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

discussions in its Proceedings.

INDIAN ROADS CONGRESS
NOTICES AND ANNOUNCEMENTS
NEW ADMISSIONS

LIST OF THE MEMBERS OF THE INDIAN ROADS
CONGRESS ENROLLED FROM 21-6-1950 to 12-8-1950,

Serial
No.

Roll
No.

Name Address

1375 1519 R, M. Parikh  Assistant Consulting Surveyor to
the Government of Bombay,
Town Planning & Valuation
Department, Girdhar Buildings,
Lal Darwaja, Ahmedabad.

1376 1520 8. S. Gill Assistant Engineer, Fatehgar Sub-’
Division, Sirhind. (PEPSU).

DEATH

The Council have received with regret, the intimation of the
following death :—

Roll
No.

Serial
No.

Name ’ Address

1 923 Shri Abdul Executive Enginee?, Central

Jabbar . Division, Patna. \
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1. INTRODUCTION,

L.1.  The old Dufferin Bridge across the Ganga at Banaras
provided for a single broad gauge track of the East Indian Railway
and a single lane for the traffic on the Grand Trunk Road at the
same level as the railway track. The bridgo was opened to road
traffic only at intervals as both the railway and the road traffic
could not pass over it simultaneously. Every year, after the rains,
a pontoon bridge was erected 1,200 feet upstream of the Dufferin
Bridge to relieve congestion of the road traffic on the railway
bridge. The pontoon bridge could not function throughout the
year a8 the river level rose from 30 feet to 45 feet during the
monsoon between July and OQctober. During this period the
pontoon bridge had to be dismantled and all road traffic was
diverted to the Dufferin Bridge. This often meant long hours of
waiting for such traffic.

1.2. As both railway and road traftic tended to increase
rapidly from year to year, the problem of handling its ever
increasing volume, especially during the monsoon, became very
gerious. The stcel work of the old railway bridge had also
deteriorated in the coursc of time and required replacement,
Regirdering of the bridge thus became an indispensable necessity
and, realising this fuct, the Railway Board sanctioned a scheme in
1439 which provided for two-way road and raj) traffic on separate
decks at a cost of about Rs 80 lakhs. Of this sum, the U. P,
Government agreed to contribute Rs 28 lakhs to cover the
additional cost of providing a roadway over the bridge.

1.3, The work was, however, postponed on aceount of World
War 1T and was actually started in October 1945, The recon-
structed bridge provides for a double-lino of railway and an
independent roadway takes overhoad. The entire work of
regirdering was carried out by the Railway without stopping train
traffic even for a day. The roadway consists of g 25-ft wide
cement concrete carriageway for vehicular traflic to take I, R.C.
Class AA Loading plus 34 ft wide footpaths on either side for
pedestrians,

1.4. The bridge was formally opened to railway traffic in
December 1947 by the Hon'ble Pandit Govind Ballabh Pant,
Premier of Uttar Pradesh, and renamed the ' Malaviya Bridge .
The work of completing the roadway was held up for various
reasons. It is still not complete® in all respects hut traffic was
allowed to pass over it with certain restrictions from the 15th
June 1949.

1.6. The regirdering of the Malaviya Bridge by. the BE. I.
Railway engineeis has received, as it deserves. countrywide

o e e v et e - P — e .

®  Written in Auzust 1940,
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appreciation. The work of constructing approaches to the bridge
for road traffic by the Buildings and Roads Branch of the Publio
Works Department, Uttar Pradesh, although not so spectacular as
the work done by the Railway. was nevertheless of considerable
magnitude and importance and presented a number of interesting
and difficult engineering problems. The scarcity of essential
building materials such as steel and cement and the riging cost of
manual labour had a vital effect on the design and method of
executing the work,

2. STEAMER FERRY SERVICE.

2.1, The first problem which confronted the Department was
the organization of a ferry service for road traffic during the
monsoon since, although rail service was never interrupted during
the regirdering operations, it was not possible to favour road
traffic in the same way. In fact, when the E. I. Railway started
regirdering work in October 1943, the bridge was closed to road
traffic and remained closed altogether for three years, the period
required for completing the regirdering. The Uttar Pradesh
P.W. D., were thus faced with the problem of carrying all the
Grand Trunk Road traffic across the mighty Ganga in flood by a
free ferry service. The difficultios of the problem were enhanced
by the following factors :—

(a) The volume of traffic was the largest ever ferried across a
major river in the U, P.

An idea of the daily traffic crossing the Ganga at Banaras
during the rains can be had from the following traffic census
taken on the Dufferin Bridge shortly before the war brought
heavy traffic on it:—

1. Foot Passengers. 10,000
2, Bullock carts. 150
3. Motor cars and Lorries. 80
4. Bicyecles. 1,000
6. Ekkas and T'ongas. . 100
6. Cattle. 150

Motor traffic increased very rapidly during the war and was
estimated at approximately 100 per cent more than these figures
when the ferry service was inaugurated in 1945,

(b) The existence of the Dufferin Bridge near the site of the
ferry created disturbances in the current of the river
making navigation dangerous on the upstream side.



2
10 SiNHA ON

-Ae) z‘ll_llerq were rapid and fre
- e river making it i i . .
ments for Taod: ggl impossible to make any fixed arrange-.

© 2.2. The st . . . .
betow i eps taken to cope with the situation ard desoribed

quent variations in the level of

. 2:2). The ferry was i'un ring ¢ Y “
1946 and 1947 with the followi?lllgcfie\éziu;gfg‘:ling the» ‘nllqnso'fin Of
(i) Two steamers—S. 8. Naraini
: ~S. 8. aini & R, j

was adouble-fiecker surveyed for chyi%?'%(')r e o
8}?;%2?2 h;:mg overtz:ll dimensions of 90 #¢ I;Iy?asls;?t.

. X was i i :

s Tew m:nvrvlezelbdnven vessel with an engine.

S. 8. Ram Raj was a lj 51'1.1& no oo Tenteen. The
. Ra g one- '
o carrying 150 passengers vgith oggrg.'lelcfl?l‘)’l i o

ft by 14t by 14 ft. This was a screw ensions. of 53

with an engine of 3: driven vessel
elevon. gine of 32 H,P. and manuned by a crew of

. (i) Two steel flats with overall di

it by 14 ft each carrying 200
by six manjis, and ‘

mensions of 60 It:b&' 18
passengers and manned

(iii) Several large size boats, 60 ft b
size boats, 35 ft by 15 ft ea
manjis and suitably planked t

y20 ft and five medium
ch boat’ma.nned by six
0 carry vehicular traffic.

222, Two steamers were obviou
sly necess inni
the ferry ’758“1&1‘1}’ and efficiently. Oneysteamera:gulcflogl runoing
relied on to be in action when the other broke downWays be
undergoing periodical servicing. The flats were attached ?;l(‘) vzﬁs

< . e

steamers during the peak hours of t i

. . | raffic in th i
evening. Vehicular traffic, including large trucks ewzo;;ung ?:nd
on the boats which could be rowed across ¢ y so taken

or attached to the steamers when the river l;:a:ivsrﬂl(?:c]ependemly
2.2.3. During the rains of 1948

replaced by a petrol tug of 300 H.P. r one of the steamers was

un departmentally,
2.2.4. Thesite of the ferry, i . ‘
: . rry, in relation t i
pontoo brdge snd tho Dufri B, un b s on ke i
when tlz - During the early and lato stages of the monsoon seal;on :
station c?n igrr%nt n the.nver wag not very strong, the landiné'
(® oint B on I%at:nl?r%su :xd; hwa,sulloca,t.ed near the po’ntoon bridge
4 ) ent 1 : g
station was shifted to the mouth o? trﬁzef;ﬁ"'s in flood, the landin

i S na to avoid the risk ©
the steamer striking againat a pier of the Duﬁorinnl‘;:‘)ildg& ' |

Maraviva DRripee Aprprr ACHLES 211

9.9.5. The landing on the Moghalsarai side remained through-
out at point C near the Dullerin Bridge on the downstream side.
There was no suitable landing ground between the Dufferin
Bridge and the Burna junction on the Banaras side on account of
the height of the bank on that side. New ferry approach roads
had to be constructed on both banks to join the ferry to the Grand
Trunk Road.

296. A total rise of about 40 feet from the low water level
of the river to its high flood level bad to be provided for in the
design. Apart from this, a sudden risc or fall in the level of the
river, as much as 10 feet within 24 hours, was not an unusual
happening.  Any fixed arrangements for lanling were, thercfore,
out of question. Parts of the pontoon bridue were used to provide
approaches to the steamer and they served the purpnse excellently.
The position of the landing could bo adjusted within a few hours
as the lovel of the river varied. Even the heaviest tracks were
carried to and from the boats with case and speed.

22.7. The efliciency of the ferry scrvice was universally
commended by the travelling public who rsed it for three years.

3. ALIGNMENT OF APPROACHES.

3.1. "Tho roadway on the main bridge has been raised 22 feet
G inches above the old level, necessitating new approaches to the
bridge, 2,005 feet long on: the Banaras side and 2,510 feet long on
the Moghalsarai side. A uniform gradient of 1 in 3) has been
provided on both the approaches and, in order that this gradient
should not bo excecded, a loop had to be provided on the Banaras
side between the railway under-bridge and the Malaviya Bridge.

39 The road lovel at the unde-bridze could not be raised
48 the overhead clearance could not be reduced below the existing
winimum of 14 feet 6 inches. The old alignment had, therefore,
to be abandoned and a new aliznment adopted to obtain the
required length of the road with a gradient of 1 in 50, The align-
ment on the Moghalsarai side follows the old embankment.

3.3. The approaches are 40 feet wide at formation level with
a 25-ft B.T. (surfaced) carriageway and two 73 ft wide footpaths.

o)

4. ABUTMENTS.

4.1, Masonry abutments, 22 feet high, have boen constructed
at the ends of the Malaviya Bridge to suppert the joists of the end
«pun-off’ spans of the upper (highwav) deek and to retain the
earth filling behind (sec Photo. No. 1). The problem of construct-
ing heavy abutments was not an easy one as they were founded on

2
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Phot ograph 1

A View of the Moghalsarai Side Approach.®
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RETAINING WALL ON THE BANARAS SIDE
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Phot grapl 2.
The Kashi Side Approach.

of 6;.bays of 50 feet cach with a half inch clear space between
the adjacent bays. The soil on which the wall stands is not firm
a8 it (the soil) contains much debris from old ruins and every pre-
caution had to be taken to safeguard the stability of the retaining
wall. Construction in small bays of 50 feet length was adopted to
localise any crack from subsidence of the foundation. It was
originally contemplated to provide a reinforced concrete raft
foundation to reduce the maximum intensity of pressure ou the
base but, on account of the shortage of cement and steel, the idea
was abandoned. The retaining wall has. however, been suitably
buttressed and the maximum intensity of the pressure on the base
was thus reduced to about 0.8 ton per square foot. Details of the
retaining wall arc given in Plate TIT. The calculations are in
Appendix IIT.

