA4Soi SeeciMens
Contaimne Various Peacentaces or Linseep

e
QOu - Cake,

VOLUME ©F SPECIMEN 154 C.C.
AR VOIDS VO PERCENT.

- — e
'= — e e - -
5 WATER ABSORPYION FOR
g SATURATION. 154 GRAMS .
@ 24
«
o
w
%
3,
T4 DAVS
4
7 Cave
. 3 DAY
-———-——:— _____ ~5~_~__F—*-ﬁ_‘“_ﬁ_ 1 DAY
PERCENTAGE OF LINSEED O C:KE ’
FiG 2
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line i Fig. 2 indicates the amoutd of water required 1o fill the air
voids in the specimens, calenlated with the assumption that no
swelling oceured during the absorption process,

5.2, Untreated soil specimens tested in the laboratory absorbed
< 18 grams of water in one day, 20 gramx in three dayvs and 24
grams in seven days, whereas gpecimens treated with thiree per cont
linseed oil-cake absorbed only 2 grams, 2.5 grams and 3 grams in
one, three and seven days respeetively.  The results given in Fig. 2
show that the ability of the soil to absorh water wax not completely
inhibited Dy the treatment, hut that che rate at which ahsorption
peenrred was eonsiderably 1edueed

Photagraph 4.

Untreated Soil Block (extreme right* shows swellin3 and
breaking of the wax coating whereas the Soil Block Treatrd
with 39 Linseed Cake (extreme left) shows no swelling

6. CONCLUSIONS

that it should he possible to

6.1. The experimonts showed _
jsture into a subgrade canused

veduee'for- a’ time the ingress of mo
by a rise in the water-table,
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6.2. Under laboratory conditions, 3 per cent of linseed cake
by weight added to a fine-grained soil imparted for all praotical

purposes the maximum degree of water proofing to an alkaline soil.
(Photo 4).

6.3. The addition of 2.5 per cent of linsced cake to fine grained
soil reduced the maximum dry soil density obtainable under stan-
dard compaction by 5 Ib per cu. ft. The optimum moisture content
increased by 1 per cent above thatof the untreated soil (Fig.1).

Further study on this subject is in progress and will be published
later on.
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SYNOPSIS

In the Indian Roads Congress Journal Vol, XII—4 a note on yvoad
rollers, with particular reference to steam road rollers, was published. This
it & similar note dealing with diesel road rollers made in India, 1t refers
to the previous ertio’e for common features and deals o:g with the special
features: of the diesel roller. The specifientions to whi the rollors have
been manufaotured are included, s well as lubrioation charts, plans of tho

4

. ugine amd roller, and Hsts of “do’s *3 and ** don’¢s »,



502

A S SR e

bases, subgrades and most types of
Many types of road rollers A
kinds of materials and condj
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171, INTRODUCTORY

1.1. Road Rollers are -u'sed fbr

OOHgo]idating embankments,
wearing coats and surfacings.

}01'3,\'(\, been designed to suit different
lons of work e.g., the hand or bullock

drawn. Cylindrical .
l{i?‘z%é h ylindrical Roller, the Sheeps foot Roller, Wheeled

-Tyréd Roller, the Three Whee

and so on. , The various¢
have been described briefly on
Journal Vol. XII — 4, while

led Roller (Steam or Diesel)

ypes of road rollers and thej i
eir functions
pages 108 and 109 of the nI.R.C-

(steam) has been dealt with at considerable len

gth. The present

arti(?fe ﬁpafs with the Three Wheeled (Diesel) Road Roller

,12 iThe main advanta
and:Diesel rollers are listed below.

a]ilg%,;%h’g difference being mainly in
The Diesel Road Roller.

1. f&gses a fuel which, at pre-
sent, hasto be imported and often
h&.'sl to be carried long distances by
rail. '

2. It is subjeqt to heavier wear
and tear than the steam road
roller because the ongine travels
faster (1000 r.p.m. againgt 200
r.p.m.) and works at higher tem-
peratures ; gear reduction to the
slow speed of the roller is corres-
pondingly greater, resulting in more
gear:wear ; Owing to its design,
the engine parts are rore in num-
ber (seven hundred against a few
score) and less substantial in make
which again makes for shorter life
and -heavier maintenance charges.

The torque characteristics are
not as satisfactory as those of a
bl
IO TS S P L ST
.;33-.‘,. "Thé engine is susceptible to
damage from the dust laden .air
oftelt éntountered in'road: work. - -

-

ges and disadvantages of the Steam

The two types are very mnch
the power unit, |

The Steam Road Rolier.’

1. Tt uses coal or wo
fuel which are indigevrvlo(t)l(:
products. Special road-side
trees are often grown to sup-
ply fuel for these road rollers.

2. Theengine is composed
of & few heavy parts which
move comparatively slowly ;
the gearing is simpler a,nd’
more substantial ; there i no
clutc‘h; no change of gea:r 8
required in ordinary runnin
a:espeed is adjusted by sten,nél{

8 > ; i
Bim ;11:;_‘6 ; and Teverning i

3. Not appreciably affec
ted by dust in the oY affec.

=

DigseL Roap RoLLERs

4. The diesel road roller can be
started up and shut down in a few
minutes and does not consume fuel
when standing temporarily idle on
a job. .It is, therefore, particularly
suitable for black-top road work.

5. It is not so depéndent on
good water as a steam roller and
is not dangerous to work.

6. It is more expensive but,
under present Indian conditions,
less troublesome to overhaul and
can generally be repaired much
guicker than a steam road roller.

1.3. The use to which the three wheel type of road roller

’ 50%.

4. The steam road roller
takes an hour to start up and
cannot be temporarily shut
down.

5. It is dependent on a
good water supply and is
subject to steam hazards.

6. It requires a ¢ boiler
certificate >’ every year which
may entail extensive stripp-
ing. Overhaul takes time.

can be put and its operation and management are described in
detail in Sections 4 and 5 of the note on Steam Road Rollers.:
Those remarks apply equally to the Diesel Roller and should be
carefully studied. That article also includes a note ‘on the com-
paction produced by various types of rollers on clayey gravel

(or hoggin).

2. DESCRIPTION

The Diesel Road Roller

2.1. This type is now m

anufactured in India to a standard

specification drawn up by the Roads Organization of the Ministry

of Transport in consulta

tion with experts from abroad. Similarly

a Steam Road Roller is now being manufactured in India to a

standard specification drawn up by
cases, the rollers can be describe

the same authority. In both

d as GENERAL PURPOSE

rollers since, although only one model of each type is manufac-

tured weighing a little over

9 tons empty, adjustable weight

devices are fitted to each model so that the rolling pressure per

inch width of rim can b
requirements. The ground pr
more important consideration t
as it is the intensity o

e varied to suit different consolidation
essure per inch width of rim is a
han the total weight of the roller,
f pressure which determines the crushing or

vonsolidating effect on the road metal.

2.9. Some of the advantages of having one model only-built

to a standard design for cach type are d

 (8) Quickness and cheapnes
‘one set of jigs only 1s re

(h) Ready interchangeability of p

escribed below :

& of manufacture in India since
quired for each type. = -...c

arts and i reduction in

the stooks of spare parts.
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(c) Simplification of inspection and supervision of repairs
when on the road.

(d) Quicker overhaul and carrying out of major repairs,

(6) Greater facilities for training drivers and greater
opporpunities for drivers and fitters to require skill in
handling and repairing the rollers since only two
models have to be dealt with.

A further advantage of the standardization achieved ix that
the chg.rts for routine adjustments, maintenance, lubrication, and
fuel oil can be standardized. ’

~23. In the Indian-manufactured diesel road roller, the
ground pressure per inch width of the rolls can be varied "from
150 1b to 280 1b on the front rolls and from 350 1b to 470 1b on
the hind rolls by traversing the sliding weight forward or back-
ward as required and by adding detachable weights in set posi-
tions. The variations obtainable are described below :

Ground Pressure in 1b

Position of Ballast weights per inch width of rolls

Front Hind

(a) Sliding weight at rear—no

detachable weights 1680 400
(b) Sliding weight at front—no

detachable weights 240 350
{¢) Sliding weight at front and

detachable weights at rear 240 390
(d) Sliding weight at rear and

detachable weights at front 230 400
(e) Bliding and detachable weights

at rear 150 470
(fy Sliding and detachable weights

at front 280 350

2.4. A one-ton sliding ballast .weight is integral with the

toller and is never removed. It consists of cast i i
Each one is mounted on small cast iron rollers rux:;oig ‘ggl%xlllplso.l
steel axles, the track being inside the main frame chagnnel l113
is essential to keep the track clean and greased so that the
weight can be moved with ease. When engaged on heavy work
H
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the sliding weight must always be at the rear of the roller. The
sliding weight must never be moved when the roller is on &

gradient,.

2:5. Twenty-eight detachable ballast weights, each of‘ $ cwt,
are supplied for use on front or. rear of the roller as required.

96, The following are the leading details of the Indian-

manufactured diesel road roller:

I. ENGINE

Make

Number of cylinders

Diameter of each cylinder
Length of stroke

Revolutions per minute (normal)
Horse Power (at normal R.P.M.)

Grade of Fuel
Consumption of Fuel

Capacity of Fuel Tank

1I. ROLLER
Wheel base

Overall length

Overall height

Front roll diameter

Front roll width (each)

Front roll rim thickness

Rear roll diameter

Rear roll width

Rear roll rim thickness

Total rolling width .
Turning circle minimum radius
Maximum grade roller will olimb
Number of speeds ‘

Ruston & Hornsby Ltd.

4

4% inches.

4% inches.

1,200

36 B. H. P. rated output at
30 inches mercury and

62 deg. F.

High Speed Diesel oil.

Full load 0.44 b, B.H.P. hr.
3 load 0.46 1b/B.H.P./hr.

% load 0.50 1b/B.H.P./hr.
under normal working
conditions.

20 gallons

10 ft 8% in. between axle
centres.

20 ft 3 in. approx.

10 ft 1§ in.

3 ft 11 in.

11t 5 in.

1% in. :

5 ft 3 in. -

1 it 6 in.

14 in.

5 ft 4 in.

19 ft.

1ind

4
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Speed forward, high gear (2 speeds) 4 and 23 m.p.h. on level

. ground.
Speed forward, low gear (2 speeds) 1} and I m.p.h. on level
P ground. '
Speed, reverse . 4 speeds as for forward
movement.

III. WEIGHTS

Weight in working order but without P T

detachable ballast 9 tons 6 cwt fi‘lpproﬂx

Weight in working order with ballast 10 to
n
Ground pressure per inch width of A ~S Approx.
rolls:
Front rolls 150 to 280 1b -

_ B.ea.r rolls 350 to 470 11

3. OPERATION AND MAINTENANCE

- 3.1. Pre-Starting Inspection. Before starti -

inspect it thoroughly and see that all bolts aret:ir;}lllt],g t.Sl'ru 110“3:"
lubrication - chart and instructions (Plate I) and then ca( yf t‘il(\’
grease or.oil all bearings and working parts and see that ”re ully
ting units are free and move easily. all opera-

3.1.1. Fill the radiator with clea '

h slean, soft water. .
must not be u.sed as it forms heavy scale déposits landﬁct}miiwmel
water circulation system. 10kes the

- .-3.1.2. Fill the fuel tank b uring .
F.'lll tI{e’ engine lubricating suilg Ou;)mt% f&fel lfg;(élllgl: & straiwer.
glp-stl(’},k with clean lubricating oil (for temperate clj nark of the
” CY1” or * Dervoil-light " and, for tropical climat lfllatves, shell
Dervo_ﬂ-medn.lm ”” are recommended) and allow t(i?n f i
to find its way into the sump and pockets inside the oh(ztn?{)etglﬂ oil

3.2. Starting a New Roller or '
ing for some time. The cylinder h‘ZES tl‘:::e?aszeen stand-
should be removed and some lubricating oil poured ow e Snine
Ttim's and tappets. Also_ pour about three tea-ser th(; leve
lu é-}ca.tmg oil over the piston through the count Do ul-s o
eading to the air-intake. port on the top of each cyeili'nscilerll*k thIlO
, - head.