6. EARTHWORK ON THE MOGHALSARAI SIDE.

6.1, The earthwork on the Moghalsarai side was the critical
test of success because of the following special problems : —

(a) 'The quantity of earth filling exceeded 75 lac cubic feet
which was rather a large quantity for a short embank-
ment of about half a mile,

(b} The old embankment was already 40 feet high near the
gate of the Dufferin Bridge and it had to be raised
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These rates were settled with one contractor on the basis of
the lowest tendered rates. The quantity of earthwork being
nearly equal in each of the three groups, the average rate for the
whole work came to Ra 39 5/- per thousand cubic feet.

7.9. The work was started in February 1947 and about
15,00,000 cubic feet or approximately 20 per cent of the total w;.s
done up to July 1947. This was mainly in the first group. In
July 1947, however, the contractor found that he was suffering &
huge loss and, on the basis of the experience that he gained on
this work, he put up his demand as follows : —

' New Rate demanded
G§)$1 P Original rate g; the Contractor

! - ,__'A__,_-—,_‘.,——w—————_'

1 ] Re 50.0-0 per 1000 cu. ft, . Rs 112 per 1000 cu. ft.
11 37-8-0 do. o, 102 do.

1"

nur ., 30890 do. by 19 do.

Thus the average rate demanded by the contractor v.vorked
out to Rs 95-11.0 as against Rs 39-5-0 per.thousand cubic foet
originally settled with hira. This was obviously very high and
fresh tenders wers invited in November 1947. The lowest tender
received was at Rs 70 per thousand cubic feet for the whole
work. Even this was 78 per cent higher than the original rate.

7.3. As the contractor had taken approximately six months
to oarry out only 20 per cent of the work, it was considered
doubtful whether it would be possible for him to finish the work
within s reasonable time in spite of his being granted enhanoed
rates. At one stage it was seriously contemplated to abandon the
earthwork for a length of 1,000 feet from the highest point and to
carry the roadway on & sort of viaduot. The 1d9a of a viaduot,
however, had to be discarded owing to the scarcity of steel and
cement.

8. DIRECT LABOUR.

8.1. Considering all the above points, the only alternative,
though a very difficult one, was to do the work departmentally.
The Chief Engineer finally ordered the work to be done by depart-
mental labour and the results achieved confirmed the wisdom qf
this decision. The average rate for earthyvork came t0 approxi-
mately Rs 52 per thonsand cubic feet which was about 25, per-

3
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8.4.6, The cost of earthwork done by lorriea came to Rs 52
per thousand cubic feet. The details of the staff employed on the
fleet of 18 lorries, the working cost of a lorry per day, and an
analysis of the rate of Rs 52 per thousand cu. ft are given in

Appendiz I, which also gives the wages of labour prevalent at
varioua stages of the work,

8.4.7. The lorries served a useful purpose in consolidating to
some extent the freshly laid earth.

8.5, Work by Headload.

8.5.1. Work by headload was done in so
embankment because, firstly, in certain condit
cheaper than lorries, secondly, there were not enough Jlorries to
maintain the required progress of the work, nor enough working
space for lorries even if they had been obtained somehow: and
thirdly, the labour which became idle when lorries broke down
was kept employed usefully in this way.

me portious of the
ions this agency was

8.5.2.  About 25 lakh cubic feet of earthwork was done by
headload, The maximum strength of Jahour employed on head-
load work was 600 and the average for 12 months was 300 per day.
8.8, Work by Donkeys.

8.6.1. A very useful contribution to the progress of ¢ k
was mede by donkeys who counld travel by mgtes diﬂicl:!’tw:;d
risky for human labour. Only about 6 lakh cubic feet of carth-
work was, however, done by this agency. ‘

8.6.2. The maximum number of donke 8 e

work was 120 and the average per day was GOyfor :?11) kg:gth:n t};:
it was very difficult to supervige their work, all sarth moved b
donkeys was paid for on a task basis at the same rates whicgh wer{z
allowed to petty contractors for work by headload. The rates of
earthwork by donkeys varied from Re 40 to R 60 per 1000 cu. ¢

9. LORRIES VS. MANUAL LABOUR.

9.1. Looking at it from & general point
seen that the labour and time takey for 1
earth into lorries are the main factors in th
done by lorry. A slightly greater lead an
much difference to the cost
lifts. work by lorry will defi
leads and lifts, headloads shoy

of view, it will be
oading and unloadip
& cost of earthwork
; d lift will pot make
?:31 th}erefore, for bigger leads and
tly Dbe economipal.
Id be economipal. Yor shorter
9.2. Thegraphonthe

next page pi .,
of earthwork by lorries and b,Is)’ iifé?ﬁZS,eomparatlYe idea of the

¢ abciran indicutne
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lead plus lift, taking a lead of 100 feet to be equiva!entf:oo?é:;f:t gf
five feet. The ordinate shows the rate per 1000 cu. ft of carth
work. From this we find that up to an overall lead ll)) us ity o

gay 12 units, work by headload is economical whereas beyo )
wark by lorries is economical.

*

Graph Showing Rates of Earthwork by Lorries
and Headload or Donkeys at Malaviya
Bridge, BANARAS.
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10. SOIL ANALYSIS.

10.1. No soil analysis was carried out before starting the
work or during its execution but a few samples of soil have since
been analysed. The resulte are given in Appendix II, It is a
pity that acourate measurements of settlement were not taken
during this period and asco-relation of settlement with the classi-
fication of soil is not possible now.

11, A USEFUL DEMONSTRATION.

11.1. The successful completion of earthwork by depart-
mental labour has been hailed as *“a most cseful demonstration,”

of direct working when contractors begin to demand unreasonably
high rates.

11.2. The high embankment on the Moghalsarai side wase
soverely damaged during the rains of 1947 and 1948 while under
construction. The problem of protecting it during the rains of
1949 after its completion caused anxiety. The permanent measure
provided in the estimate is reinforced brickwork saucer drains but
they could not be constructed as the sides of the embankment had
still to settie and become stable. Empty drums of tar and
bitumen cut into two were found very handy for temporary drains.
Their top and bottom covers were removed and they were out in
two halves longitudinally and joined together by small (1 inch by
} inoh) bolts. Such drains were also conatructed 100 feet apart to
carry the rainwater from the drains on the top of the embankment.
The tar drum drains have proved to be very effective and no
gerious out of the embankment has so far (August 1949) been
observed.

11.3. One and a quarter inch mild steel pipes fixed to rein-
forced concrete posts, 3 ft 6 inches high and 5 ft apart, will
provide railings on the retaining wall on the Banaras side and on
the embankment wherever it iz 30 feet or more in height.

12. COST.

12.1, The entire work of constructing the approaches to the
Malaviya Bridge has taken three years to complete at a cost of

. Re 11 lakhs, including Rs 3% lakhs for the free steamer ferry
service during three monsoons.
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Appendix I,
ANALYSIS OF RATES.
1. The following staff was employed on 18 lorries 1~

Rs. A. P
0

(1y Traneport Supdt. 1 No. @ 160 p.m. 180 0
{2) Unit Managers 3, , 15 345 0 O
{8) Unit Mechanics 3 ,, 115, 345 0 g
{4) Asst, Mechanics 3, . 65 4 195 g o

(5) Unit Cleaners 3 , ., 60 180

{6) Drivers 18 ,, , 64 1,162 0 0
(7) Cleanere 8 ,, , 48 , 864 00
Re 3241 0 0

241
Expenditure on staff per lorry per day= s%;a—gsm 6

2. Analysis for the minimum charge of Rs 20 per day per
lorry:
v (1) Steff (see above) Rs 6 O O perday
(2) Petrol 2 gallons @ 2.4-0 for
134 wiles per day on average, 4 8 0 do.
(3) Lubricant 1/8 gallon @ 5-0.0 s 010 0 do.
(4) Changing tyres, etc. ,2 0 0 do
{5) Depreciation Z per cent of
cost per month. i.e.,

2 10,000 da L 611 0 do.
100X 30 P y ;

Rs 19 13 O perday
Say Re 20 O O perday.
3. Analysis of cost of 1,000 ou. ft earthwork by lorries:
{1) Loading:
2 lorries making 9 trips per day and
oarrying B0ou. ft in each trip carried

1,620 cun. ft of earth st acost of Re
35-4-0.

Cost of loading 1,000 cu. ft 2112 ©
(2) Charge for lorry 1,000 ca. ft

1,000 x 20
- eTo— 2411 0
{3) Charge for idle days 20 per cent
of above 500
(4) Maintenance of roadway for the
lorries, watering, eto. 0 9 0

Rs Emper 1,000.
ou. 4,
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This rate of Rs 52 per 1,000 cu. {t for earthwork done by
lorries was almost uniform irrespective of lead and lift.

4. Rates of Departmental Labour employed on work :

(1) Mate Rs1 4 0 perday
(2) Beldar or adult male labourer 1 0 0 do.
(3) Coolie (woman labourer) 0 10 0t0 0 12 0 do.

Almost within a week the above rates had to be increased by
two annas per day for the mates and beldars and one anna per day
for the coolies. After two months, when the harvesting season
arrived, the rates had to be increased as detailed below: =

(1) Mate Rs 1 8 0 perday
(2) Beldar (man) w 1 6 0 do.
(3) Coolie (woman) » 015 0 do.
(4) Boy or girl » 0il4 0 do.
(5) Donkey » 2 0 0 do.

Most of the work was carried out on the above rates of labour
although the maximum rates paid on the work were:—

(1) Mate Rs 110 0 per day
(2) Beldar (man) » 1 8 0 Jo.
(3) Coolie (woman) » 1 2 0 go.
(4) Boy or girl » L 0 0 go.
(5) Donkey » 2 8 0 do

Appendix II.