Care should be taken not to

: pour more ,
tioned quantity of oil on the ton ofo;ie‘t:)l;asn the above-men-
cause severe damage to the engine, as more oil may

» “CY2” or -
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3.2.1. Remove the crank casc inspection door. Smear the
cylinder walls with lubricating oil by hand and also put some oil
on the moving parts inside the crank case. Take care that no
dirt or anything undesirable (such as a cleaning rag, a tool, ete.)
ix leff inside the crank case. Also observe that all the bolts, nuts
and pins ave intact. Then replace the inspection door.

" 8.9.2. The fuel system must be primed. Open the main cock
on the fuel tank and move the fuel pump cut-out lever to the ruh-
ning position. Unscrew and ease the air vent screws on the top of
the fuel oil filter and fucl pump and retighten them as soon as oil
begins to trickle out without any air bubbles. De-compress the
engine and give a few turns to the flywheel until a creaking sound
of the nozzle inside the cylinder is heard ; if no creaking sound is
heard, disconnect the fuel delivery pipe union on the injector and
give a few more turns to the engine until fuel flows freely out of the
pipe without any air bubbles. Now retighten the union and wait for
the creaking noise as before. Similarly air must be expelled from
the other pump injectors in turn. Do not give the engine more turns
than necessary as excess of oil in the cylinder will cause difficulty in
its starting. Open the drain cocks on the tappet chambers to allow

waste fuel to drain off.

3.3. To Start Engine. Oil should be filled in the rocking
lever lubricating cups and applied on other external moving parts
by menns of an oil can. See that the fuel pump cut-out lever is
placed in the * running’’ position and the de-compressing gear
levers of the engine are lifted. Press the spring plunger of the over

load stop.

3.3.1. See that the starting handle hoss is clean and oiled,
and that the starting handle can be quickly engaged and dis-
engaged into the’ crank shaft end. Give the engine a few sharp
tirns and, while still turning, release the de-compressing gear levers
and continue turning the engine until it starts firing. Immediate-
ly withdraw the starting handle. Note that turning of the engine
slowly will be of no use. A fairly rapid traverse of the compres-
sion period is of vital importance, a8 it stores up sufficient momen-
tum in the flywheel and assists in jerking the engine. When the
engine attains full speed, look to the oil pressure which should be
(Bto 15 b, = 1f it is found correct, put the engine gradually on load,
Never, mn the engine on no-foad or on light load for a loug
period. . C ' Y

34. Starting during cold weather or under adverse condi-
tions. - Cold makes the oil stiffen in the cylinder tightening the
piston and thus . renders starting difficult. The engine should be
given a few turns with the handle after de-compressing it. Remove
the cylinder head cover and pour about three teaspoonfuls of lubri-
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cating oil through the counter sunk holes on the cylinders to the
air inlet ports. Give a few turns to the engine until it revolves
easily, keeping the fuel cut-out lever on the ““off *’ position during
these operations. Now the engine should be started as described
previously. '

3.4.1. Easy starting of the engine is also assisted b
ingtwhich dis (}0“‘]2 by circulating hot water in the wage}')rgo}(l)?iﬁfg
gystem and also by warming the crank case oil b e
heating it, and putting it back. y taking it out,

3.5. Attention during initial running. Af i
engine for the first time or after repairs, rug it slcf:vliystxa;(tigl‘gltrx (;
for some time. The speed of the engine should be reduced b(
altering the governor controlling wheel. But before makin any
such alteration, however, check and mark the existing positi(g)n o};
the govemox;’ ]s;o tthat itdmfg.y ‘?e restored to that position, the normal

osition, without any difficulty. Watch tha il p1 :
tI'.)o 15 1o por square %’nch. y t the oil pressure is 10

3.5.1. After running the engine under load f
hour, stop it and check the oillevel in the sump ;(i); ngelg; ‘;,lf a?]:ll
more oil to bring it up to the correct mark on the dip-stick. Open
the crank case inspection door and check all the bolts n‘uts'}:ﬁl
pins etc. If any are found loose, tighten them with a suitable t ;
Replace the cover and restart the engine as usual able tool.

3.56.2. At the end of a two-hour run under 1

s . . oad ,
lllbrlgatlng oil ﬁlter.by giving a turn to the top ha"(?le,a,gl:[m:xﬂ:;
the dirty oil by opening the drain plug. Clean it again at int P],
until all the initial dirt is eliminated. ervals

'3.5.3 After the engine has run about 50 hou : .
thoroughly.  Adjust the tappet clearance which r:ﬁ:gﬁpb‘;hzcgol;
inch. Check bolts, nuts and pins etc. inside the crank .00

Never let the engine run .
Choeok the oil 10%61. run on a loose bearing or a loose flywheel key.

- 3.6. Tostoptheengine. Take off the engi
down the fuel. pump cut-out lever to the stopngl:seiéi(z;d Mi)d mo::
press the engine just before it is on the point o stoppifx ei\-loeovor
stop the engine by shutting the fuel supply main cocgli. other-

wise it would be ne
the next. otart. cessary to prime the fuel system again for

3.6 1. Open the tappet chamber drain
. oock
fuel to drain off. Clean the engine on the outsid:,aixlr(i);:; gﬁw(?ii'?

- oil, and grease. The water in th I ;
out mphbly in frosty Weathe: cooling system should be drained

— P
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3.7. Parking brake. The hand brake on the roller is nor-
mally used as a parking brake, although it can be used to assist the
foot brake on steep gradients. When the brake is correctly adjusted,
the handwheel can be turned about eight complete revolutions from
the ““full off ”” to the * full on’’ position. The hand brake must be
fully released under normal working conditions.

Warning: The road roller MUST NOT be worked with the hand
brake even partially on as doing so is bound to cause
trouble,

3.8. Maintenance of the roller. The cost of maintenance
will be largely reduced if the roller is always kept clean internally
as well as externally. Wipe the roller down after every shift.
Do not allow any grease, oil, or dirt to accumulate on the roller.
Do not allow any of the bright parts on the roller or any tool in the
tool kit to get dirty or rusty. Keep them always clean. Take care
that there is no leakage in any part of the water, fuel and lubrica-
ting systems. Nothing looks worse than patches of rust or stains
caused by leaking joints.

3.8.1. Besides the usual tools it is advisable to have the
following: —

(d) A sheet-iron tray say about 2 feet square and 4 inches
deep for use wheén draining the oil sump, washing filter
elements, etc.

(b) Two-gallon, one-gallon, and quarter-gallon measure and
pouring spouts for filling oil into the fuel tank and lubri-
cating the oil sump.

(c) Oil cans,
(d) Strainers for fuel and lubricating oils,

All these should be kept clean and be readily available. In

/' addition, it is desirable to have a nozzle testing apparatus and a

thermometer reading temperatures up to 1,000 deg. F.

3.9. Periodical attention.
After every 8 running hours:

(a) Check the lubricating oil level, the water level and the
fuel supply.

(b) Clean the lubricating oil filter by giving about one turn to
the top handle. .

(c) Drain the Valve Tappet Chamber.
16
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After 50-60 Running Hours :
(8) Drain the deposits from the Fuet Oil Filter.

(b) Check if there is any leakage in the cylinder head joint-
ing and tighten nuts if necessary., :

(¢) Clean the air inlet filter by withdrawing the element and
rinsing it in paraffin or kerosine oil. Afterwards dip it
in clean lubricating oil, allow it to drain, and replace.

A fter 250 Running Hours :

(a) Remove the nozzle and test if 8praying is proper, other-

wise clean them carefully according to instrnctions
mentioned later,

(b) Check the injection timing and tune up the engine.

(c) Change the engine oil after cleaning the sump.

(d) Clean the air filter element,

() Clean and wash the fyel filter element in petrol or
paraffin.

(f) Check all bolts and nuts inside the chamber and
tighten if found loose,

(8) Check the valve clearance and adjust, if necessary.

(h) Check that al} points are being lubricated.
(i) Test the fuel system to see that all lines are solid.

After 500 Running Hours :

(8) Remove the cylinder heads, decarbonise the interiors
- and tops of pistons. Check the condition of the inlet
and exhaust valves and grind them lightly, if neces-

sary. Adjust the tappet clearance.

(b) Clean the lubricating oil filter.

(¢) Ensure that the exhaust system is free from excessive
carbon deposits.

(d) Check all bolts and nuts of the moving parts inside
: the crank case and 4scertain by feel that no hearing
is loose.

() Wash the air intake filter.

=4
DieseEL Road ROLLERs 511

After 1,500 Running Hours:

(a) Remove the pistons, and take off the rings, clean them
and the grooves in the pistons.

'(l;) Examine the water jacket and remove any scale or
© deposit.

(¢) Examine the gaskets and replace them if found
damaged.

(d) Examine the main, big-end and little-end bearings
and reduce or replace them if necessary,

£ t the lubricating pipe line and passages.
(e) I\%Neﬁgvzuany fins or obstruction in the oil holes in the
bearings. Clean and wash the lubrication oil sump.

(f) Drain out the fuel oil tank and clean it well.

diator should also be draineq and washed
® gllgiosgh;; to remove any dirt or sediment accumu-

lated in it.

4. GENERAL REPAIRS

inning it is most desi-
.1. Grinding in Valves. In the beginning i !

mbl: tlo inspect 'cheg valves at the end of ﬁ&uﬁ 100 wor;“itncgylll&\g:l_‘
Later on, the period may be extended to ours. Th i«
h:;(elli:?emovgd, the key withdrawn and the spring relea.sedt. l\o;v
take out the valve to examine the line of contact on the (siea anb,
if this is bright all round, the valve is in good' order and can :
replaced after wiping the spindle clez.m.d Bq:hlf‘ngrall)Y:ckorhﬁ:g
i sted in places or pitted with s
(l)snbtl}?ec l){ietﬁf(wivﬁgrguthe seat should be, the valve must be reground.

: The valve should be soaked in parafﬁn or kerosine oil

for :c;rlﬁéfimghalxd then the clarbon‘ dgefl?:lfi lf’l;D:::la:lt b?l‘ }Zn‘x;}ii%
i without damagin valve seat.

Zzaicgﬁgﬁ(lldogléilggimeared over with lubricating 'cnl_z'mt(}ll a ﬁni
grinding powder spread over it evenly. The ‘val‘\e 18 dr'evne rpl(la,
back on its seat and rotated to and fro \Vlth a screl:v i llv :
8pecial rubber device, generally‘used for grn;)dmg : e }na(.i fx?oge
automobiles is very useful for.th'ls purpose). "l(; Illxo fg‘r; [hore
than is necessary to remove pitting and to pqhb t g ia e. ’la the
seat on the cylinder head has become very w1@e an : "e’ig‘ll: r,e X
should be faced down with & spfeqml cutting tool. The s
should be between 1/32 in. and 1/16 in. wide.
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. 41.2. After grinding, ensure that every particle of the gri

::xgd pal.f.tg ete. ‘:ll‘las been removed from the \yalpves, cylinzl}:ar gl:(lagg,
whileg lr 'gs(si.' he best way to check the bedding of the valve seat
replacg ilt 1n% is to drg.w pencil marks across the valve seat, then
o ! g;n 1y and give it a quarter turn with a slight pressure.
Take out the valve and observe. 1If the pencil marks have been

rubbed off . ;
further gri’ntll;fl;? #% has been ground correctly otherwise it requires

4.1.3. Exhaust valves : ire’ indi
. s generally require more grinding than
;Illllsttﬁalves.' When the pits are deep, take a fine c%t on a{; lathe
en grind. When replacing the valves, care should be taken

that the springs of the i > i
b exh%ustgvalve.e inlet valve are not exchanged with those

4.1.4. After the valves have been put in, the cleara
of the inlet and the exhaust valves mustpbe readjusted. Bli'(iflé) zﬁlcl
g}x;a.nk to the top dead centre of its compression stroke by turning
e flywheel slowly. The clearance between the lever end and the
va%ve stem should be 0.007 inch. Check it with a gauge and
adjust, if necessary, by means of the tappet adjusting screws,

4.1.5. Serious pitti : : i
OASOLS o s pitting of the valve is due to the following

(a) Tappet clearance not correctly adjusted,

.