SOIL ANALYSIS OF THE SAMPLES OF APPROACH ROAD TO MALAVIYA BRIDGE

(MOGHALSARALI SIDE)

MALAVIYA BRIDGE APPROACHES
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Appendix IIIL Height of application of P from bottom
(1) Calculations for Abutment on Kashi Side. =2~i—3§‘
1
' : . _2143x46 21
ROADWAY fo—— 10—+ 4 +e— ' —sl g anway =211-2x48 %73
! SPAN =8.2 ft
/] - Weight of earth filling at heel =4x%x10x21 x 100 =10,500 1b.
Weight of inner masonry =3x10x21 x120 =12,600 ,,
Weight of masonry =4x21x120 =10,080 ,,
w P Weight of outer masonry which
/ exists for half the length of abut-
N ment only in alternate buttresses =3 x 3 x 21 x7x120= 4410,,
@ i / Total weight W of the abutment per foot run =37,690 ,,
G /1% 7/I/ “ A _ LEVE 3N Point of application of W from the heel ‘
gt ro- e i TTHLTT LT _ 3 x10x10500--3 x 10 x 12600+4-12 x 10080+l‘6%x4410 fb.
© - 37590
F-d
] =8.3 it
_L =
3 R LRI 4 S T :_:, The distance of resultant R from the heel
‘N °9°__q2, 0o _: 0".-6 0 08" X o-“o.a__ “o‘_ 0 P
YoM o4 0'— | =8.3+82x
Height of abutment, h =21 ft ~8.348.2x% ;gggg
Length of abutment =32 1t 6 in.
: =10.6 ft i.e., the resultant passes very nearly through the
Equivalent surcharge &, due to two middle of base.
70-ton tanks per foot rum of
sbutmont - M0x2200 ;
‘ 32.5 x 21 x 100 Load on Foundation.
=4.6 ft of earth weighing 100 »  Weight of foundation concrete =36 x24x2x130
L | 1D, cft. v ~224,640 1b.
Total oarth pressure P at the back =ix l+s 2 XWX (h+2h,)x b Weight of hollow masonry box
o 3 approximately = (32.5 x 22l>g 8- 6x3.5x6x20)
i =i><1+;x100x(21+9.2)x21 x 120
= 384,000 1b.

=10,500 1b,
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Weight of abutment, =37590x 32.5 =1,222,000 1b.

Weight of earth filling at sides =2x24X1§x (8412 1) % 100

= 155,400 1b.
=36 x1x29x% 100

= 104,400 1b,

Waeight of earth filling at the back

Weight of earth filling at the front =36 x1 x 8 x 100

= 28,800 1b,
Weight of roadway =32.5x 15 x 110
approximately = 53,800 1b.

Weight of roadway over the Rail.

way 8pan =326 10x 150 approximate-
ly, span being 20 ¢,

=48,800 1b.

Weight of surcharge due to two
70-ton tanks

=32.5x% 15 X 4.6 x 100
=224,200 b,
Total weight of foundation =2,445,800 )b,
Weight on foundation per sq. ft,
10 ft below the ground leve] =2’445’890
36 x 24
=2,831 1b.

Equivalent weight per 8q. ft at the
ground level =2831-10x j0g Ib

=1,831 1p,

=0.52 ton—whioh jg
ery near-
l{ e(%l\lml tof 08 ton Iy;er 8q.
. © safe 3 -
8ure of goi) bearing pres
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(2) Calculations for Abutment on Moghalsarai side.

P oADwAYR——10 — 4'_+,— 7" —{ranway
SPAN
-~ o
[
l @ ‘/’//
OSSN /77/)///.%, 7/ R
HRRERL fo et gee cpls s e e T
|
e
.9 i

L \ U J J U VY
o \Nax o
~- 8 DIAM  SAL BALLIS 1=6 CENTRE T
CENTRE.
i si structurs
Abutment on Moghalsarai side l.ms the _same super:
a8 on the Kashi side bgut the foundation consists of 2 feet cement

concrete over G inches diameter sal-balli piles, 18 ft long and
driven 1 ft 6 inohes centre to centre.

Load on Foundation

Weight of foundation concrete = 36 x 24 x 2 x 130 = Z;,g(())g Ib.

Weight of abutment = 375690 x 32.5 =1,222, »
i i t the

W::g:: of earthfilling a =2x24x 13 x %24 x100= 88,200 ib,

Weight of earthfilling at back =36x1.5x21x100 = l;i,:gg ”

Weight of Roadway at back =32.5x15x110 = ) ”»

Weight of Roadway over railway span, approximately= 48,800 ,,

i £
W:;?xlll:ts’ due to surcharge o =32.5%x15%x4.6x 100 = 224,200 ,,

= b
Total weight on foundation 1,974,800 |
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Weight on the base per sq. ft = le@)
1g per Bq 36 X34 1b.

= 2,286 1b.
Equivalent weight per 8q. ft at the ground level = 2286 —9 x 100

=20861b="93 ton-

As the permissible load on the soil was only 0.8 to ft

8 in. sal balli piles, 18 ft long and 1§t 6 ip, cey;xtre to l:se};ftr :q;weté
driven to take up the load. o

Load on one pile =FX§X1=2.25 tons
Safe load on each pile being = P
2wk,
= 8+T ons

where w = weight of monkey in tong

h=fall of monkey in f j (l'(.)‘u)fzon
8 =penetration of pile in the last blow= 3 inch
P=2%-2x10 :

341 =2.9 tons which is safe

(3) Calculations for Retainiug Wéll on Kashi gj
near the abutment end, ' eide

&

=63} ¢ |
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Retaining Wall on Kashi side 300 ft in all was constructed' in
panels of 50 1t cach, maximum height near the abutment being
.7 ft and minimum height at the end being 14.7 ft.

Average height of retaining wall in the Ist
panel, & =20.2 ft say 20 ft

Length of retaining wall =50

Equivalent surcharge b, due to only one tank=---:

= 1.6 ft say 2 ft as the other tank of earth weighing 100 1b/cft.
will be at a distance of more than 20 ft from the retaining wall
and will exert little pressure, 20 ft being the height of the
wall.  The retaining wall carries a raised foot path of 7 ft -
6 in. width and the roadway is behind it.

Total earth pressure at the back
—~s8in ¢
--8in ¢

=}x~;~_:-;>< 100 x (2042 x 2) x 20 1b.

. =28,000 Ib,

—x) x 0% (h+-2h ) X b

Point of application of P from bottom

_M-3hy A

k428, *3
2048 20
20447 3

=7.2 {t.

Weight of earth at heel =3x8x20x100= 8,000 lb.
=3x8x20x120= 9,600 Ib.
Weight of masonry =83x20x120 = 7,2001b.

=3x20x §x 120= 3,600 Ib.

Weight of inner masonry

Weight of Outer masonry

which exists for half the length of the
retaining wall in form of buttresses.

Total weight W of the retaining Wall per ft run = 28,400 Idb.
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Point of application of W {rom the heel

8000 X §--9600 fif+7200 X 4-+3600 13

=TT UTTUsgae0 T
=6.6 ft.

The distance of resultant R from the heel

8000 x 7.
_66+- %X7.2=6.6-F— 28;:)02—‘66 ft. i.e, the resul-

tant passes very nearly through the middle of base,

Weight on foundation.
Weight of foundation concrete =19x2x%x 130

= 4,940 1b.
,,  masonry slip =1Tx1§x120 = 3,080 ,,
” retaining wall per ft =28,400 ,,
»  oarth filling at back & front
1 x(2134-13) x 100 =23x 100 = 2,300 ,,
Equivalent weight due to surcharge

of tank =12x2x100 = 2400 ,,

Total weight on foundation per ft = 41,100 )

Weight on foundation per 8. ft. 3.5 ft below ground leve] ~41,100

= 2,163 1b.
Equivalent weight at the ground level per 8. ft = 2163~
3560 1b.
=.81 ton.
-ch . 1 . .
z'}:;k:soilr.' very nearly equal to .8 ton per 8. ft permissible on

(4) Calculations for the Retaining Wall at the end away

from abutment.

Avera.ge height of Retaining Wall in
the last panel

=152 ft say 15 #t
Length of retaining wall. y

=50 it
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FOOT PAT ROADWAY
T5 1

e o 30} 5

Equivalent surcharge h, due to one
tank of 70 tons weigl.t.

70 % 2240

=211t

= FOx15%x 100

=8ay 2 ft of earth weighing

100 1bs/cft.
Total pressure at the back

P=}x 1~ sm¢

h
l+m X W (b 2h0) X

—px it 15 1b.
}x 2 % 100 x (1642 x 2) X

=4750 1b,
Point of application of P from bottom
h+3h, b 154+3x2 15
= Ao, X3 mrexe
=B.5 ft.
Weight of earth at heel

. » Iinner masonry

=% x5x 15 x 100 = 3750 1b.
=3 x5x15x120=4500 1b.
’ » INASONTY =8x16x120 =54001b.

»» outer masonry =% X l5x-;x 120 = 1500 1b.

Total weight W of the retaining Wall per ft run = 15450 Ib.
' b
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Point of application of W from the heel
5 2% 35
3750 x —§+4500 P ~—»~8—+ 5400 x 63 41800 x 9

= 16460 )
=4.7 ft, _
Distance of resultant R from the heel
4750 ft.

=4.74-6.5 x 5450 ‘
=06.4 ft. i.c., the resultant passes through the middle third

of the base with an eccentricity of .4 ft from centre,

Weight on foundation..:v

Weight of foundation conorete =14x2x 136 ‘- 3640 ib.
masonry slip =12x14x120 = 2160 »
=16460 ,,

» » retaining wall per ft.
earth filling at back & front
- =(183-+13)x 100= 1800 "

2 2

Equivalent load due to surcharge of
=9x2x 100 = 1800 ,,

t

pank ‘
Total weight.on foundation =24850  Ib.
Weight on foundation per 8. ft 3.5 £t below
ground leve] o 2\4850 "
‘ 14
= 1775 "

Equivalent weight péf 8. ft. at the érdund. level = 1775-350 ,,
o =428
Maximum weight per 8. ft, due to eocentricity of the resultant
W =total weight,

b= b&!é.
¢=eccentricity from the centre,

- g( 14 %?) where

1425 (1+6—>;2-°‘-")
=17101b.