(b) Deposit of scale in the water jacket on account of the
use of hard water or on account of running the engine
with abnormally hot water,

(¢) Fuel pump incorrectly timed ; nozzles dirty or
adjustment ; or use of unsuitable fuel. yooroutof

(d) Choked silencer or restriction of the dj !
silencer. 1c diaweter of the

. (e). .Poor co i ;
. (e) rings'c mpression due t0 worn out pistons and/or loosc
(f) Nozale spring pressure requiring adjustment,.

(g) Air filter requiring cleaning.

4.2. De-compression Gear. After the

. I3 » * V l

ground, it is necessary to readjust the clearance geI:vZegat‘l;e liee"
Eﬁr of the de-compression gear and the exhaust valve leve ° pTI;F-
should be 0.030 inch when the valve is closed and the d o o
sion gear lever is horizontal. e de-compres-

2
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4.3. Cleaning the Water Jackets. Chocking of jackets is
caused by the use of hard water for circulation and also by the
engine being run on abnormally hot water. Unless this is dealt
with promptly, the deposits will obstruct the water passage and
cause overheating, resulting in rapid and excessive wear of valves,
pistons, and cylinder liners as well as loss of power.

4.3.1. Inspection plugs are provided on each cylinder head
as well as in the main body of the engine. These should be re-
moved and the water passages cleaned by scraping and by forcing
in water under pressure. Lf the deposits are too hard to chip off,
water mixed with hydrochloric acid, caustic soda, or washing soda,
should be poured into the jackets and allowed to remain there for
some time till the deposits get dissolved and become soft. Then
the jackets should be thoroughly cleaned with clean water before

reagsembling.

4.3.2. Deposits of sediment caused by hard water can be
reduced by occasionally adding washing soda to the circulating
water while the engine is running and then replacing the water

when the engine stops.

4.4. Decarbonising the Piston and Cylinder Head. The
cylinder head should be removed after every 400 to 500 running
hours and should be well examined and cleaned. To remove the
cylinder head, dismantle all the pipes and other obstructing
mountings but, before doing so, bring the particular piston to the
top of its stroke by turning the engine. This will enable the
piston to be cleaned easily. Take care to block all other openings
with clean cloth to prevent any loose nuts etc. falling into them.
Scrape off any carbon deposited on the top of the liner and cylin-
der head. Dismantle the valves with the special tool meant for
this purpose, and clean and grind them if necessary. Take care
that no similar parts i.e., rods, valves or springs get exchanged
with each other; it is a good plan to mark them clearly and

carefully.

4.4.1. When the cylinder head iy replaced, care should be
taken to examine the gasket thoroughly ; if damaged, it should be
replaced with & new one. The holding down bolts should be
tightened diametrically and equally. These should be again
tightened when the engine has run for some time and become
warm. Never tighten the bolts with undue or unequal force.
The clearance between the- end of the piston and the underside
of the cylinder head must be checked and should be 0-031 inch.
Pipe connections and other mountings may now be replaced.
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4.5. Piston Rings. These should also be checked when it is
observed that the consumption of lubricating oil is abnormal and
the engine does not take full load. The piston is withdrawn after
the cylinder head has been removed. The rings should be eased
with kerosine oil and removed one by one from the piston by
sliding them on thin strips of iron placed at four places around the
piston at right angle to the rings. Graoves and oil holes must
then be well cleaned. Check the condition of the rings: if worn
out, replace them by new ones of the correct size. These may be
put back on the piston by sliding them over iron strips as before.
But before mounting them on to the piston, check their clearance
by placing them inside the cylinder. The clearance should not ex-

ceed 0.004 to 0.005 inch. The head and other mountings should
now be replaced.

4.6. Pilston Liner. When the engine is opened for repairs
and it is noticed that a liner is worn out or scratched, it should be
taken out for reboring or replacement. Care should be taken
while replacing to see that the shoulder of the liner is clean and that
the rubber joint ring is not nipped in. If a new liner is to.be
fitted, see that its top face projects above the top of the crank
case 0:002 to 0-004 inch and all the top faces of the liners are
level with each other, otherwise the piston head will not fit in pro-
perly and will create further difficulties for the mounting.

47. Connecting Rod. Care of the connecting rod big end
and small end bearings is very important. These must be occa-
sionally attended to. If tight, the bearings will become hot
whereas knocking will ocecur if they are loose. Knocking may
cause serious damage to the engine and therefore, when knocking
is heard, the engine must be immediately stopped for observation.
The bolts of the bearings, etc., should be carefully examined to
ensure that their split pins are not broken. The head of the split
pin should be driven into the castellation of the nut and the sides
of the pin bent vertical, onc side to be flattened over the nut.
Never use a split pin once it has been removed. Use only dead-
size split pins. Boltg must be renewed after about 12,000 run-
ning hours of the engine, and only genuine {maker’s) bolts should
be used for replacement. Never use ordinary iron bolts.

4.8. The Lubricating Systemi. The main bearings and
crank pins are lubricated automatically by the pump but the
piston liners and the connecting-rod small-end bearings receive
oil by splash when the engine is running.

- 4.8.1. Fpr the economical consumption of the lubricating oil
as well as satx.sfa.ctory working of the engine it is most desirable
that correct oil pressure i. e., 10 to 15 1b per square inch must be

maintained._ It can be adjusted by tighteni ing i
valve on thepusmp, y tig Ing or easing the relief

- '
'
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4.8.2. If the pressure increases or falls abnormally when the
engine is running, examine at once whether the pipe line or some
oil passage to the bearing is blocked or whether, alternatively,
there is a leakage at any of the joints or wearing out of bearing
metals.: also check the oil sump and see that it is clean and free

* from sediment. The defect should be remedied before restarting

the engine.

4.9. Fuel Pump Cleaning. When dismantling the pump,
see that the surrounding area is free from dust and splinters, ete.
It is absolutely inadmissible to grind the plunger or barrel
with any grinding tool. [f either of these ix found damaged,
both should be replaced. All parts should be well washed in
kerosine or paraftin oil, then dipped into clean lubrlcatlpg 011, and
replaced carefully. Take care that no dirt or dust gets in. Never
use cloth as it leaves fibres.

4.10. Timing the Fuel Pump. If the fuel pump has been
disturbed or if a new pump is to be fitted, it should first be air
vented. Then place the fuel pump cut out lever in the running
position. Turn the engine until the piston is roughly at the top of
the compression stroke. Disconnect the fuel injection pipe from
the pump and remove the delivery valve and spring and replace
the delivery valve holder and tighten it up. Decompress the
engine and turn the flywheel backward and forward until a posi-
tion is found in which the fuel ceases to flow through the pump.
This should be done carefully, and the top of the valve holder
wiped to see that the exact position at which fuel ceases to flow is
obtained. This position will be approximately 25 degrees before
the top dead centre.

4.10.1. When the pump is correctly readjusted, the special
mark on the flywheel should be in line with the similar mark on
the crank case. If they are not in line, a correction must bhe made
by means of the adjusting screw on the fuel pump tappet. Turn-
ing the tappet screw to the right advances the point of injection.
See that the lock nuts are tightened after adjustment. Replace
the delivery valve and spring after washing them in paraffin or
fuel 0il and reconnect the injection pipe. Prime the fuel injection
pipe as instructed previously. Each cylinder must be tried in a
similar manner in turn.

4.11. Setting the Fuel Pump Connecting l_..inkq and Tuq-
ing up the Engine. An equal load on each piston in a multi-
cylinder engine is very important. This can be done by equal dis-
tribution of fuel and, to ensure this, the fuel pump connecting
links are carefully set and marked by the manufacturers
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4.11.1. Whén re-assemblin i

3 . : g the fuel pump after r 0

:ﬁﬁﬁng’ oare should be taken that the Ir;mrl? out onlggglrﬁn;
coincide with the corresponding end of the fork that pump.

4.11.2. W i
tollows When replacing a new pump or link proceed as

() Move the rack rod to the ri
. right hand (towards the
gfﬁg’:ﬁ;“nd adjust the fuel pump as described

(b) Deal with the fuel pump at the governor end first.

(¢) Put the stop lever in its sto iti
P position and mo
f)aclir{-rod fully towards the left hand and the:x’ep?xll?
t.a,c lgg&m 1/16 of an inch. Now lock the connec-
mgfmk to the governor lever with the rack in this
position. Bepea.t the process for each cylinder in
turn, working from the governor end.

. 4.11.3. This will give an a i i
pproximately correct setting bu
22?1 ;)le?g ;gs(t)xlts can or.ﬂy be obtained by tuning the enging l;o:
caual load fn each cyhpder. Remove the exhaust piping and run
bhe ofg in orha short time on no load at slow speed, noting the
beat of e gi; aust on each individual cylinder. If these beats
aro Ko similar and well balanced, make final adjustments by
theggog'eglg: i:gre tha&n 1/32 inch) altering the position between
tho governor | p::n;,: the first pump and/or the links hetween

4.11.4. It must be noted that an j

) y adjust

link must be balanced by a corresponding ad}u:tﬁgrlll: irlln :I(li S oppo.

?ime direction on all links to the left of the one adiju ted i T
nally all the links when the beat of the engine is ivesllebé.lagioz:ik

4.12. Timing of the cam shaft
crank shaft is taken out for repairs andg;yaptiaza}:ieeli't . When the
portant to see that the positions of the cam shaft ,andIZraﬁﬁssl::;;

gear wheels are absolutely co : )
run satisfactorily. Yy correct, otherwise the engine will never

4.12.1. The cam shaft i
: § gear wheel is mark i “or
:ﬁ,, ﬁﬂghsztlts teeth which engages between th: (:w?t:; t&hn f Oh
or gear also marked ‘0°. When replaci ond sovors
re should be taken not to distort Renl S ane end covers

the oil will leak through i v
and carefully, ugh. Tighten the screws of the cover equally

- 4.13. Cleaning and care of the -injector.I

vital factors in the successful running of the engin. Jre of the most

¢ iv maintaining

the oil seal rings, otherwise '

DigsEL RoaD RoLLER« "1

e pepsle valves iu perfoot order.. In the beginning the injector
chonitd Ve eleaned - after 80.t0 60 hours but. later on the _period
sy be extended: t/80 t0.100 hours. Oleaning is carried eut. i
under: e

‘(a) Remove the overflow pipe and take off the nozzle
" bolder from the engine. Hold the body in & large
~ wrench or vice to remove the cap nut. ‘

‘(b) 'Try to extract the nozzle valve with the finger and

* put it in & clean and safe place. If it sticks, then

extract the nozzle body first from the cap nut by

- _hand pressure or with a sliiht blow with a piece of
“A wood o ‘a"cofper rod. - Take oare not to damage
the pintle puint of the valve. SRR DS

{¢) Extract:the valve "from the nozzle body and ‘soak
. both of them in petrol, kerosine or fuel oil. Clean
thoroughly with a tooth brush. The interior of the

nozzle body should be cleaned by means of a
wooden manicure stick dipped in trol, or para-

fin. A special fine broach can be obtained for

" oleaning the nozazle.

... -After cleaning, rinse the valve, body etc. again in petrol,
Maw place the valve in the-body. The valve should rotate and
slide perfectly freely without any stiffness. When assembling
make- certain that the polished tace on the top of the nozzle body
and the lower face of the nozgle holder are both perfectly clean,
fﬂwiy. corresponding holes should coinoide.

. - 4.18.1. After the injector has been completely assembled its
gny'mg may be tested on its piping outside the cylinder. A lat
. t4me is saved by trying thus to detect any fault outside rather
bban. innide the engine.

4.13.2. Do not use a metal tool, unless made of soft brass
Mp the noszle. No emery or carborundum

for ol or soraping the :
rf”' od. "f’hl; f\?él aystem should be air vented.

should be nse

4.13:3. ”When replacing the nozzle holder in the engine, do
not forget the copper washer.

€13.4. Qopasionally it may be found, after reassembling the

injector, that it does not give & satisfactory spray. This, in mewst

aases, can: be ,overcoms by slaeking _bagk. _the injector plug one

turn, giving the noszle & slight tap with a copper drift ahd again
‘ 16
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o REANLA ON] o onstd

isodd8.& M the.injeetor needle i i

L8 N theinjoctor.: le: shows wsigng pfostickingenthi

Iuhrionting ofl and. Tatetim. . apain nendia . valew: il i

Iubrionting of ing- it..again . into ite guitle. - and.giwien
D180 R

#4444 13:6. ‘The ‘injector filter should be ole: st !

L +he 1nj i - cleaned ‘&ftdr &
:‘;‘3;1‘:;2:; al'lo(llll‘ﬁl.'_ ‘To do this, remove the- pump defrvvety p?&og; iﬁg
e washn't remove the filter body. Extract the filtering element
éb‘é_ﬁ i 1ltl | ngsh clean paraffin or petrol. . Also check that the
<8 'I‘;. {})\ int of the delivery pipe is in “good cohllition. Now

eplage the filter body. and.the element in. positioh.
. ST KT SR ]

AT S . .
. ;TO kee)‘p the ?m e.ctd . .v -t SR Dy o ' e T
G 30, S otector in good Conditidn, I ie cssgntil

, 414, The nozzle tes . consist

Lo b D@ ] ting apparatus oonsists of
fhiip s spplying bigh posnie (et zqooweg“s'fooo-»‘fb““&‘l
q,,inch), &' pressure ‘gavige to i dicate -the'“hoxi

e ot oo o g PO

"
ALY

i d

oupled to' the pressure pipe union of the appars

fuel oil filled in the small oil “container. 5%1’)01‘]{?17?10&2301'21&;“
andle s few strokes to expel the air in the line. Now work %

fitior and ‘mo he prehe & which the 1peey of rorsonzle

; ’Ql?‘: s, “which - ghould " be’ 2,508 to 3,000- Ib . Perraqeiu. vrolf

"3 JL1' The 'notzle ‘of the engine for ' test should be

'b,é’, préssure’ is- not " within the ran 6 it 7 G ® iy ek

Hy' piokna’ of the " fop sthew o e nofile. The - peiaeees
of thie nozzlecan be increased ~or *decreased ‘b.y'»":f‘p;e"'s}l re
or slackening respectively thé top'sétew on the nozszlé: :Ilng tening
spgglq now be observed for its uniformity at a rate of © spra

abg\}t 20 strokes per minute by the operating handle p'llvlhngpl,“g of
shbuld mqk_g a fine spray and the pintle point of thé n le npzzle
ﬁ?;!:edry and'rtno drip should ¢ome from-it.: ‘¥ 'the?:zzii? 3‘;&:

ive a correct spray, i . P ‘
defects, pray, it should be opened:and .exsmined fde

15. nge;fal l?aultga, in‘ ‘N@?!OQ'_?‘M",THW'K‘W?’ i
N R I

(a) Dirt between nozzle i i
oh o apine - velve and seating, v&lve M“fl"lts 's'?'“mg_“olmn
R [ e ;.f',:."
) (b) Crack in nozzle body — Re;flsc:it: BRI - AR
1), Broken sous vy ponteo yEHisg - Raplach (.
ST Stih v AN e TP e sl el U ks
‘zif-rg;'ﬁ)- “Norzle valve sticking.in-its y\iidevw Oleau*a‘u;f ?‘“ J'a‘: ,
sl Yur oy g e dinile oy e o * o
(e) Dripping of the nozgl srgteon e endy ofe anivin s
~ Dripy 10zzle — Clean o, Ty
o T TOPIMCO ! nriueBuit

R

Drpssis Roin-ToLLERS ’ 540

(f) Too much oil wasapds oot the leak off pipé: »F the!nogxle
.. Possibly due to much play of the nozzle. (not being
oorrectly tight). Tighten the nut” or renew thié nozzle
and the needle, if necessary.. ... . - TR

pponEsg PR T Y T T Rt 1o

5. CAUSES OF: ENGINE FAILURE
3.1. If Engine Fails To Start the’ reason :maky."be - *
bl (R 'Pheseorrect method of turning the engine r;my not have
been acquired. (¥ e3@eh itk T YA
(b) Throttle not fully funetioning or its positioh incorrect.
(¢) Faulty nozzle valve or its pressure imcorrect.:
() Poor Qo_x‘npression or st-a.,rting under adverse, .001)§it,ions.
W) aotritiitabieY fubricating oil and thus stiffening of the

cylinders. oo Bowde o T -
(f) Fuel pump not correctly tuned. o
(g) Unsuitable fiiel: R ) '_

(h) Timing of valves not correctly adjusted.
(i) Fuel system not correctly gir vented., . o
5.2. If Engine Fails To Develop Full Power this can be

due to any of the following reasons: . .

(8) Any of the faults demi'l‘ed'u,'blove.

(b) Qil pressure n&t‘édgr@t; S

(¢) Overheating of Dearings ; shortage of oil in the sump or
choking of oil system. : : e

(d) Watﬁ&,pqgling,eystem..choked d
sedifients.

(¢) Choking of exhaust piping.

we to -accumulation of

5.3. Failure of Lubricating oit progétive may B due o :

U g shaliod o

(o); Sludge at the bdeton of the oil sump.
powry d) Suction feed of gil pumP choked. T
koot 0i preins afong AIFY WIE OOl

NNNNN

ad et

ST aganen gt b e o
78‘3 Sdine bearing damageds:s .. ¢



ars
ru Boadta oN! i e

7od 18,8 I the.yinjeetior needd
i A e ~needie; vhawsy, 1si eskiokd '
mﬁm &v@m;aidxgd.-,by,*‘m\fermg the. m&ﬁgﬁﬂgﬁ f :?‘ﬁm
g.0il and.insetting it..again . inte.ite guids. -~
several turns. U8 i, and.of v
- BEIAE

whia 4.136. The ‘in-jector filter shou .
_ ] ) d 1d be ale YAy o

i‘ﬁ:};gf 8151;)&1:‘1;‘,_3 ‘To do this, remove the:pu;l;a;:gb::w about ‘:go
and wash it rep:lc;ve the filter body.  Extraet uhe.\ﬂl'oezizl: lpelon (;
dopper joiht ’“:)lf ‘ﬂ_::,lea.n_ paraffin or petrol. Also checkg t‘;:,:n :lr:e'
e T o, tho delivery ‘pifle 1 iti ' good conthtion. N
fidire e 1 ter b‘pdy‘,: “H@Lthe' elemoit in, posit{BN on.  Now
NASE o CoL . . ' [ AT o AR N

thiat clean, well Btr:in'ofd?(ui:]“ f.o %m?“at‘@o Jt. is essential

, . 4.14. The nozzle testi S
Lo R h A sting apparat ;
Bukip for applying high prossure (sbout 2,500 H000 b e

sq,.inch), a; pressure . gatige to " fhdio R W
Wigle Hotdor, and o shutooft vampe e the/Rotle pressure, a
‘ '..114'.1‘,‘ " The nmozzle' ‘of the engine f“'\.?w"
ph s oSy LTS, Lo, e,
d]l fe in the small oil container. - oﬂg’ft; o rooan
h‘:ﬁh’? & ,(:iw',strokes._to expel the air in the line Ne ity
firther und pote the preisure st which the ‘apeey- of themostle
brey! 8, which should be" 2,508 to 3;000- 1! -peri- rm-iquz:!z
tHe "prfssure i not - Within the rare; it TkMeld . be scjuabelt
o{th? ans’ of the fop 8drew - on “4he nosule. - The * press
zalecan be 'inressed “or >decressed by tightominy
or slackening respectively the top'sérew on"ﬂie"ﬁaiz!g:- -1!-]81 tenirg
:%zgltdz_gqurzi observed fo; its uniformity at a rate of pume e
THoolL ek & Baesoray o e operating handle, Thé nowsie
“Honld make o f ne spray and the‘pintle point of thé nozzle ;L uzle
Main S, and zo drip slould eomo from e, K “the nouse dote
defeots, pray, it should be opened:and .examined fdr

415, ‘General Faults in Noziles Hpd Theh Rerkias
I Gl Bl Mot 04 T Rty
(& irt between nozzle val i ating — Cloan
ohoseine . valve and seating, ve anﬁ"l? 'g?ﬁtlnG“Cl°“"
e R R

NGR4T S gy
..

et ,Z(;“); - Broken giqula'\{&lt;é‘.’poﬂtir‘bl*uﬁifﬁg 3 Replacg-fti -+
R S ST, IR . op It
8L Sudt N IS : SRR AT A iy RPN
415.&735}"!'-&»)' »I‘Qazzle YG‘VQ"'“;Q!‘“S'{R—' t8 y\lidﬂ‘ﬂu cj“n;ﬂw Hindalai
eew e ,“f‘v'_',"--‘} S LR e R e oy A .f!.,:*] o AR
(e) Dripping of the nozele — Clean or SN BAIViE

(b) Crack in nozzle body — Réslaee it,

+

00 nolyordgit

v -

Dipsri- Roin~RoLLERS 1)

() Too muoh oil sseapdusat’the leak o pipé: oF the:nozsle
- Possibly due to much play of the nozzle. (not, being
correctly tight). Tighten the nut or renew thd nozzle
and the needle, if necessary.. .

.
Py PAT L TR TS T R L A PR B

5. CAUSES OF ENGINE FAILURE
5.1. If Engine Fails To Start the’ reason -may."be .- *

Caaind  Fheseorvectimethod of turning the engine n_;ny not have
N CYT VRN T S

been acquired. .(:wdS™
Throttle not fully functioning or its position ineprrect.

(b)

(c) Faulty nozzle valve or its pressure ipcorrect..

(d) Poor compression or starting under adverse couditions.

) cofphrsia s ble Yubricating oil and thus stiffening of the

cylinders. L e .
; & o I W PR £ 3 LR

(f) Fuel pump not correctly tuned. .

() Unsuitable faél: ~ * B o

(h) Timing of valves not correctly adjusted.
(i) Fuel system not correctly gir vented., 4. .., X

5.2. If Engine Fails To Develop Full Power this. can he
due to any of the following reasons: S

(a) Any of the faults detailed a.}iove.

(b) il pressure not“(':dti'_eigt‘. D

(¢) Overheating of bearings ; shortage of oil in the sump or
choking of oil system. - U

(d) Wate&poglj,pg,aystem«choked due to accuniulation of
sedifients. _ ‘

(6) Choking of exhaust piping.
5.3. Failure of Lubricating Oil Prigétive may BE due to

heige) * TriiiMcions ofl"in the yimp,
o By ljw‘f "”‘" N "l""”v. ), PRRIVENN !
e :‘?S* g EW" Zocltgked"'fi; A

(kv Sludge at the wéttom of the oil sump.
a0, Suction, foed of gil pump choked. . T -
toradp) Q’LDNMﬂlfﬁﬂlﬂdh@ﬁve . wid T
hodody) Ol predsits rofonsd PRI Sorredtly adiuste

A A

A T L LR bR !
C ‘?-g Sdine bearing damaged. - ="

.

- .
—
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i B Snging Mecmes Overbonted. o f

et
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"7 (8).. Bed Inbricetion, -

Dighei. Rokb Worizns N5t
4 INSTRUCTIONS PORDRIVARS - ' 7"

g1 Obesrvation during opsration and general care.