- =076 ton whioh is very
permissible on the goil,

Se—(—

nearly equal to .8 ton/8, ft-

q
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(ii) the Spoke-type in which t

notched into th -
the Arm-type e hub but not passing through it as in

In addition to these two types, two other ¢

but on & small scale. They are YPes are also in use

—

() & combination of the g '
- k .
mostly in the sandy desl:::-t: o?xga;:;: hA!’m types in use

o . an, and
. (i) & solid wheel of small diameter mog

or carting broken stones fonn Y tly in use in quarries

© quarry to the road,

.wheel whose iron ¢ re h
3 inches to 5 incheg7 wid:.s béen replaced with a wooden tyre about

- ’SURVEY OF BULLOCK-CART WHEELS IN INDIA

6. Mr. Vesugar estimated
‘India at abouy 87glakhs. The
number about 8} lakhs are no

(1) East Bengal and Chitt
Bgong (ass
- at 60 per cent of pre-p&rtit%oxf Belxl::;]()l

the number of 08rt8 in pre-partition

Author est;
W in Pakistant?im that out of this

(2) West Punjab (assumed 5.17 lakhs
pré-par titiOn( e :b) 8% 80 per cent of
~ (3) Sind 2_.14 "
. (4) North West Frontier Provinee 0.90
- -{6). Balachistan (assu 0.07 ,
as at N .W.(F.P.)med 8 the same figure
, 007
8.36
: . _jg_‘_y 8% lakhs,
TYPES OF WHEELS AND THpp NUMBER

‘7. It will be seen from
operates in the Punjab, Uttar Pl:laét:s " ehat the Arm-type wheel

and some parts of Orissa. Accordingh’t ;nost of Bihar, W

number may be estimated at aboyt, Mr. Vesugar's g ;
284 lakhs including gures ite
* oontiguous
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territory formerly known es Indian States. The Spoke-type wheel
operates in the rest of the country, barring a small area near
Kutch. Its number may be estimated at about 52 lakhs. As
Mr. Vesugar’s figures were Province by Province while the regions
of the two types of wheels cover portions of different Provinces
(now States) it is not possible to form a more correct estimate of
the number of these types than indicated above.

ARM-TYPE WHEEL TO BE RETAINED.

8. In the previous Papers of this series it was suggested that
the arm-type wheel should be replaced with the spoke-type. This
census has disclosed that this is not practicable as the number of
carts employing arm-type wheels is very large and it is too muoch
to expect the village wheel-wrights to change over from one type
to the other. Moreover, it is possible to get over the most un-
satisfactory feature of the arm-type wheel, viz., an unevenly
wearing wooden tyre, which damages road surfaces and is more
expensive to maintain, by providing a steel tyre. Hence, the
Author has come to the conclusion that the arm-type wheel should
be retained and improved to the extent required.

VARIATIONS IN SCANTLINGS.

9. The method of manufacturing each type of wheel is the
same at all stations at which it is employed, but there are a
number of variations in the sizes of the components, viz., tyre,
felloe, spokes and hub, However, it must be mentioned to the
oredit of the wheel-wright that the basic structural stability of the
design of each type is the same everywhere. For instanoe, if a
spoke of a different size is employed at any station, the sizes of
the hub and felloe are also altered to provide practically the same
embedment for the spoke as at any other station. The pheno-
menon is interesting since, although the wheel-wright cannot
explain why he uses particular sizes, he has arrived at what may
be called a correct mathematical design by his hit and mies
methods and age-old experience.

10, The Author has no hesitation in heartily endorsing the
well-merited tribute which Mr, Murrell once paid to the ingenuity
of the wheel-wright.

In the tests carried out during this investigation, the
Author has not come across any other type of wheel sent for
testing which is comparable to the present wheel in respect of
structural stability, ease of manufacture, and simplicity of
design. What the wheel-wright needs to be taught is the em-
ployment of standard sizes, for the tyre, felloe, spokes, and hubs
for use at every station throughout India, :
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VARIATIONS IN WHEEL-DIAMETERS.

{1. The most confusing variations are in h i
which range from about 3 ft to ab oo ameters

out 6 It in both ¢
entailing a variation from about 68 ypes of wheols

. Ib to 1141 ton i
tractive effort and they seem to have no relation bo &Z" h:?ggtl;sﬂ:)?
bullocks employed. Since, for the same width of tyre. wheel-
diameter governs the tractive effort of a wheej and the pt;y-load a
oart can "“‘"5"}:“ 1;’ 5’9"9“&‘5’ to find, if possible, reasons for the
variations in wheel-diameters and the extent to which if & .
to eliminate them. which it is possible

WHEEL-DIAMETERS ViS-A-ViS BULLOCKS’

12 For ease of traotion a cart should remaj
road surface gi.lt ag times a.s]in ?e tests on tracti
seems desirable that the pull should be exerted at th i
above the road level as that of bullocks’ necks, atuﬁ:sgff ihue l%ll::
oage of four wheeled vehicles {e.g., four-wheeled carts in and
around Delhi, camel carts in Sind, heavy duty godown carts in
Bombay and all four-wheeled horse-drawn vehioles in almest all
oountries) the direction of the pull is slanting up from the point of
application on the vehicle to the point of exertion on the draught
animal’s body. The reason for this appears to be two-fold - 8

o
R

HEIGHTS.

n parallel to the
ve effort. It also

(i) Ease of loading for which a low platform is more
convenient.

(i) Cost, which for four wheels, is greater than for two.

13. Ease in loading and unioading
in the case of bullock-carts also, but as they emplo
wheels, the cost factor is not as important ag in tlll)e ga,s:ng f(t;zs
wheeled vehicles. The diameter of their wheels should, as far ag
possible, be governed by the height of bullooks’ necks, coimigtent,l
with ease of loading. y

will have to be considered

14. With the scantlings normall
tion of bullock-carts, the wheel-dia
of bullocks’ necks (see Fig. 1) shou

y employed in the conatrug.
meter in relation to the height
1d work out as follows :—

D=2 (H - 13 in.), where
D = wheel diameter
H = height of bullocks’ necks.

The allowance of 13 in. wade in this formula j
assumption that a straight scantling is used as the yoke-p?ec?: ast lilz
the South of India. In practice, various expedients are employed
at different stations. In Bombay a ourved scantling ig used and,
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o

NOTE -
B: Bin. Usun“).

Fig. 1.

i i ing from
at many up-country stations, two round yoke-pieces sloping
the yok% tg the axle are employed. However, these variations do
not affect the assumption it the cart has to remain at the same
height as bullocks’ necks.

- . . ¢ a8
15. The poeition of wheel-diameters in use at presen
against the diagleters which should be employed accordmgfti) ?e
aﬁg)ove formula has been shown on the accompanying map ol India

(Plate I) in seven zones made up as follows :—

Spoke-type Wheels:

Zone 1 in which D is equal to or greater than 2 (¥ 13 in.)
» 2, ,, Disuptoabout 12 in. less ,, "
»w 3, . Disl2in to2 in. »ooa ”»
w 4, , Dis38in, to48in.

L34 E2 ] 3

Arm-type Wheels:

Zone 5 in which D is 15 in. to 30 in. less than 2 (H~13 in.)
w 6, , Dis 15 in, ”

» 1, 5, Dislbin. $030in. ,,

” ”
” -

A statement showing particulars of these variations station by
station in each zone is enciosed (Annexure I).
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REASONS FOR VARIATIONS IN WHEEL-DIAMETERS

N l(i. It will be sgen from Annexure I tha
diameters correspond more or less to the hej ’

in Zone | only. 1In all other zohes thet;f :,;%hf:sgftlt::rlll Oglisatnsﬁg;:
{

should be by 4 in. to as muoch as 48 in_
from 6 in. to as much as 30 in. in t;hln n the spoke-type wheel and:

considerable variations for which te ro muar, heel. These are

. he
Author’s opinion some of them may ber ;snzgffov?;s-fiasons. 1n the

t the present wheel.:

(i) Variations in the hei v
hundred miles in e;g(l}x ; of bullocke Within a few

: mon practic '
profpsslona_l gartel_-s. Asg a consequelt)me : t?'mong
station variations in wheel-diameters in o ,hs ation to
bound to occur. aoh zone are

(i) Variation in the amount of
zones and also at various stat
natural that a carter should
his cart in proportion to the
‘on the various parts of his ¢

work for carts in varj
lons in each zope, Mil: ‘2:
adjust his expenditure on
work offering and adjust it
art including the wheels,

(iii) Bullocks of the same height do not have t
stamina at every station. This also is natu:al :li:c:atnl::

feed a carter can offer to his ani :
what he can get locally an mals wil] depend op

spend on it. This latter

work offering, will depend on the amount of

(iv) Number of bullocks availab]e’ or i .
this is not the same in a]] repgio;: ::hg;a ::g::nt.. It
where the .number of bullocks per cart ig ations
will be less work per pair of bullocks . more, there

(v) Climatic conditions may also h .
wheel-diameters, o.g., % m&y"‘g N zgf:tetil:lm& to do with
climate of the Rajasthan desert } e hot dry

rt
thin sections employing locale arge wheels made of

. . wood ma,
tible to warping than smal} wheelalz? {lzzﬁ(::eiisg;:eg;

are commonly employed from Ahmedabad to Bikaner

(vi) Influence of neighbouring district i .
at all stations on the border ligeé thﬁlfa,:: be moticed
most particulacly in Sauraghtra, '~ - - Zoneg and

d how much he can afford to ~
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17.  Unfortunately, sufficient data is not available onall these
points but some idea on points (ii) and (iv) may be bad from Mr.
Vesugar’s Paper (I.R.C. Paper No. J.—1943). It is interesting to
note in the case of spoke-type wheels that Zone 1, comprising moest
of the Madras State and Mysore with a load of about 199 maunds
per cart, finds it necessary to employ large wheel diameters, while
Zone 2, comprising most of the Bombay State and Hyderabad with
a load of about 148 maunds per cart, employs smaller whee!.
diameters. Zone 3, made up for the most part of Madhya Pradesh
with a load of only about 93 maunds per cart, employs still
smaller wheel-diameters, while Zone 4, comprising most of the
desert part of Rajasthan with not much produce, employs the
smallest wheel diameters. The probable reason why the arm-type
wheels in Zones 5 and 6, with a high load per cart, are smaller in
diameter than those in Zone { may be:

(i) With their broad tyres their tractive effort is less and,
therefore, in spite of their smaller diameters, they may
be capable of pulling greater loads.

(ii) The number of bullocks per cart in theee Zones (Punjab
12; U.P., Bihar, Orissa, and Bengal, about 9 each)
being greater than in Zone 1 (Madras 4'6), each pair of
bullocks has less work to cope with without tiring even
if it entails a greater tractive effort on account of a
smaller wheel.

That a broad tyre requires less tractive effort has been
established by our tests also and here is another proof
of the wheel wright’s instinct in finding from experience
what suits his requirements best.

. 18. We have test data on the tractive effort of wheels with a
2 in. tyre in all ranges of wheel-diameters. From this it is possible
to have an idea of the tractive effort of the average wheels
employed in Zones 1, 2 and 3 which employ 2 in. tyres and their
comparison with the work offering. This works out as follows:—

Zone Average diameter | Tractive effort Produce
in use “ of wheel per cart
— ‘ e 4 e
No. 1 61 in. 72 ib/ ton 199 md.
No. 2 53 in. 78 1b/ ton 148 md.
No. 3

46 in. 86 1b; ton 93 md.

/!
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The variation in the tractive effort ; i
order of about 10 per cent w atintim o oones is of the

hile the variation in the {

. . nountt 0o

wark offering is far greater. Strictly, in proportion tg thz ;vork

offering, the wheel.diameters in these zones and their tractive
efforts should work out as follo

WA

Zone Produce per cart | Tractive effort | W beel diame-
ters

No. ! © 200 md, 72 1b/ ton 61 in.

No. 2 150 wd. 85 1b/ ton 42 in,

No. 3 100 md. 144 Ib/ ton 30 in.

That is, on the assumption that the avera ing i
Zones 2 and 3 has been distributed t:hroughougtf3 t?lvlgrkygg: rt‘giﬁ'é
same extent as in Zone 1, the wheel-diameters employed therein
should work out as shown above. The reason why they are bigger
in Zones 2 and 3 may probably be that the distribution of wofkgin
these zones may not be the same as in Zone }.

19. That is the work offering in these Zones may be confined
to fewer months in a year than in Zone 1 and, therefore, the work
offering in these months may be greater than what their average
produce per annum indjcates. This will necessitate larger wheel.
diameters. The fact that there is one monsoon and therefore one
major crop in a year in these zones and two monsoons and, there.
fore, two major crops in a year in Zone 1 lends support to this
view. Discussing the variation in the number of carts per 1,000
tons of produce (which is the same thing as the average load per
oart) Mr, Vesugar arrives at the following conclusions :— P

“The difference oan, therefore,
assuming that in certain regions
work for greater number of days
Such an inference seems to be
variation in the number of bulloe

be explained only by
oarts carry more and/or
N & year than in others,

supported by the great
ks per cart.”

20. It waa first intended to ascertain
load per cart including the pay-load at e
found that weigh-bridges were not availabl
hence the information received would b
Secondly, the actual load carried per

in this survey the gross
very station but it was
@ at many stations and
© More or less a guess.

trip has only %a limited
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bearing on this point.since it was necessary to kpow hpwma;ny
days in a year each cart worked and this, of course, it was im-
possible to know correctly. Finally, the load actually carried by
a cart at the time of the survey was not likely to be the average.

21. It thus appears that the wheel-wright must have struck
a balance between the work offering, its frequency, and the
capacity and number of animals, and evolved a wheel which was
economical in the circumstances. This appears a logical guess
gince, in the case of a motor lorry, it is possible to design the body
to carry a cerfain load and then provide an engine, powered
suitably to pull it, while, in the case of a cart, the bullock and the
chassis are there and the on!; item which can be adjusted accord-
ing to work, is the wheel.

VARIATIONS IN WHEEL-DIAMETERS INEVITABLE.

22. 1t would thus appear that there are reasons, economic,
climatic, or local, which have not made it possible for the wheel-
wright to employ wheel-diameters corresponding to the height of
bullocks and for want of fuller data on these reasons it would be
impossible for us to standardize wheel-diameters on any
ground other than the present practice.

PROPOSED WHEEL-DIAMETERS.

23. The main reason, of course, for a wheel-wright’s prefer-
ence for a small wheel-diameter is that it is cheaper and, where
oither there is insufficient work per cart, or the bulls are strong, or
climatic conditions are unfavourable, or a wide tyre is employed,
the carter employs a wheel with a smaller diameter. Therefore,
the Author suggests that in the proposed wheels of 3} in. tyre
it is best to stick to the same principle, viz., that the cost
of the new wheels may as far as practicable be the same as
that of the present wheel, provided that it does not entail
a greater tractive effort than the present wheel.

24, Wheels of 3% in. tyre which can be manufactured within
the cost of wheels with 2 in. tyre at present in use, exclusive of
the axle-equipment, have been mentioned in column 2, Appendix C,
Annexure II Part IV of this Series.* The relative tractive effort of
wheels with these two tyres, with or without provision for self:
alignment and with smooth cast iron or uneven mild steel
bearings, has been shown in chart 2, Appendix E, Annexure IV of

» * Paper No. 148 printed at pages 66 to 158 of the Jourpal of the Indian
Roads Congress, Vol, XV-Part 1,
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48 40 39 4
4 ft to 4 ft 6 in. 51 | 43 °
54 ‘ 453 45 45
4 ft 6in. to 5 ft 57 48
60 493 51 50
6ftto 5 ft 6 in. 63 50%
6 ol3 57 524047
5 ft 6 in. to 6 1t 69 52%
72
5 63 53 to 63

Note: (1) The tractive effort of the o
diameters in ool. 5 will §:°§l‘l’:°ds& Wheels for the
corresponding wheels in uge g Pres me as that of
provision for self-alignment, °nt if they have a

(2) It will, on an average, be
1o provision for self-align

about 8 )b less if they have
axles and smooth og,

A ment bufl h
8t iron bearings, &ve latha 4
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self-alignment but have h::({;:ge 10 provision for
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8 these two tables the following
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95. In practice it may be useful to round these figures some- .
what on the lines indicated below, State by State, to make it easy
for the Administrations concerned to enforce and regulate the
dimensions from time to time till the wheel-wrights and carters
get used to them:—

Administration Present wheels |Proposed wheels

1. Saurashtra, Cutch, Rajas- 3 ft to 4 ft 3 ft to 3 ft 3 in.
than, the Gwalior district
of Madhya Bharat, Vindya
Pradesh and Madhya

Pradesh,

2. Punjab, PEPSU, Hima- 4 ft to 5 ft 3 ft 3 in, to
Chal Pradesh and Uttar 4 ft 3 in.
Pradesh.

3. Orissa, Madras, Mysore, b5 ft to 6 ft* 4 1t 3 in. to
Coorg and Travancore- 51t 3 in.
Cochin,

4. Bombay, Hyderabad, the 4 ft to 4 ft 3 {t 3 in. to
Indore district of Madhya 6 in. 3 ft9in.

Bharat, Bhopal, Assam,
Bibar and Bengal.

PROPOSED TYRE-WIDTH.

268. These limits will allow the wheel-wrights some latitude
to select a wheel-diameter in cach range which will entail the same
cost of construction as at present, exclusive of the axle-equip-
ment. In addition, administrations can be told, if necessary, the
wheel-diameters to be employed in each district under their
jurisdiction with a suitable variation to suit local conditions. All
wheels throughout India will have the same tyre, i.e., 3% in.
whether they are of the arm or spoke type, the wheel-wright being
free to choose the type according to his present practice. The:
axle equipment, so long as it is the same as at present, will
continue to be manufactured by the wheel-wrights but the hub
will have to be made to a design which would permit a self-aligning
device being incorporated into it later without the necessity of
altering the hub or the wheel in any way. A few stations like
Abmedabad, Jodhpur, Jaipur, Agra, Bikaner, and Allahabad,
which at present employ wooden tyres wider than 3} in., may be

® Carts of 8 ft wheel diameter seem to obemto onl} 4yvinwilyieore with a total of
some 34,000 oarts ous of 784 lakhs for India.
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sllowed to adopt any width in exe .

. . e8s of . 5 s
:hlsctlfa eslt;eel tyre is used. Wooden tyres,:‘h]e!iltllll.e:‘olll((x)tfl % 88 a § in.
e tyre ozl‘ covered with a steel tyre narrowovered with

e (as employed at present in the urban or fhan the
and 6) will have to be banned. areas of Zones 5

REDUCED WHEEL-DIAMETERS.

27. The basis of these recomm i
m(:nt of adbroad tyre to the extent it fsnggg?gﬂ, to d
:;lacete;t‘f:ee fifngteither the cost (excluding axle.equ;’ do 80 with-
wheelse % (:r (l))r the method of manufacturing thent or the

» But a broad tyre increases the cogt and € present
conform to the present cost, the wheel-diameters wi therefore, to
necessarily reduced. Will these reduced Wheel?d-wlu have to be
the cart and entail any hardship on the bullooks$ lameters incline
entail a greater tractive effort on account of t,hi. Wil they also

will the carters object to reduced wheel-di&mete:si ?cline? Finally,

is the employ-

INCLINE OF THE CART.

28. It has been shown above. th m m m
. . » t
wheel-diameters is an accepted praotige ?xl:elﬁdiploy e Of small

necessitate an incline of the cart if the beam . This does not
has the correct depth (B). Ignoring chaTx{: Ilihgi; ls;:; ]5 dzitl
’ )

H—1/2 D where H is the height of ’

wheel-diameter. However, itghas b:;:lz(ﬁ(si t;:::kis &;:.d D is the
the pull may be exerted along the line joining th ;' s position
centre of the axle (shown dotted in Fig. | at P %41 © yoge and the
the tractive effort may be increased. For 5 43 i nd therofore
wheel-diameter of 6] in. normally employed with T mock and a

value of X will be :— it in Zone 1, the
X=AL*F B L=8ft3in
=\/W+ 132 B=r1_12p
=43
= 99.85 in, =13 inl/2 x o1
When the diameter is reduced 4 i ’
X will be:— °¢ %o 50in. as proposed, the value of
X =A/L"1 B B=H-12D
= A/¢92? 1 182 =43~1/2 % 50 in.
100.62 in. =18 in
.~ the change is of the order of 100.42 -99.85
99,85

=0.8 per cent,.
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The tractive effort of this wheel (61 in. diameter) is 72 Ib per ton.
Therefore, the increase will be 0.64 1b per ton which is negligible.
In practice this will happen only if the yoke is sloping, not
otherwise.

TRACTIVE EFFORT.

29. The question of tractive effort is more important than
that of the inclined line of the pull. This will undoubtedly in-
crease the tractive effort for the same tyre but if the tyre is
widened, the tractive effort of the same wheel will be reduced.
The tractive efforts of these two wheels for 2 in. and 34 in. tyres,
both employing the same axle equipment, are as follows:—

61 in. by 2 in. : 72 1b ton. 61 in. by 33 in. : 60 Ib/ton.
50 in by 2 in. : 81 Ib/ton. 50 in. by 3% in. : 70 Ib ton.

Thus the tractive effort of a 50 in. by 3} in. wheel will be
practically the same as that of a 61 in, by 2 in. wheel in use
at present in spite of a reduction of 11 in. in the wheel
diameter. In fact, it will be 2 Ib less against an increase of 0.64
b if a sloping yoke is used as shown above. Therefore, there
need be no fear either on the score of an inclined line of the pull
or tractive effort so long as the body of a cart is kept parallel to a
road surface. This has to be done by inserting over the axle box
a wooden batten of a thickness which is half that of the difference
between the present and proposed wheel-diameters. This will
cost about Rs 5 per cart for which there is sufficient margin in the
cost of the proposed wheel.

CARTER’S REACTION.