See that the cooling watsr temperature remains t:otwpou

(b} Cooling system oboked. : ’ (,“) 120° ond 180°F. .
{e) Loose. compression ; vaive-adjustment incorrect ; piston . (b} Waichthat thi lubricating oil pressure i beiweon 10 4o db
rings worm ‘out ot broken.; . - Ib persq. in. v o
5.5. . Emgine Kmockiag . v , - (o) »gggzi“tev the externa} psrts of the engine dutil;gmh
{8) Loose or worn out besrings; loess. key of 41 isulate the fuel and lubricating oil
(Take immediate action). ' v Rywhael. (& ézﬁfmm‘y TP )
(k) Oves-loading of the engine. (o) Obsorve that thers i an adequate supply of fiel and
() Cooling water teo hot lubricatingoils, and note their consumption.
S— N | (fy ‘Take periodion} resdings of all the prossures and:tempe-
(d); ?xs%n begins to seize ; lubricating ofl ievel oo low. ratures inc?&ding those o1 the exhanst gages,
, : v point demanding sttention after ‘“ shut-down
5.6. Hissing Of The Engine. B iine and maintain  proper record of repairs.
{s) Cylinder head packing dameaged, th) Atonce lookinto and examine the condition of the piston,
(b} Piston rings broken piston rings and valves if the engine consumes mose fual
o o " or hbricating oif or both than' it should. o
8.7. Exceasive vibrution. 4 -
o) Wawlyfunimy. 0 o D7 oA m 8.3, DON'TS Fer Drivers. o
(b} Fuel supplyi ﬁ' . B " (a) DONT uve interior fuel or lubricating vil.
o Pply msg Ao‘l,ent. _ o {b) DONT a!im:"tle fuol tank to ran emply. e
:;; C v:rnor n,.:t ;mﬂ:‘:oi?m”ﬂ" ' {o) DON’T stopthe engine by turning off the fuel cock.
ooling water leve ow, » . .
‘ ‘ ] . s hesd water tor eooling.
() Valves in bad condition. @ I;gi,: :: the ewgime without cooliig water of on
(® Any one of the ey¥inders not functioning. . ®) very Ned whier. ‘ | 4 w
“(g) Water in fuel. @ DON'T run the ewgine on loose besrings -ox & Jonwe
flywhee! key. - '
: ' ) ternal of the sngine,
Al ittt ke b i 0 BT e ] 2 e
wUgn . L1 the smoke 1a bluish, there is too muchoil § ' '
eabo and this oil is being expelled from it tothe &k&,‘f ,g;’m"n%k (i) DONT fail to inspeot and clean the nozzles and Glters
justment of the valves is incosvect ; orthe aorzles are éiﬂy ot regelae interval. - ok
£ Iy : ' et 0o o Nutirel the setting of the fuel pump ory tinker
Bf%l&%f{!.ﬁ éggew?t?“ip‘pmg and silgnoer should be examined L goitﬁ,m%‘:b o i Yg“ do not ederstasill their
i rking hours. - Fhwing slip , e ) LIS .
and replaced if ba itted: ghly oleaned e o Mumyeione propesiy. T
exhi - wi?t e,feitedl!iag;t t:l%\rl?igaai‘tlt’t%e nrsn:%: mh dwr’? .5 8. The Abmt;y‘ of the driver of the rollér is judged by his
should not, therefore, be neglected. TODINg ot the engine ; it itity to keep his roller clesnt snd hie machinery in such good
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order tha.t”’it'qzm ) W il e v o bt is the sigh of &
bad driver and so is a rolier that uses 'goo much fuel or Aubriog;ting
ofl. @m0 Imssmef basx ao2lymrago eiyed achiavinie 0 e
waswrdad antomas casietrTic L OB Bmlgm o4 e n!%;: e

: A OB b YL

7.1. Every roller should have a log b i Suy-
@‘M&‘m)ﬂdg :lIg.‘;,e-:::?‘.x{t!) ;m‘;:.u‘(.:};:'w?gd: 93‘&:}1:*&5’ fon(y'lp il

ARy d)

. T.2. The log book should, give th Q_{ .. histpry. .of the
ﬁs&wr%ueb:ﬁ*g%ﬁ%fg’its“x‘xfs timé " 1 ﬁé‘fbﬂb&%‘:‘g‘ i%{?ggﬁgﬁ should

be recorded in the log book :-—

T L LT B S AL LR U IFTLEF ERIE . VAP T AROA

oo sl ine of driver., ' T gt

Y iS‘?)t Tlm?ﬁ( Of “9:“,}98 up a.?%‘z?}ﬂ”#%? QO,‘YJMZ‘WOI‘}&.}G\‘H)’
ngl_‘_,)__&g;,@a{y., ety s bie ot Bannidesinded

aurof B DBl 08 sponpeges wath dates: Whemcthe roller s laid
BRANG FASLAEW, WOTHe, L1 s nukoil vaiies
oG aDetails of mipoer sudimador. repeins uarried outy,.
et O THGRANS BERBSkes Tesadials Pt i e o
i o114 N IO RICE T I IR I L 1A (s KA T LI R
e L asante ragidie for ppepndlug Yol e corried
¥ abiTtl the st down' peripd And the actusl repairy,subsequen-
tly carried out should be maintained properly. =

7.4. &‘he 10%1 boo]llc a.ndq thq.;plleplgrir.. regikter{skiniill be.dkept
permanently on the roller and regularly inspected.hy the subordi-
nates and the enPgidée‘x'-‘:resp‘dhsib%e dr't-}ié?gvo'r'." '%h'fato Official«
should make it a practiee- ta inspect the.Jogrbsak wndthe rogister
as ofteP ;sithey check the _mus?er_"noll. e e

RN P AP R NI R TR 11 I B Yol 4 o :‘ R XY /_.'\

8.. BONUS FOR DRIVER .. .0 .

pe &1 . Lhe system, of paying bonuses. to deivers is recothmen-
ed as it will give an impetus to drivers'.to take pains in their
work, The bonus should be substaptisl and should, net jn any
kb leks thah 25 per cent of the drivers’ phy bar, month.

8.2. Full bonus, should be paid imogtpjygf SENTS

,Qﬂig}(&)arilf the -dpivar-  werks  not less ¥hes 25 days f{h th

month. DEDUCT RO RATA -whsthtr  idlenons

o is his fault or not. :
D L A e A A T PN IS B AR B/ T (RTINS

(b) 18 there are no breakdewww:y DEMAR it. parts arc
mdert e ]go‘ken,‘Ml'_g “r ]?:99‘%”&5’ 'd:i?.‘?rm%'“(y; AR

theufd (*Jf‘(ﬁbﬁhn%é;rgff 20:;,‘33’&.”, "ﬂuﬁ‘dg"*the month.

4 [ if thero are bRt tepayrs;oinisei of

. stores, dirty roller, ote. — at, disgrotion. e - o

Prusen: Roase ROLLERS »g

N 2 Appendix I.
LOPa)—i ailoed . gé
: SPARE & RTS
SPARE, PART: |
THE INDIAN MANUFACTUREP;:_D!ES,EE RPQI?’&%?LLER
ECBir Laoe i ‘TScheduie R G
e - to~be-kept wESpares by the uger}—-—rr

g L aeps Tiaed
et Bao .x.'{ . A o meTsEsE 1 Yo te be Kept’in
Part No. Description . stock.

V.0.970 ... Atomiser Nozzles g otd . laFoub for eaoly rdléek
2-BH.4347 _ Manifold Gasket i 039 e X
V0.6850 * ™ 'Valve Spring (Outer) One‘. SR

V046 ... :Valve Spring (Inner), "/ weew Onee . uEh&) e
4 VPHIIS ’NO. 2 Fuel ,Filt'er E‘lelnlent » _Oaﬁ,t v 1k L

¥

4 VPH 118" No. 5 7 e e
,,,,, «No. 8 | Set of joints for LA
“No.10 | Fuelfiltler .. Oneset .

. Lt B 1] .“l’ N
.~No. 12 J. AR
GDQ.2107  Clutch-lining with rivets ... Four,. ey

GDT.2102 " “Clutoh driving bolts = .. Six ..,

:GDQ.11174,5,Bottom Water connestion ... - One.i,, AT

GDQ.115 ~ Top Water Connecgion ... ane,, TIPSR 2 RS
""" “Links §” whittle fan belt ..  Six . .

GDT.11244..."Hose connection folrfAniiliary‘"" 0'.’«‘ W v
ipe ¥, dia. x 4" lon ne ,, . .. .

GDTa206  Roll f‘fﬁﬁé" &“Ba‘ndf_n'é'“ for ¢ 1wne 4 7 M LD

#4 GDT. 11144 el LS, »

GDQ.10636  Set Brakg, linings,with givets .TR0 ., rsailst YU

:g Py .. ,+ Kingfisher Lubricgtor- ... . e OB8
Pe¢ Kingfisher Lubricators o WO L, ol
H.29 Tecalenit Crease Niiples ..."°° ’Efght,, ik 0
H‘A'ag gl o s . el Wb, I 2]
S A S, >
Assorted Nuts ... Onelot .

it pi i hers One lot ,

- ipht pins spr I;E‘W:‘? Aalafe ";‘.;"'-\'f‘f’!b"nall"!,‘ .

o !:Muaforvmﬁwnwl‘ib'{for each rol
GDQ.4026 " Pawls for Hydraulio coupling Two ,, ,, »
GDT.4025  Pawls pivot Ping... Four ,, ,, "

gDT.4028 Spring Pine  ,, " TT::’) o
DT.40218 SP!'ﬂ.lG'ff'r n.'m — An~. — 7-“»’ ; 4 _—vii‘a

o
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7., Cooling System. The"engine cooling systom shall be of
an efficient radiator type. 1t shall be of ample cooling capaocity
and mitable for the climatic conditions specified in parh. 6 of this
specification. .

8. Governor. The engine shall he provided with a densitive
overnor for controlling the speed.

9. Filters. Ample air and lubricating oil filters shall be
rgrp,v;ded. These shall he suitable for “ desert’’ conditions.

o " 10. Fuel Tank. The fuel tank shall have a capacity suffi-
cient for at least 30 hours’ running under normal working condi-

tions.

11.- Clutches. The clutches shall be suitably protected and
.be of the fabric lined or.other approved type. The clutches shall
?mve renewable linings easily accessible for inspeotion and service.

12. Gear Box & Gearing. The gears shall be totally en-
ologed in a robust gear box having an oil bath or in which is inoot-
_porated a suitable oil pump providing ample lubrication to all
.wearing surfaces; input and output shafts shall be efficiently
“isblated. ‘The gear ratios as provided shall be such that the roller
'is ‘capable of operating in either direction within a range of

"7/8m.p.h.to4m p. h. All gearbox shafts, except the output
shafts, shall be of suitable alloy steel and all heavily loaded fast
running shafts shall be mounted in adequate ball or roller bear-
ings, - : ' :

© . 13. Differential. The differential gear shall be efficiently
‘guarded and lubricated. 1f inside the main gear box, it shall
comply with B. 8. specification No. 436 as far as applicable; and
.if incorporated outside the gear box, the pinions and bevel wheels
shall be so constructed and fitted that when assembled the load is
evenly distributed between all the bevel pinions. A locking
.deyice shall be provided so as to put the differential gear out of
.agtion when required. ~

“

14, All gear cases shall have covers of ample size and readily
removable for examination. G

15. Final Drive. The final drive sizall be through spur
gears direct to the rear rolls and be effectively guarded and lubri-
?gmd‘“ S v, N

#*-16. Lubrication. Lubrication of the diosei .engvine shull‘ be
‘by’ani efficient forced feed system operated by an oil pump of
smple size and with -an efficient strainer, The romainderbfp '

. i renewable gun-metal bushes and

Drzsrr Roap-ROLLERS §27

lubrication throughout the roller shall be of aneffective-type suita-
le for operationgin tropical and desert conditions’ and by semi- .
skilled labour. Tho lubrication fittings shall include vgeather-ﬁ;:
and dust—excluding reservoirs of large capacity. Details (;’f‘ﬁ’&‘*
, Wethod of lubrication shall be shown 1n the Technxp@l Schedule—-

Annexure 1.

17. at and Rear Rolls. The rolls shall be cox}sﬁrucﬁe&_
of oast ircl;f?)!fl uahigh quality equal to that of the_best u_nported
wakes or alternatively of mild steel. All wheels including the
front roljer shall have detachable centres. The holes for securing,
these centres to the outer portion of the wh‘egls shall be big drilled
in order to ensure ahbsolute \'nterchn.ngeal.nht;'. The front wheel
or roller shall be in two parts each revolving independently of the_
axle and its path shall overlap the paths of the rear wheels by not
less than 2" on each side. Good guality bronze . bushes shall be
provided in the wheel bearings. The front rolls shall be not‘ less
than 3’ 8" dia. x 2 10" wide (in halves) zmq the rear rolls not
less than 4 6" dia. X 1’ 4" wide. The thlckness of" t_«he frqnt
rolls shall be not less than 17 if of cast iron or 3/4" if of mlk.i"
steel : the thickness of the rear rolls shall be not less than 13
if of cast iron and 13" if of mild steel. The hubs shall have

3

shall be lubricated by Stsa.ui’k‘er:S
type lubricators or by préssure type lubrication.

. B :  shall be provided
18. ers. Adjustable spring scrapers s '
at the fros: ;:11:1 rear of]the rear wheels and adjustable sorapers at

the front and back of the front roller.

Pressures. Tenderers shall put

19 val‘iation in Ro]ling ding b&llaSting or other device to |

forward their proposals 'forhprOVi
iv h the . .
2700 lll;oadrpri?:ﬂrefvi(ﬁ% of rim. Water ballasting will not he

dcoepted for this purpose.

20. Brakes. ‘Two independent brakes shall be provided,
one OPeratedaby foot, the other by hand. These brakes ih&ﬂ act
on large diameter brake drums. One brake may &01:' on the tgans-_
mission but at least one brake must act direct on the rear w eels.,

'The brake bands shall be lined with approved friction material

“giving adequate holding power ~under’ all climatic conditions.
Either brake shall be capable of holding the roller stationary on
an incline of 1 in b in either direction.. o :

Jol e a'ﬁd Fotk._ The fork shall be of cast steel
ot‘m?lld Stg:fec%gi?gwomriagé and forecarriage bracket shall he
of Ample atréngtﬁ for rough usage. e s

rear rolls ranging from 350 1b to "~ .
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(33 Steering Gear. Ty, stecring gear shall be controltéd-
b¥. 8" hand wheel soting through a worm Rear and spirsily -
&roovid oknin barro) and chains on the front roll fork, or ¢ rough -

othm:kpp@yved type of mechanism,
23. ‘Shafts, Ay shafts inc
quality mild stee) suitab[y finished and worki

cated brouze busheq beanngs, or in adequate
mgs... . -

’24! Exhanst Pipe. The exhaust Pipe or Pipes shaii be
lagged where necessary and shall be carrieg clear to one sido of
the roller or to above the awning,

- 25. Cemtre of Gravity. The centre of 8ravity of the roller

shall be as low as possible consistent with the provisjon of suita-
ble road clearance.

26. Awning. Ay, awning extendiy
roller shall be provided. This shall be 0
timber or of other approved design.

§ the full length of the
f sheet metal lined with

_27.. Curteins. Sjde and end - roll-up > curtaing of heavy
waterproof material shall be supplie

d together with straps and
buckles for Recuring these when not in use,

28. Draw Bar, 4 strong cast siee] or mild steel draw bar
‘sttgphment shall be fitted at the rear of the rolier, A forged stee!
draw-bar pin shali be Provided, astached o the roller by a ohain.

29, Contrqls. All Oberating leveyy, controls, brake pedals.
levers, and steering wheel shall ho go situatod that the driver will
AY8 an unobstructed view of all operati

fortablo seat shall be Provided for the driver.

Y AceesaidiMity, A) Wachinery shall be g designed and
arranged as to afford a8y access for cleaning, Inbrication repmirs
and adjustment.

. 31, Operatin Charactersatics. Ty, ¢
with the tender full‘ details of the ¢ tenderer

shall submit.

Operating characteriggiog and
capaoity of the roller jip the form shownp in the aoo i
Toggn’iqal Scledul'e-—Aunexure 1, o ompanymg,
S "1_—:“ :

actied shall Bo provided. .5 “Pull i\ © 88t of uoees

—Annexure 11 Par
. Note :—Water SPTayers, water filtaps, winding drums and
7,0 nmps ave ney required, byt Jamp bragkm 'mud: be
S provided so that the purokaser

! £ mudd be
for night driving if desiied. - "7 M his own Jempw

luding axles shall pe of good’

perations. A suitable and com-

ROLLERS 58
Dizser Roawr RoiLzrs

tc as an extrs for any
Extrs ‘he tenderer may quo : , g
- 83, Extracts.. T i e
rallotihe f°"°'.'"~’.! | pling Fiuidrive ” ‘incor-
. N, draulic cou ! e
s vat?(lloil;) ;’liea rﬁi?;&drive from the engine. o
; pora ‘ :

(b} Provision of power steering.

5, not included as

: ich he recommen{im nouf o -y

(e) Any d ngn;q:il}];;:nt or not mentioned in this spoci
standar

cation. UL k or
tructional Literature. Anwel;l?;:itm&;ns%?ssion.
34. lostr ith maintenance of the Pg oller together with n
hooks dealing i e eving parts of the b roller. Spate copies
steering gear a.nt hall be supplied with eact-he number of roblers
o brication i}m;xll(: charts totalling twice t oo
8 sy s ition.
gf'dt:l::j sb}?:ll be supplied in adi‘tll(; upply with each road roller
' enderer shall supp! intenance and
35. IT°°“;,£$§J§’Z(1 for the ",Tf;%’}tmg}: 1;:?);036‘1 shall
such tools as art at site. Particu cure II). The tools
operation of ‘t.het l‘:lrll?:chnjcal Schedule @:g?:;r?ack) of approved
he included in th 10-ton lifting and tras olv attached to the
*hall include ono shall be cast on or SeC!}l;:)lt{ the jack on the
make.f l; ﬁ:t:)l:%e‘r convenient place. to
front fork or othe :
r:;(])]ner while it iy travelling. nd well fitted l()(:k"up sheet,
A spacious an b ‘ lied. The
36. Tool Box:cummgdate all tools .sho;l(l)"zt; supp !
.?)t,eel :)O(ﬁ :izx“t (l))u;‘i(é in"' or welded on the
OX Sha

The tenderer shall show in the Technical
The

arts he recommends
' full list of spare p ies of & com-
Schedule (Amfefiur:f Izl)y:nrs working “";ll :;: °S‘f3§fied with eack
to cover & p'?lnztrate d spare parts list shall be i
prehensive illu .
roller. inted with a high quality
. be painted w ‘
‘he roller shall .
'38. Finish. T

woather rosisting paint.

37. Spares.

: of ' gine shall be tested under load on ¢ ej
OREInC N Sl rnioria
bongh rio s itng m S role ‘
'f‘l"::;jo;' "'.:ﬁ"?ﬁ,'«gg_ engine

‘of a type (f';elﬁqﬁg"tg:s:; n?ﬁeh{r& :
‘ ch) shall ‘be 't )
‘ “Offder from the bate
Lrispecting Offcer fr

and under such test must give the

- ut emgine builders® works d over a period of 6 hours"of the H. P,

output at its normal speo
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8% which-it is. rated, as given by the maker. in-the . attached
Technical Schedule Annexure 1. After satisfactory test .:all
baarings and wearing surfaces shall be opened up for inspection.
The finished roller after completion and peinting shall be weighed
in the presence of the Inspecting Officer on o suitable weigh-
bridge. The roller shall then be loaded to full working weight
and tested on the road under all normal conditions of service.
It will be required to climb an incline of not less than one in five.
The brake shall be tested on this incline und shall hold the roller
securely in either direction. The roller shall steer and manoeuvre,
with the engine working at all speeds forward ang reverse, to the
entire satisfaction of the Inspecting Officer. After satisfactory
road test the bearing and wearing ‘surfaces shall be opened up
for inspection. Subsequent rollers of that batch s

road test at the discretion of the TInspector.

41. Cost of Testing.  The contractor shall l)l'OV'ide"t.l“
labour, facilities, tools and apparatus necessary for all tests:
The cost shall be included in the tender Price. ,
) " Acceptance. Approval in writing from the Inspector
shall be the only acceptance.

43. Each roller shall bear a maker’s hameplate houring the
the following identification particulars :

Maker’s name

.........................................

Serial Number

y Cbntraot Nq;

- Indent No.

...............................

..........
.................
...............

Govt. Mark (as given on the schedule)

" 4. ‘Government Markin
sohedule shall be cast on the m

......

£ The marking given iy the
aker’s nameplate,

p'pr'ova,], the roller shall be securely
; " sea , e
(.lé.tac.hé.ble" ﬁtt:,ingg shall be remove ransport.  All easily

hall be given )

. {—3’ j o~
58%
DiesgL Roan ROLLER®
net and gross weights ""}‘l‘d deic;i}%zil_“ (X
’ -ovided by the contraator.
i1 plates shall be provi J “and item
Deoking f::nocllletgi?inz the stores, indent Angxﬁ)?f:atzncopy of
g:gll)gfs Iil: to ,be enclosed in 95:%3;:5:%& to the consignee by
. . be sent ¢ o .
thn?- 1gm,cl(;u;)go qxtlo:i (jsh:Ht‘ripli(‘rate copy shall be provxded for the
registere ' ‘

Inspector.

upon them in addition

; ;Wi harge
gractor shall supply without ¢

16. Drawings. The cof of each roller to ascafle of not
one general. arrarfnge;nen;{ g!‘;r}lliu also supply in duphc:(l;beeh:tlfll;
less than " per oga.ngement drawings as are ngce;t;lsaryn » enable
cach roller su\cl! ar ately to maintain and repva.u' he e ngt e
the purchaser al(lleqléllers Such drawings may at t ]: c;; iractor’s
other parts of ¢ eol; orated in the instruction botohe I.8.D. No
qiscr:::lxons‘tbehgfe%f.p All drawings :hfz]aldezliogfo' and date, the
in . h . an
thepContra-ct No. and tg? tg:tf(,)nbract-on The drawmg_s Bh&ll.bﬁ
Item No. and the namo Officer at the time of final inspection

handed tl’obth?ng':i:glfﬁigg him as correctly representing the rollgr
and will be 1 ) ‘ : :

as made and finished.

| 'I;ECHNICAL SCHEDULE—Annexure I

‘T hnical data to be given at the time of tendering:—-
Teo

R s + 1 TR owts.

(M () Weight in working orc .- :,ons ............... cwts
(b) Not weight of empty 1'0”":1;};; """

(2) Ground presure per ineh o Front roller maximum...:..

. ,, minimum......

Hinﬂ Wheels maximum......

minimum......

. . . .)’ . :1’ ........................
(8) Method by which rolling pressurc 1§ varie
(4); Numbéi- of gears and speed inoach

gear on 17 2 FUTPETORP PP ERTLLLLY

. 4 b
, o roller will clim ‘
(6) Maximum grad ide radi'us)'.... ...........................

Siiiericesretathieen ey

...........................
...........

(6) Minimum turning cirele (ou(t;;a ..... i thisknons
teering rollers.........0i%xwrrrer 70 .

(7 ((:)) ]s) ving , whoels........ dig..oeerens wxdth'......:.‘: ......thickness
:rl 4 - SEMA N

PR K] . 3 1 Of fr&me .............................. Pereenaargnan
Des‘ n .and mat’erla i B (0] o . S
tgz ‘Desi:n and material of forecarriage and fork :



-
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(10) Lubrication, method of
' (») Fngine

...............

...................

..-.--------a--u..------.----.. oo
. re

...................
............
........................

o DIESEL ENGINE
(12) Makers

18) Type »
- Maker’s “,Vpe or

: < Mize (code) deseription.
{14) Cylindevs, number, : prion

(%) Cylinders hore and stroke

.................. in, x stroke..............._ Ao

..............................

v TOVA. POr minute,
put at 30 in. mercury 62° F.as defined

in B.8.8, No. 649 BH.P,,,

(18) B.H.P. required to drive the Road Roil .

e fully loaded and ballaﬂted.er Onthe lovel when
(8} Reserve of Engine Power available afte Nowi .
A8 With the roller ballasted and fully loadeq ars, ft?m‘xv)?;t
™ “ture of 125° F humidity 90 per cent altitude 2.000 ft. and

on a Gradient of 1in 5. ¢ : . 3

{30)-Gusranteed consumption of tuel oil in | .
.... noriel ‘working conditions at site. ? Per hour unde
(21) ‘Gotisumption of lubricatin
. .. .nndeFshormal working co
taken fqr recevere(d o_'i.,l); .