30. Some people seem to have an apprehension that carters
will not agree to a proposal to reduce the present wheel-diameters.
Perhaps this fear is based on nothing better than the broad as-
sumption that, since & carter has been used to a particular set-up
for years, he will be disinclined to make any change in it. It is,
therefore, proposed to discuss the point from all angles :—

(i) It is quite true that the carter will not react favourably
to any change at first. But this should apply both
to the tyre width and the wheel-diameter. It is not
correot to presume that the carter will not objeot to a
wide tyre but will object to & change in the diameter.

(ii) It has been shown above that the carters employ certain
wheel-diameters at certain stations for the simple
reason that those particular diameters suit them in
respect of cost and traoctive effort for the work offering.



(vii) It is acoepted that, to save damage to road

(viii) The influence of wheel-diameters on t
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What the carter is concerned with is the cost and

tractive effort of his wheels and not a i
wheel-diameters. ny particular

(iti) It has been found that wheel-diameters in use at present

vary not only from Zone to Zone but from i

A . tat t

station in the same Zome, the variations b:i:gmfx:() :1
7 in. to 23 in. (See Annexure I). This shows that
carters are used to variations in wheel-diameters

(iv) The mazimum variation in the proposed wheel-diameter

is only 9 in. (vide para. 25). This is wit

of variations to which carters are used. hin the range

(v) The diameter of pneumatic tyred bullock-cart wheels is

only about 3 ft and, during the last .
pneumatic tyres were intrgduced, no%%g; al‘::soi :: gmce
complaint from the carters on the score of a’r an{l
wheel-diameter. The reason is that these whee) Sl!!na
roller bearinge and, therefore, entail a smaller t; ;Ve
:f-for:i Soﬁlontg :t: a wheel does not entail a g::az:
active X :
tiiainetex-e iso.r e carter does not care what the

(vi) During the past six years the Author has imd ocoasgion

to distribute to carters about two doz i

of various diameters and various egyfilgd(&:heﬁh
carter ever asked any questions about the v‘vhe f
diameters, but every one wanted to know wheth el.
new wheel was ‘ heavier” than his present wheele " the

broad tyre is necessary, this surfaces, a
blished in the wear andytea.r testI:18 fﬁ:nAﬁﬁm{, et
come across any Wheel-design so far whigh"!‘f 88 not
same wheel-diameter as is in use at present, will e
a wide tyre without exceeding the cost of th provide
wheels. In fact, it is impossible to do so ;hmesent
a reduced wheel-diameter mus . erefore,

t .
of broad tyres unless cost is no co:; d:r ::l’:;’;lqua-non

he tractive eff
two wheels of the same tyre depen e effort of
of a wheol is distributed * Tf more of 1o e eyl eighY
at the rim than at the hub, the wheel ig eagier t: rated
and vice verss. So long as a proper bal move
maintained between the weight aance 1s

hub and the rim, as in the case oto;ﬁe:vl: eﬁl' ?xts:g:
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present, one can use any wheel-diameter and any
width of tyre provided the cost and tractive effort
remain unchanged.

SUGGESTED WHEEL DESIGN.

31. The following four designs are so far available for com-
parison with the wheels in use at present :—

(i) The Cumming wheel

(iiy The Raju roller wheel
(iii) The Nageswara Ayyar wheel
(iv) The Morgan whee)

32. Particulars of these have been mentioned in brief at
various places in the four previous Papers of this series. Itis
proposed to discuss them in detail here.

33. The Cumming Wheel is an all-steel wheel built for an
all-steel-cart. Its tyre consists of two angles welded back to back
with mild steel flats for spokes, also welded at one end to the tyre’
and at the other to o wrought iron hub. This wheel is of no use
to the wooden cart in use at present. Also, it makes no provision
in its hub for self-alignment and or flexibility. Hence it will not
be considered further.

34. The Raju Wheel has been described in a previous Paper
of this series. The idea underlying the design is fo replace a
wheel with a roller. The roller tested at Poona was not found to
justify any of the claims made on its behalf by the designer.

35. The tyre of the Nageswara Ayyar Wheel consiste of a
channel iron section without a wooden felloe. It is bolted to
wooden spokes which, in the wheels sent to Poona for testing,
were held in place by wedges nailed to them, (Fig. 1, Plate 11).
The axle is square and carries two spherical journals on which are
mounted two spherical casings (Fig 3, Plate II) boited to the
wedges in between the spokes (Fig. I, Plate I1). 4 3,8 in. gap has
been provided in the hub and also in the casings to enable the
wheel to tilt to produce self-alignment (Fig. 3, Plate Il. A 7/8 in.
space has been provided on the axle on either side of the wheel for
sliding (Fig. 3, Plate II).

The designer makes the following claims:—

() By eliminating the wooden felloe, the wheel has been
lightened and cheapened.

(b) By providing a gap in the hub and the casings, the
wheel has been made .sclf.aligning.

7
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Comments on the Nageswara Ayyar Design.

36. The method of nailing wedges to spokes and passing
bolts through the former is unsatisfactory for the following
Teasons ;—

(i) A large number of nails are required to be fixed t
a tight fit with spokes. Nails can never be ﬁdee 2::;:

factorily as the angle of fixing has to be different, for
each nail,

(ii) Nails weaken both spokes and wedges,

(ifi) The bolts weaken the wedges. When the h
opened at Poona, practically every wedge vlvl::): f::le;g
damaged and the wedges carrying bolts were split,
(iv) As a result, most of the spokes were found to be out of
alignment.
The only way to ensure stability with wooden g
employ a wooden hub made exactly on the lines ofp ;)li{ee ?n::, to
use at present providing perfect embedment for spokes in
other expedient like wedges is feasible. - No

37. Tests carried out at Poona have establishe
spokes abutting on the bore of the hub of this whee] (
II) touch the square collars of the journal over th
cart is loaded and the corners of the collars inte
movement of the wheel (Fig. 2, Plate II) and in
effort. Further, they c%t into the inner ends
wear them. This must be corrected. The desi 8
this suggestion. In the wheels tested at Pg::;ah?h &coepted
extended to about I} in. under the spokes (Fig 'y e o
It will be economical to cut this extension and tO.ml’x &
corners of the axle next to the spokes, Una off the

(.1 that the
Elg. 3, Plate
e axle whep the
rfere with the freg

38, When a cart is loaded the axle in thi .
found to descend, as indeed it should do, this design
in the casings. When the wheel moves, the A
part of the Eub rubs againat the steel collarg oP (ﬁfe 1;:) the wooden
worn by the action of steel on wood. If the collarg
suggested above, the axle will do the same, The Positio are cut as
analogous to a wooden wheel without a stee] earinn ;’s ®Xaotly
ployed with a steel axlo. To prevent this g steel b éagri eing em.
be provided in the wooden part of the hup exactly. ng must
wheel in use at present. Further, to obtain compars;b%;s in the
the bearing mua! be of the same thickness, ie., ole results,

bearing will have to have lugs again as in the h;,l.f,;e!;ih‘whzhle
0 : : ol

Crease itg tractive
of the spokes and

g0 has '
on agcount of thebzzg,

urnal and jg.
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Henoe, the bore in the wooden hub in this design will have to be
4§ in. a8 shown below and not 3% in. as provided in the design
(Fig. 2, Plate I1):—

Axle 13 in, (rounded ocorners)
Space for free play 1in. (2 X 1/2in)
Bearing Pin (2 x1:2in.)
Lugs fin (2x12in,)

Total 4% in,

How to improve it.

39. Employing the same spokes as in use at present, i.e., 1}
in. by 3% in., instead of £ in. by 4} in, employed in the Nageswara
Ayyar wheels tested at Poons, the diameter of the wooden hub,
roguired to obtain the same embedment for spokes as in the wheels
in use at present, will be as follows :—

0.785(10.5% - 2%) = 0.785 (X® - 42°) where 103 in. is the dia-
meter of the hub of the wheel in use at
present for a 2 in. bore.

X% =129
X =136
say 11} in.

40. A design of the Nageswara Ayyar type employing a
114 in. hub, srrived at as above, and providing space for tilting
to a maximum camber of 1 in 15 works out as shown in Fig. 2.
This figure shows thinner spokes and thinner sections for the
caging than wused in the wheels tested at Poona and further it
gets over all the defects noticed in those wheels and mentioned
above, viz, :—

(1) It has a rounded axle.
(2) A wooden hub eliminating wedges and nails.

(3) A bearing for the hub to prevent it from being damaged
by the axle.

(4) Bolts above the wooden hub and pot passing through it.
(8) A full tilt for a camber of 1 in 15,
(8) No projection of the journals inside the wooden hub.

4¢l. It hus been established that a mere tilt will nat
produce full self-alignment. A slide along the axle is also required.
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The designer has accepted this comment and
.7/8th inch space on the axle for sliding,
the collar of the journals are square.
increases the tractive effort during sliding. To ensure a free
and easy slide the axle and the collar of the journals must
be rounded, lathe-turned and properly lubricated,

has now provided a
However, the axle and
This restricts slide and

42. The space on the axle for 4 slide cannot be left open as
it harbours dust. Also, with

' an open space along the axle, &
wheel keeps on banging on th

e thrust-piece on one side and the
pin on the other causing impaots.

For this purpose two rubber pad

Lubrication.

43. 'The design entails lubrication in two places between :—

(i) the axle and the bearing of the wooden hub, )
(i1) the journals and the casing, } Fig. 2

Both these places are extremely inconvenien
tion, the former because of the half inch
and the axle, and the latter because thaip surfaces are spherical,
and the lubricant introduced at the apex of the casing is
bound to run down to the gap at its lower end. TIn spite of
the best care it was impossible to retain the lubricant in these
wheels in the Poona tests. This is s problem for the designer,

whose idea to embed folt in the casing to prevent loss of lubricant
does not seem workable for the following reasons :—.

(i) the casing is § in. thick, hence one cannot emplo
thicker than { in. at the most ploy a felt

t for proper lubrica-
gap between the bearing

{ii) the felt will get flattened between the i
journal as these two surfage Fu33 somain 1o

the felt;

(i}) it will not be easy to

. renew ¢
anbolting the casing e

1 he felt often without
h time ;

(iv) fel:lso:‘fee ﬂg}‘;:;;;{oded because this method of lubrication is

Bolts and Nuts,
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the spokes. This is inevi . .
by thg sp‘:)'; " his is inevitable and will entai] frequent renowals

45. The two spherical casi
- bolted together. In the Wheelgalg

pessed through wedges in between spokes. 'Ihi Dot
feature oan be removed in the way ﬂi?ggesi‘ed lbh;stggjéf&%nibilg
Fig. 2. But that fact will not prevent the bolts from ?:t‘

loose by impact. Tests have shown that if some bolt getting
slightly loose, they increase the tr 8 are even

A active cffort i
expedient of employing bolts is extren;)t;lyofu:lf;x:f ;Vheel. The

g8 of the wooden hub n,ra‘ also
sted at Poona, the bolts were

 Wheel A ssembly.