( 17) Ra.fed out

.............................

g oil ib per hour

oi in the engine
nditions at gite (n ¢

o credit to be

[‘.‘.‘Jf/.‘.v’,".”- ------ A lb per.hqur
(22) Specifioation of lubricating oiln recommendeg, S

(28) Engine Cooling System Lo
(a) Type
(b) Radiator
(©) Water Circulation. o
(d) Maximum temperature of ('.-o“oli'l‘i'; wat
- the oylinder jagkets when the Cnrine W ving

t engine iy wotk-
ing at t}xe rated output given und»_rs Itemm 1-7.“_

Dreskl Roan ROLLERS - 583

" TECHNICAL SCHEDULE -Aunexure 11

. e e e -, .
% R G S

160y~ Standdrd Wecessorics & Tools.

vil By Contractor, but shall in geneA-

. To be sp(-('iﬁc(l_ i det:
-+t consist of the following:

. . ™ =P Q& ”()(Ak “‘"(l WO k "v“.
I 0 ] % (, ste W lh ;'il-l\ st (l ])(N e
! )I l OX, * (‘l. w1 t

Hammer, fitters’ 14 1b.

ile w' andle. -
.32 inch second cut file w th hanc

L .I-.‘v\(.:()"‘(l <(‘7}lih'(‘l. .
S b 1 P! ‘ 4 ”1 m
. i to dan.. and m.
[P by e . NNers, 0 1. 1 1
e shifting span 4

Y Full set double ended spanners.

m.‘% g.a,]loin can filled with lubricating oil.
:-(}feme AN N e 7 1b.

.- One pint oil feeder.
© T Water funnel.
" ;P(stl‘(ﬂ funnel.

2 gallon galvuniso({ hucket.
R A

- - Asnprted split pins.
& Pineh bar.
; '?’:ir‘('fhlltl:‘h'"n--djust‘in;_r, tools.

- 2 1b eotton waste. o |

“ t.cogs, or suitahle non-slip yt}‘tt.i|ngs in lieu shall be
Frost .cogs, ot ¢ on-slip S

I)r()\'ia:lg?1bif caled for in the contract x(‘he' .

LS SO T

$by ; Spares: i with meices, of he spaze
w‘xu.ﬂ‘ ln,(.aﬂ‘ ptractor shall give a 1t »111\11 prices, of she spaze
P - Lt VOTKINE.
t"nzmcrﬁril\?ﬁiéifd'ml for 2 years’ normal working.
rts rec nd T e R
} Ay M0 N ot

T I A

Lo

18
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Appendix .
LIST OF PARTS No. 1

HE
AD, BRIDGE, FORECARRIAGE and FRONT ROLLS
(Vide Plate IV)

Spec, . ‘ —
No.- Name of Part. ; No. | Manufacturers’
R |  in et Part No.

1. Steering Spindle. o F
2 Head with 3 Bushes fitted: : oo
3. Front Rolls & Axle. 5 oD 2a08
4 Hub for front Ralls, 9 DT 2880
5, Steering Worm case. 1 (’:’DF asean
G. Registration Number Plate, 1 Z DI 24235
. Horse-Trade mark. 1 DH- 134

5. “INVICTA™ Seroll. - ((::D'H' ol

9. Scraper for front Rolls, 9 GgH .

10, Bridge and pivot Pin assembly. 1 (}.Dvil o
o Bridge. : G.D.H. 2360/2
12.  Black Plate for “INVICTA > e
Trade mark. 1 G.D.H. 1345
13. Forecarriage casting. 2 G.D:H' 23820
14. Inner Bearing seal. 1 G.D.H' 23815
15. Front Axle. 1 G.D.H: 23823
}6. Rim for front Rolls. 2 G.D.H. 23824
17,. Bush for frnn§ Rolls. 4 G.D.H. (23826
i8. Pise for front Rolls, 4 G.D.H. 23827
19. Steering Segment. 1 G.D.H. 24211
29. ) Steering Pinion & Shaft. 1 G.D.H. 24212
31+ - Steering Worm Wheel. 1 G.D.H. 24220
29.  Washer plate for front Scrapers. 4  G.D.T, 1377
23. Bush in head for Steering Pinion. 1 G.D.T. 2364

Sy

Dizsgr Roap ROLLERS 735
Spec. N ' h ’ rs’
g%c }( ‘ Name of Part. ijos.et‘ 1Mar;;§:c§_1;ers :

G.D.T. 2367

24, - Fixing}Pin. 1
i &.D.T. 2369

25. Wearing Plate.

26. Bracket for Transfer Weights. 2  G.D.T. 13217
27. Warning Plate, 1 G:D.T. 13430
28, Dowel for Wearing Plate. 2 G.D.T. 21620
29, kocking Screw for front Axle. 2 G.D.T. 23624
30.  Trunnion Pin for Foreenrringe. 2 G.D.T. 23634
31 Locking Plate for Trunnion. 2 G.D.T. 23635
32, (lap for Wearing Plate Head. 1 G.D.T. 23636

1 . D.T. 23637

33. - Nut for Wearing Plate Head.

34 Yetsorew for Retaining Disc. 6 G.D.T. 23644
G.D.T. 23816

ot

35, Retaining Screw for Bearing Seal.

36,  Pelt Washer for Bearing Seal and

Forecarriage Casting. 4 G.D.T, 23817

3% Adapter for Axle Greasc Nipples. 4 G. DT, 23818
38, Vovecarriage Nide Frame complete

with Axle Bearings. 2 (DT, 23632
3. Washer for Worm Wheel. ] (+.D.T. 24236
40. Collar for front Drawlug. 1 G.D.T. 30513
41. Spring for front Drawlug. 1 (..D.T. 30514
42. Locating Screw for front Drawlug ‘

Collar. 1 G.D.T. 30515

43 R. H. Bracket for front Lamp and

Transfer Weights. 1 (.D.Q. 1394

T 44, L. H. Bracket for front Lamp and

Transfer Weights. 1 (+.D.Q. 1395

s, Bush for head—Top, with Setscrew. 1 +.D.Q. 2362
46. Rush for head-—Bottom, with
Grubsorew. i (+.1.Q. 2363



47.
48.

1“.:‘:(1‘{{.&:1_1,639} El’urh 1:‘1\;)%
"Pransféf Weights. 28
"Manufactirers Plate. ‘1

“iReference Plate: . 1
=3t Dia. holes with Threads, 4
= Buck Plate' for Forecarriage Casting. 2
" Felt-Ring for Dust Excluder, 1
. ‘Wearing Plate Head. 1
.. Lover for Head. I
~Retaining Disc for Pivot Pin. 1
Clamp for Wearing Plate Head. 1
- Pivot Pin, 1
- gover, plate for Worm Case. L
Front Drawlug. )|
S BUS.F x 2 fitsing bolts. 56
- i B.S.F. Nuts. . 92
2 dia. Spring Washers. 88
j"BSl‘ x 21" long fitting Bolts. 24
’ 34 B.S.F. x 34" long. g
.:'!f."{B.S.'F. x 6" long Bolts. g
‘ ..g’; B.S.F. x 13" long Setscrew. 4
. .3" dia. Spring Washer. 9
| ;" B.S.F. x 17 long Setscrews, 2
BLB.S.P. x 57 Jong Setscrew. -4
3" dia. Spring Washer, ‘ 13
3 Grub Serew. 1
A Bétscrew. ¢ N P B
Armoured hose §7 dia. bore 2 ft.long. 1
§* Elbow. 1

Tg":._;B ALhVA' .T)N e

R I

- - - e .

Manufacturers’s*
Part No.
¢4.h.Q. 13216
G.D.Q. 13430
G.D.Q. 13431
G.D.Q. 13432
G.D.Q. 23621
G.D.Q. 23625
G.D.Q. 23638
G.D.Q. 23639
G.D.Q. 23640
G.D.Q. 23641
G.D.Q. 23642
G.D.Q. 24229
G.D.Q. 30512
3wWs
2258

"27P8

3Ws
16P8
16P8

18P7

27P7

183

18P8 .
2P,
LO8PS -

18PR

Stand

B.RF,

o .".. A .AA . ' ;
o ' No. ‘L Manufacturer’s
R vame of Pary L set - Part No.
:g(b)c : NM“}’;%}‘, M{ i 1‘ nr set. [ ar
. ’ N 1 B.8.F.
5. 3" buek Nut. Lo
76 T B.SF. X 2" fong Stud. ¥ 7
S e 18P )
1. T4 din, Setscrew. o
78 sn B.S.F. x 24" long Bolt. 8 167 |
. N . . ' | . 10 '
79 1 B.8.F % & long Bolt. 1 1P
o i r6pP7T .
S0, @ BSK. x 33" longBolt 1 o
| o+ (ironse Nipple for Axle. 2 C.
81. Pcatemit Grease Nipp , ‘
No. 3¥ drill
82. 0.120% dia. Holes. -: e
83. ‘Spririg Washer. | l- o
.’ .
NS 18P
85, 3" B:S.F.'x 3" Jong Setscrew. 11 -
- . re . . .l
86 -g* din. tocking Wire. -
‘ ' M 2 D )
pri sher.
87 14" dia. Spring Was i
p 2217
88, & Nut. 12 e
s 2
89, - -Qpring Washer.

f
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LIST OF PARTS No. 2

HIND AXLE ARRANGEMENT
( Vide Plate Vv )

Spec. ! ' -
N : N ‘
&[- ame of Part. inl\n. | Manufacturer's
. e s_ef,iL _Aw_?f"'t No.
L Driving Ring, l N
¢ - o : ("D h] D28
2. Locking Bracket. for Hind Axle N D F. 12532
- ~D.H. 2306

3. Dust G
4. H?mtl(:z:d 2 G.D.H. 125635
5. Hind Roll Rim. : G-D.H. 23089
6. Hind Roll Outer Disc. GDH. 24025
7. Hind Axle Cap. ') (.D.H. 24027
8. Locking pin for Hind Axle. ; G.D.Q. 23033
9. Felt Washer. - G.D.T. 2807
10. Bracket for lubricator. ! G.D.T. 2308
11 Clip for &DT 23059 (on Gear box) ; :.D_"f'. 12533
12. Distance Piece for Guard-Short. ¢ ’G Il)):‘ :2;:4
D.T. 7

13. Distance Piece for Gu
suard-Long 2 ¢
. G.D.T. 12538

14. Connecting Strip for Guard. P) G.D.T

15. Pin for Hind Axle cap. 2 G'D‘rj" 2080

‘16. L;l)::'iigzting Pipe, Final Drive DT 2308

. 2 T 9

17. Lubricating Pipe, Differential .
Shaft Bearing. 2 G.D.T. 23089

18. Horizontal Grease pipe. 1 G.D.T. 24030

19. Clip for GDT 23058 2 S.A.'f‘.. ;0810

20. Rotherham §” B.S.P. union bodyv | Standard
! Sta d

21. Rotherham T4 Brass Tap, wish
Nut & Ni ’
ut & Nipple. 1 Standard.

Drrser. Roan ROLLERS 530
! - .
A Y 2
22 5" B.S.F x 3" long Bolt. 6 16P2
23, 27 B.S.F. x 1}*long Bolt. 4 16P3
24§ B.S.F. x 2}" long Stud. 6 17P5
2. o B.S.F. x 43" long Stud. 2 17P7
2. 37 B.S.F. x 3" long Setacrew 12 18P3
27. 1#B.B.F. x " long Setscrew 2 18P5
2%, & B.S.F. Nut 6 22P2
29. 3¢ B.S.F. Nut. 4 2213
30. 4* B.8.¥. Nut. 6 22Pb
3. 17 B.8.F. Look-nut. 2 23P5
32, %" B.S.F. Spring-Washer. 6 -27P2
33 3" BS.F. Spring-Washer. 16 27P3
34, " BSF. Spring-Washer. 8 27P6
35. an x 4" x 2" long split. Pin. 2 29P8
38. 24" long Key for Hind Axle. 2 38P13
31. 9+ Kingfisher Blued steel oil Jubri-
cator " B.S.P. 4 95P6
1 Standard.

W, " B.8.P. Socket.
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BOOK REVIEW

Traffic Surveys Under Indian Conditions by (. S. Ananta-
P&dmunnb}mn, loads  Organisation, Ministry of ‘T‘_mnspo_rt-.
ublished by the Manager of Publications, Delhi; 1950,
Pp. iij + 75 ;.pu,per hound: Price Rs 2-6-0 or f)~

This
Methody
Methody »
Ndian ¢
®8ch mothod.
While primarily intended for traffic surveys on roads, the
Volume iy sure to interest others—railway officials concerned
With Surveys in connection with proposed railway lines, port trust
Officialy designing yards and clearing routes, economists study'mg
€conomie aspeets of transport, statisticians interested in applyx_ng
Statisticy] technique to transport problems. in fact all those in-
tereﬂted in th study of traffic problems and locomotion in all its
aspects, ’

The book treats  of volumetric surveys of traflic, huﬂ} urban
and rurgl, an origin and destination surveys. It describes the
al or map

Analysig and presentation of data intabular, and graphic

orm, and tojly clearly of the various practical uses to wh.ich
' It gives the method of forecasting

traff?c survey data can be put.
traffic While, at the same time, warning the reader of the dangers
Involved jn drawing hasty conclusions.

handy volume discusses fairly exl'must‘ively various
of traffie survey employed in India and such of the
dopted in foreign countries as arce specially applicable t»
nditions and comments on the merits and demerits of

Till now there has bheen, in this country, no readily nv.allalble
OMpendium  of the various possible methods of carrying ous
brafhie surveys under Indian conditions. This compilation will

Supply this want and form a useful book of reference.

O e



AD NO. 9659

Productive push and
Pull for earthmoving

Use International ;
Tractors and Matched Allied Equipment

You can ask a contractor on the job or we can show you
facts. In any case, pushing with a blade on front or pulling
With a scraper behind, records prove International Crawler
Tractor stamina. .. power ... operating economy.

And this performance is available for every construction,
earthmoving or landclearing project! You can choose from
& complete line of International Crawlers and match your
choice with exactly what you need

in allied equipment. See

VOLKART BROTHERS
(Agricultural Dept.)

(e~ A
| VOLKART
Bombay . cCalcutta - Madras - Cochin . New Delhi
Karachli - Lahore
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DRAINAGE ALLOCATIO

Here is a sure way to save money on small
bridges, culverts and other drainage structures.
Just specily ARMCO MULTI-PLATE Pipe, Arches
and PIPE-ARCHES.

» The precurved, corrugated metal plates are light
in weight and easy to handle. Unskilled labour

quickly bolts them into sturdy, long-lasting struc-

tures. Only a few simple hand tools are needed.

Your completed MULTLPLATE structure will re-
quire practically no maintenance. And if condi-
tions change, MULTI-PLATE can always be exten-
ded, or if necessary, completely dismantled and
re-erected at another location without loss of
material.

ARMCO MULTI-PLATE is especially economical
to transport. Individual sections nest into small,
compact bundles. Write for complete data,

ARMCO \Tf/“ INDIA LTD.

21, ESPLANADE MANSIONS
CALCUTTA.

RONGDONG CROSSING, ASSAM RAIL LINK
ARMCO MULTI PLATE PIPE, 3, GAUGE
Battery of Eight Pipes. Each 120" diameter,

176' long Fill 40'.
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WARSOP

ROCK DRILL

1

T
S il

i
1

ROAD & QUARRY PLANTS

The full range of Pegson machi-

nes includes:

1. Jaw Crushers & Granulators

2. Gyratory Crushers

3. Vibrating & Rotary Screens

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

Apply for details to:—

§ Garlick s Co.Ltd

JACOB CIRCLE. BOMBAY It

The most modern

self-contained One

Man power-tool for

. Stone Quarrying

. Surface Mining
Prospecting

. Trenching for power,
water & sewage lines

. Breaking concrete &
general demolition

BENFORD

CONCRETE MIXERS

n SN

Mixers from S c.ft.
input and 3} c.ft. max. out-
gut to 10 cft. input and
c.ft. output—with Diesel,
Kproagne. Petrol or Elect-
ric drives—available fro
stock. .

max.

Branch Offices:

P. O. Box 168, NEW DELHI.

26, Errabalu Chetty Street,
G. T. MADRAS.

Cox Street, COIMBATORE.

g

HISTA'S.(,-15-8

it

[ GANNON DUNKERLEY & CO., (MADRAS) LTD.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

SPECIALISTS IN DESIGN AND CONSTRUCTIION
OF R. C.C. STRUCTURES, BRIDGES, BUILDINGS,

WATER SUPPLY AND DRAINAGE SCHEMES,

SANITARY INSTALLATIONS, ETC.

*
Registered Office:
14, BOAG ROAD, MADRAS - 7.

« VITOPUS ”, Madras

Telegrams:

88316

Telephone:

L




viii

* 33 you know, asphaty
e3t, fastest and meqg

b way
to buyii
road! v
S Or repgje broken surﬁ:::

ANk

S

PAVING ASPHALTS ® INDUSTRIAL ASPHALTS
CUTBACK ASPHALTS ® EMULSIFIED ASPHALTS
and for technical assistance and advice without obligation
write to:

STANDARD-VACUUM OIL CO

(The Liability of the Members of .he Company is Limited)
Sombay - Calcutta - Colombo - New Delhi - Karachi - Madrss - Rangoon

"

GREAT
SOUTHERN
TRUNK
ROAD 2
.

"WEXPHALTE sg 8
Gr .

. OUT a\

urmah-Shell will be nnical LAIp IN 19

glad to give you free t_ec - the use of Bitumen

. — advice on theé development

for your road
programme.

B0 (incorporated in ‘"‘L’ﬂ

N o : ‘ NG CO. OF INDIALTD.
BURMAH. SHELL DL STORAGE & DISTRIBUTING €0- O
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with AGRICO
SHOVELS

Farmers, miners, railwaymen road-
builders—they all prefer Tata Agrico

"" SR SR T

2 Waterbound macadam._, m:i;."t ’3 t. 45'
( ;0@1
’. Adequate soling.____ 4 ‘.“ N ‘. all pr
%' ! g Shovels, Manufactured from special high carbon steel
‘. Stable formation. ’ ® these shovels last much longer - - - that's why they're
- “ — 493z -‘ A R cheaper in the end! Superior design makes them easier to
. /'7.7 ? rx-/\ ‘\/\-_-h~ p P N
¥ : = E.\‘\"I’H-I“\ = =1=) handle . . - that's how they save time and labour!
N N L CO IMPLEMENT
biomay uy o TATA AGRI S
07 v
“Wilw
A 4//%//4%%%/ /// I v Branches at: BOMBAY, MADRAS, KANPUR, JULLUNDHUR,
C NAGPUR,  VIZIANAGRAM  SECUNDERABAD.
BUY AGRICO FOR ULTIMATE ECONOMY !

et TAR PRODUCTS

YURNER MORRISON & Co,LTD.

8, Lyons Range, Calcuttay ( l935 ) Ll MlTED

A

e
« -~ - -
-
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'BETTER ROADS

BETTER BUILDINGS
AND AN OUTSTANDING ECONOMY!
ENSURED THROUGH
BLACKSTONE’S STONE MATERIALS

® STONE CHIPS.FOR
® REINFORCED CONCRETE
STONE METALS - FOR
ROADWORK

® STONE CHIPS-FOR PRECAST
® CONCRETE WORKS BLOCK & BUILDINGS

STONE SAND - FOR
MAKING HOLLOW BRicKsS

TRADE ENQUIRIES 70 .—

BLACKSTONE PRODUCTS, LTD.

59-60, STRAND ROAD, CALCUTTA.S.

Gram : ** BLAPROLD Phone: BB-2252

" As in natural desicn,

MILLARS’

MACHINERY
Coucrete Mixers—Tilting and non-Tilting

Asphalt Mixers—for Hot and Cold Mix.
Roller Pan Mixers—ifor Mortar.

Diaphragm Suction Pumps for effoctiye 1it up to 25 {t,

Self-Priming Pumps (o handling  Seopage at lowest
possible cost.
Tower Holsts {or speedy construction.

Complete Wellpoint Pumpiﬂg Equipment {or (]metering-—-—
the only successful mothod of combating running sand.

TIMBER
HARDWOODS - SOFTWOODS - PLYWOQOODS
MILLARS’ TIMBER & TRADING CO., LTD.
(INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 27.

Telephone: 41077 Telegrams: JERRAM
Branches and Agents throughout the World.

Types.

so in human accomplishment

struction
" the perfect solution to 2 problem of comlsterLttloe
1s developed by trial and crror from the prototype.

i ro-
(@ he development of Wheeled Locomotion h;;s ;;nd
/ > ‘ r
duced che perfect form of road transp;)ose d
' suit its pur -
' . of road to suit i ) ‘
e perfect type © s ose — 2
gilqhxi\)"ly that is built on foundations of con
\ reinforced with

will carry

ction
road constru

d of ¢ over any ground,
?

I serviceable strength
ch negligible main-

+ » R O

1}).0 other meth > i

 any wheel load, however gre:
| 5 ojve suc

however soft, and ¢ uch
and rcsistancgm”r_L_)m_;\_v_car at s

‘ T tepnance COsts.

Qole Agents’

GRESHAM

HEATLY &

LIMITED

{NCORPORATED TN ERGLAND

ESTABLISHID 1892

p. O. Box 228
PO, Bux 228 M ADRAS
.0, Box 180 BOMBAY pP. O. Box 46
CALGUTTA . 656 At
i ‘ i, 0, Box LAHORE
L-13, Cnnn:un:hﬁ”(’;”.'”b KARACHI
NEW DL




FOR

* RoAD ROLLERS.
% STONE BREAKERS.
% GRANULATORS.
% DIESEL TRACTORS.
% CONCRETE MIXERS.
% CONCRETE BATCHING PLANT.
% CONCRETE SPREADERS AND FINISHERS
% EARTHMOVING MACHINERY

ETC.,, ETC.

CONSULT :—

MARSHALL SONS & Co. (India) Ltd.
CALCUTTA, BOMBAY, MADRAS, NEW DELHI.

maintain
w is Economical to I8y and

- 1din
a is Safe being immune from Skld-d.l 1;gt

Jde
u is Dustless, Durable and Rest

-ust INDIAN ROAD TAR oniY

L & PHARMACEUTICAL WORKS LD.

BENGAL CHEMICA Y

C
94, CHITTARAN)AN AVENUE,



BITUMULS

COLD BIT AN I
BITUMEN EMULSIONS REQUIRE
NO HEATING

““ Direct From Drum To Road ”’

For construction of
ROADS
FOOTPATHS
ASSEMBLY AREAS
RAILWAY PLATFORMS
AERODROME RUNWAYS

S
Spray pum '
y p psf and ex-service supervisors provided
ree for all major works

Full Particulars and Technical Advice from :(—

BITUMEN EMULSIONS (iNDiK) LTD.

Head Office, Factory & Lab
) « oratory:
7/1 HIDE ROAD, KIDDERPORE, CALCUTTA

PAKISTAN FACTORY
LAHORE CANTONMENT.

Telegrams:— BITUMULS.

:::;’:;: the machine that has caught

all o ention of roadway authorities
b Ve the world thc P& Single
a38 Sail Stabilizer.

:;3“:“5‘“9 an admux with the very
ever ver which this machine pasies.
icq;y step in soil stabilization is
road\’ate)y Fontrollcd . assuring &
last (01 uniform high quality to

or years with a minimum of
Maintenance.

SINGLE PASS
STABILIZERS

' Main Offices and Plant:
Miiwaukee 14, Wis., US.A
HARNISCHFEGE
e e

L'uubhshv-?m 1884

pan DISTR

PASHABHAI

Construction House

e result

This amazing machine, th
years' developmem. 18

way funds go further=
oads at lower

of many

pringing fine new I

costs to people in many secthons

of the worid.
&H Soil Stabilizer

r can give

investigate the P
now. Your P&H pistributo
u complate informalion.

yo!

JBUTOR
PATEL & CO.

LTD.

. Ballard Estate - Bombay




AViil

THE BRAITHWAITE BURN AND JESSOP

CONSTRUCTION COMPANY, LIMITED
P.13, MISSION ROW EXTENSION, CALCUTTA

ENGINEERS AND CONTRACTORS

GENERAL ENGINEERING CONSTRUCTION
‘ INCLUDING
BRIDGES, JETTIES, PIPE LINES, FOUNDATIONS,

ETC.

Sole Licensees in India for

FRANKI COMPRESSED CONCRETE PILING
AND

“SCREWCRETE” FOUNDATIONS

xix

e YT
S i PR

0-feet, two of

het, T span of 24Pieu.

Surma Road Bridge o' Sy,'fcel on Cylinder

100-fost and 17 of 40
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WNEWEST, GREATEST AND FASTEST
LITTLE MIXER O THE MARK T/

{Ning-Nontilting
|\ aok Jaoks'

. )!I Jucks s Co. Ltd.

® BOMBAY @ MADRAS

—
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