46. Assembling the N
cumbersome and difficult
presont whee! togsther.

ageswara Ayyar wheel is 8 my
ch m
process than puatting the ordin&?

Channel Iron Tyre,

47. The use of a channel iron 3
flat tyre on & wooden felloe is cheape
to consider the following counterbala,

ection in place of 3 mi

100 ip i{d steel
T initial cost but we have
neing factors:—

(i) The so(liebfungtion of a tyre is to take u
caused by abrasion. Hence, in
channel section will behave ex;f;i}’;cfisz ;ego;:vaéa, )
However, in the case of the Iatter, the re yre.
does not extend to the wooden felloc Newa]
remains intact while in the case of the which
sgction it wfill cover its two legs also Thchannel
ity of steel in the legs is practically the ;m & quan-
tyre. Hence in the case o ame ag in the

f a channel §
the cost of renewal wi ron- section
tyre. Will be double that of 4 fla¢

P wear and tear

(i) [n the wheel in use at present, the tvre i
by the wooden felloe. In the eh}:x?n]:;\ixrl(l,% Z:ggorted
the Nageawara Ayyar wheel, it ig unsupported ton of
by the channol legs. 1t hag sty to be see except
such partially supported section n whether

thiokneas will have the same fify iof Steel of the same -

tear caused bY abrasion ag g
If in practice it is found to
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(iii) The cost on labour on a normal bullock-cart wheel in
Bombay works out as foliows :—

. Rs ap Re a p
Fixﬁig tyre 4 0 0
Fixing hub-bands 6 0 0 10 0 0
+ Fixing felloe 18 ¢ 0
Tixing spokes 7 8 0
Fixing hub 4 8 0 30 0 0
40 0 O

Thus 60 per cent of the wages of a wheel-wright, excluding the
cost of fixing the tyre and hub-bands, is for his work on the
felloe  Therefore, the employment of a channel iron scction will
deprive a wheel-wright of a major part of his work. The Nages-
wara Ayyar design does not employ hub-bands. Hence, out of
Rs°40, which a whecl-wright makes at present per wheel, he wili
los: in the Nageswara Ayyar design Rs 24 (Rs IS felloe-; Rs ¢
hub-bands), i.e., 60 per cent of his wages.

(iv) From the point of view of national economy it is a moot

: point whether an article made of local wood and

providing maximum employment to village carpenters

-should be replaced with steel which is in short supply

+ "* and which has a number of uses wherein wood is either
" uneconomical or unsuitable. -

(v) From the point of structural stability, with wooden

- spoke one must employ a wooden felloe and a

wooden hub to embed both ends of a spoke

: firmly. With steel spokes a steel channel or angle-

..t iron felloe is required and a steel hub welded to the

w= - » - gpokes a8 in the Cumming wheel and not bolted as in
the Nageswara Ayyar wheel.

i .

(vi) It is a common experience that wheels sink into soft wet
surfaces. With a felloe 4 in, to 6 in. deep ordinarily a
wheel will not be submerged when it sinks. Witha .
channel section with its legs barely about 2 in. deep,
the fellpe will not only get submerged but will have to
scoop mud when it revolves. This may be a serious

.maatter for the carter. :

The Morgan Wheel.

. 48, This being a patented design, full particulars are not
avdilable. ; It makes use of the wheel in use at present, the only
change being:in the hub. ‘Here the designer employs & ball and
socket arrangement to produce self-alignment. : I
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Comparison of N. Ayyar and Morgan Wheels.

49. The position in regard to the Na (-
Morgan wheels vis-a-vis the wheel in use at pregs:r::&i?uAﬁy;ﬂzlvtua:n—d-

(i) All the three wheels require a wood
t en h 1
:(i?ni:g, and a round lathe-turned axle fol; a :};&e&o; ttelfe
eel,

(i) They also require rubber
fixtures as cach design m
axle provided for a slide.

paddings _together with such
8y entail in the space on the

(7ii) The present wheel has no provision far tilti i
other two designe have it. But jn bot:x tlgénl‘%avél;lsl\?v:?:
and Morgan wheels, the tilt has been obtained from
a gap between the bearing and the ax

. le. Exa
same thing can be done in the present whe:ltlzlts‘:)e

(iv) The reason why it is not adv
will be impossible to retain
Thus the Nageswara Ay
offer no advantage over th

1sable to do so is that it
the lubricant in thig gap.
yar and Morgan wheels
e Wheels in use at present,

(v) During the past six years the ;
distrib\}te to carters ¥ree of com:A :‘:;ll)ll(l): g: ‘}i)a.(i):: gtfnot;]s tlo
of various diameters and widths of tyre In‘:a oy
single case the carter raised the point about the we‘tell?;
of these wheels. The reason is psychological, A b g
rimmed wheel looks more robust ’ road.

I and heavi
it has the same weight as a na e o hen

I
a large diameter. Thay is why arow smmed wheel of

S5 carter feels it wil] b
injurious to bullocks. If it is our ; i 1l be
rise broad.-rimmed wheels, we F atention to Pop ula.
this aspect. For the same dj 0 Ignore

the present wheel. They are also

. I more expensive, Lut
even if they were not th 2 » Vu
e e weight aspect would go againat

HISTORICAL BACKGROUND.,

50. The Author came to be associa i
subcommittee in April 1044 as resullttegf :(;tr'xl:eth;, Bullock. carg
made at the Gwalior Session of the Indiap Roa,dl;g(%‘em°"S 1}e
October 1943. The position about the Bullock-cart wh Oilg.ress in
was that the Council of the 1.R.C. gave annuaj prizes fee till thqn
tyred oarts at cattle fairs to encourage carters t Ot pneumatic
place of the present carts. At the [v 0 employ them in

41 Session of the LR.C. ot
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Dethi, Mr. K. G. Mitchell (now Sir Kenveth Mitchell) the then
President, referred to this as follows in his address :

“ We have to consider how far we can afford to continue to
give prizes of pneumatic tyred carts at cattle fairs; and we have
an analogous proposal to consider whether anything can he done
to evolve a wheel less damaging to roads than our steel-tyre
enemy, that could be made in the village.”*

8i. The same year Mr. W.L. Murreil read his Paper ** The
steel tyre problem unfolds’ | in which he gave sketches of
various ideas of superimposed broad tyres on existing wheels.
This was folluwed by another Paper by him in 1943 on ‘¢ Raising
the road-rupee ratio with a special reference to the steel tyre ", in
which he wrote as follows: !

“The following are the obviously essential qualifications
for any new feature in the bullock cart wheel :-—

(i) The feature must result in the minimum possible
change in design of the present wheel.

(ii) The new feature must be capable of fabrication by
the existing village blacksmiths and wheel-
wrights and at reasonable expense.

(iii) The new tyre must be reasonably resistant to wear.

(iv; Repairs must be inexpensive and within the scope
of the existing village wheel-wrights.

(v» It would be good if the new tyre could be fitted to
existing bullock-cart wheels ",

52. Mr. Murrell was then experimenting with broad wooden
tyres and exhibited at Gwalior varicus wheels manufactured by
him. Finance for them was provided by the Government of
India. Mr. Murrell also suggested in his Paper that there should
be a standing bullock cart wheel committee.

53. That was the position when the Author came to be
associated with this investigation and in his first Paper in the
present series, presented to the Madras Session of the Indian
Roads Congress in 1945, ho montioned that the design discussed
by him ‘‘made use of materials and methods of construction

¥ (LR.C, Vol, V11, part 1, P, X, para. 191,
t (1L R, Q. Vol, VIE, Part §, I, 67).
I (LR.C. Vol, VI1I, part 1, P, 48, para, 6).
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employed " at present by village wheel-wrights in th -
. truction of wheels without in any way gdisturbinz (:C(l)ll;?r

indt’ustry”. In all his subsequent Papers he repeated the same
act, :

.~ b4, The object of presenting this short histori

is to show hqw the I. R. C. veered round from it: il:&liagaicnks%:&zz‘i
on pneumatic tyres to a wheel produced in terms of the five
requirements enunciated above by Mr. Murrell, which, in fact
were an amphﬁca.tl_on of what Sir Kenneth Mitct,xell sa,i(i in 19(311’
(para 50). Af:cordlngly the attitude of the Author has been that
we should first and foremost try to improve the existi ¥

wheel and not to replace it unless it is found to be bls n%
imprgvement to meet our requirements. The wh elyonl

adoption pf pngumatlc tyres being out of the guestion* aodest?he
wheel-wright industry having been entrenched in the nI di .
villages to such an extent that it will be impossible in the in:;1 st
of village economy either to displace it or to reduce its work ert?«:

above obviously is the best approach t i
present circumstances. PP © this problem under the

PRESENT WHEEL ARRANGEMENT THE BEST

55. 'The Author is convinced that
considerations and solely on the grouzd’sa(?fa:ttnﬁ?unr,a?ng other
perfor.mance, and cost, the present bullock cart wheels abilty,
ment is the best of all he has seen and tested so far ?‘gange-
that it has also stood the test of time and the wheel D ots
fally conversant with the technique of making it, ar N _f{éfg-ht 1
grounds in its favour. In the Author’s opini(;n t?l & l.t lonal
strong reason to replace the wheel in use at pre t by oo
based on entirely different principles. present by one

56. What is necessary is to provide in i ¢
ment without _introducinga ga;? (;‘c’)ld:}::t ltth: ﬁllt“?g arrange-
efficiently lubricated without loss of lubricant earing can be
har})our dust ; and tl.le simplest way to do thig ’t and will ot
fitting through cylindrical bearing without 18 o have 2 tight
fac}lltate the provision _of oil traps to preventalg&p' This . will
which would be impossible with a gap Tp 088 of lubricant
short rubber sleeves on the bearing, one at eaeﬁ’ t‘é Provide two
gap which would otherwise be required to enat?le :lt:e ’hﬁxoba;;vo:‘iltthe

o tils,

FLEXIBILITY.
57. Then, there is the .
question of very considerablequi:ggrnmge ﬂeﬁg’iitﬁ’- 1Ii;fis a
) €l of any

# “ Our Boads », Modern India Series No. 11 gP 63,
. 11, P, 68,

BuLrook CABT WHBEL DESIGN 261

vehicle can at any time be complete without a provision for
flexibility in it somewhere. A stiff and rigid assembly like the
present bullock-cart is a definite nuisance both to the roads and the
animals and it is essential in the inierest of both to break this
stiffness by introducing an element of flexibility. Flexibility
cannot be provided in the chassis for reagons of cost and there is
no other place to provide it except the hub. Tests have established
that & wheel which has flexibility in its bub bebaves materially
different from a rigid wheel in respcct of tractive effort during
travel over pot-holes and uneven surfaces and is eagier to pull.

58. Travelling surfaces cannot always be perfectly smooth
and are bound to have anevenness, ups and downs, and pot-holes;
every bump madc on them by a bullock cart wheel, travelling
howsoever slowly, is bound to cause damage by impact to the
surfaces and injury to the bullocks. Hence, a provision for
flexibility becomes essential. One cannot provide springs in a
hub and, if they can be provided somehow they will not stay put
and will be & nuisance. The only alternative is rubber, no
matter what the wheel design. Further, the size of the fixture
for flexibility should also be the same in every design meant to
carry the same load.

SELF-ALIGNMENT & FLEXIBILITY.

59. Hence the proposition reduces to this :

(i) It is our intention to make our wheel self-aligning to
ensure a full tyre-contact with the road surface under
all conditions of travel, i. e., uneven road surfaces and
when the cart is astride the crown of the road.

(i) Self-alignment requires two movements of the wheel
one a tilt in the vertical direction and the other a
slide in the horizontal direction. It is impossible to
have self-alignment without these two movements.

(iii) Each of these movements requires a gap, round the
axle for tilt, and along the axle for slide. It is impossi-
ble to have these movements without these gaps.

(iv) Gaps round and along the axle make lubrication
difficult, as they do not permit the lubricant to be
retained. They also harbour dust on the axle.

(v) it is possible to close the vap on the axle in the present
wheel design by inserting a rubber sleeve in the hub
over the bearing so that the latter is tight fitting
without a gap and is thus able to retain the lubricant
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and exclude dust. The hub resting on the sleeve is free

to tilt to the extent required. This is n
t ible
in the Nageswara Ayyar & Morgan whee;)s. poss

(vi) It is also possible to cloge the gap along the axle in
this design by providing rubber pid(lingsgon either side
of tbe wheel over the bearing to prevent its contami
nation by the lubricant. This ig possible in the
Nageswara Ayyar and Morgan wheels

(vii) Thus in regard to tilting, without lo
the present wheel is cap 8s of lubricant,

able of improvement, but
the other two are not. In respect of sliding ail the
three are on a level provided they employ paddings.

(viii) It is also our intention to make the wheel flexi
absorb impact caused to roads and bullocks’ 1::;}:1: l:‘o
travel or. unoven road surfaces and pot-holes. Tmﬁ
requires rubber sleeves of the

3 Same 8ize over t
bearings in all the three designs. he

(ix) Therefore all the three desi
both slecves and paddings,
gap in the Nageswara Ayy

gns require rubber fixtures,
with this differcnce that the

ar and Morgan whee) N
still remain open but that in the whee| ip ?w:,:\ltl;

present will be closed. Thercfore, consider

any angle, it is not possible to do withoutesuf;gg:-
fixtures so long as one requires self-alignment und
flexibility without loss of the lubricant ng matter
wll:atltlesign one employs, and the design of the
wheel 1o use at present becomes the mo . i
cal and most efficient of all. 8t economi

RUBBER FIXTURES INEV ITABLE,

60. We thus arrive at the conclusion that rubber fj
are a sine-qua-non of flexibility and self-alignment it w: tx;'se;
to provide them without loss of the

lubricant. Tt ;
to see how they fit in the carter's budgot. "% necessary

APPORTIONMENT OF COST.

61. 1t has been mentioned earlier that, employing the
design in use at present, the cost of the p!!opzscl(‘i t:}cw;v]:eg;
3} in. tyre will be almost the same as that of the Present wheels
practioally at every station. It has also been mentioned that this
is exolusive of axle-equipment. |
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62. From the oarter's point of view, flexibility and self-
alignment can be no concern of his unless to save his bullocks’
necks from impaoct [see para. 5! (viii;]. Hence if the State wish
to have flexibility and self-alignment iu the interest of their roads,
the Author would expect the ~tatc to bear the difference in the
ocost of the proposed and present axle cquipments. If the States
are not propared to do this, it is difficult to s.e how the carter can
be expected to bear the cost. In that cvent the carter will have to

employ 1n the proposed wheels the samc uxlc-cquipment as at
present.

RENEWALS IN THE PRESENT WHEEL.

63.  On the assumption that the State pay this initial differ-
ence, what will be the carter’s liability o maintenunce and renewals
of the new wheels ¢ The proposcd wheel is exactly similar to the
present wheel in all regpects except the axie.equipment hence, the
only item to bo considered is the lutter. On this his present
liability, according to information collected from about 100 stations
in our survey, is as follows .—

(i) Renewal of bearings on an average at least every six
months.

(ii) Lubricant at 25 to 50 1 per annum.

RENEWALS IN PROPOSED WHEELS.

64. The proposed design with rubber fixtures provides cast
iron bearings (18 against mild steel in use at present) which, in the
case of tongas and bullock cart wheels in Bombay City have been
found to last almost indcfinitely unless there is a defect in
the casting. Hence it is rcasonable to assume that they will

roquire renewals at such infrequent intcryals that the cost may be
ignored.

65. With a tight fitting benring there wi'l be no gap between
the axle and the bearing and further it will be pessible to provide
oil-traps to prevent loss of the lubricant. It is surmised that this

willdsave at least half the quantity of the lubricant at present
used.

66. The only item which will require renewal are the rubber
sleoves and paddings and not their accessorics. Their cost is
praotioally the same as that of the present mild steel bearings.
Hence, if the rubber fixtures last for only about six months, the
oost of renewals in the present and proposcd wheels will be the
same with a saving on the lubricant in hand.
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LIFE OF RUBBER FIXTURES.

6/. Will the rabber fixtures last for 6 months ? 4 At pres;nt
and till such time as the design has been fully tried and tested

over a period, we can only form an idoa on this point from such
data as are available. Thisis as follows :—

() A motor tyre does not require re treading normally
under 10,000 to {5000 miles. This i8 about 2t months
in the case of a cart travelling continuously for 8 hours
a day at 3 miles per hour, all the year round with a
break for rest of about 20 per cent of the time. The
average running of carts even in big citics is much less
than this. Hence a 20.month life for rubber seems

safe. Those who employ pneumatic tyres on carts say
it is from 3 to 5 years.

(if) The solid rubber tyres cmployed on tonga wheels afe
said to last from one to two years.

(iii) The rubber in a pneumatic or solid tyre is subject to
continual wear by abrasion on road surfaces  The
rubber in the proposed fixtures in the bullock cart hubs
will on the other hand not suffer from abrasion at any
stage. Its function will be analogous to that of rubber
blocks provided on the chassis of a motor car. These
are said to last from 5 to 7 years. However, this
analogy is not quite applicable since the rubber used
on motor cars is hard while that envisaged in the pro.
posed fixtures will have to be softer. Hence, on the

analogy of motor cars, the life of thege fixtures may be
from about 2 to i years,

(iv) Unlike the tyrgs or blocks mentioned above, the pro-
posed sleeves will be protected from sun, ra.in: dust and

lubricant as they will be outside the beap: ;
fully encased in the hub. 1¢ bearing and also

(v

~—

Similar provision can be made for the u,dd' Hee
extending the hub if the cost of doing Eo 18 ]jnugsstiaflilgg ;J
savings on the renewals of paddings, y

68. Therefore, prima Jacie, there a '
expecting a life of from 18 to 24 months f(gprel?ll;ietroﬁ:?u?e:z?d f(i)rx;
any case, cer?:a,mly more than 6 months at which life their ado t’ion
becomes justified (See para. 66). This means intensive testinp for
only six months to see, how the rubber fixtares behave duri gthis
period ; if they do not behave as expecled, wh "

. not ; i
oase how they can be improved. Everything zlseoiu :1?: lclilestilglzf
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except the rubber fixtures, having behind it the experience of
centuries, the field for 1csearch is limited to rubber fixtures only.
This could be done after the proposed field tests at the Pusa
Agricultural Institute are over.

89. 1In the above discussion the Aunthor has confined himself
only to the principles of design and avoided referer:ce to compara-
tive costs of the designs discussed, as he was told on a former
occasion that figures of cost at the present stage of this investi-
gation would be only hypothetical,

SUMMARY OF CONCLUSIONS.
70. The Author's findings arc summarised as follows :—

(i) There is no need whatsoever to replace the present wheel
which is structurally sound, has stood the test «f time,
can be manufactured in villages with locally available
materials, and provides the maximum employment to
the village wheel-wright industry.

(ii) Ita tyres should be 3% in. wide with a steel section of
3 in.x 3 in. and its diameter should be as shown in
para. 20 for various States  This will save about 35 per
cent of the damage done to roads in regions where a
2 in. tyre is employed at present.

(iif) This alteration can be carried out by ewploying the
same materials and methods of construction as at
present without exceeding, as far as practicable, either
the tractive effort or the cost of the present wheel.

(iv) The axle-equipment commonly used at present, which
consists of a handmade axle and two mild steel
bearings, each about 3 in. long, should be replaced with
& lathe-turned axle, a ocast.iron through bearing as in
tonga wheels and rubber fixtures to provide :—

(1) flexibility to reduce damage to roads and bullocks’
necks caused by travel on uneven road surfaces
and pot-holes, and,

(2) self-alionment for tilting and sliding to ensure a
full tyre contact during all conditions of travel,

5 especially when a cart is astride the crown of a
road.

woight of the hub or the tractive effort of the present

\(v) Such a provision does not materially increase either the
wheel.
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(vi) The design also ensures efficient lubrication, minimum
wastage of the lubticant, and protection from dust
blowing on to the axle and bearings. It is capable of
employment both on the spoke and arm type wheels
and docs not entail the replacement of one or the other.

(vii) The cost of the proposed wheel without axle.-equi t
which is estimated to be nearly the same as t‘llmtpgfletglé
present wheel, should be borne by the carter.

(viii) The cost of the proposed axle-equipment should be borne
by fthe St‘ate tixu view of the saving in damage to road
surfaces to the extent of about 35
mentioned in (ii). ' Per cent as

(ix) Maintenance of this &xlé~equipment is not
expectod
be more than that on the prerent wheels tn,llx)inge(inzz
consideration the cost of renewing the mild steel

bearings in use at present and t i
lubricant used. P ho quantity of the

(x) Till such time as the State decide to bear t
new axle-equlpment and arrangements oar}] %goga(g t}ée
manufacture it on the scale required, the pro > ((i)
wheels should employ the hand-made f’mxles aﬂldpos'?d
l::?g:; Lo;fersmcgs 1;1) uie at present so that the schem:nof
' an be brought into effect wi
time Any design other than that desctxlfloll)l:dl:;so‘?;
satisfying the same conditions and providing the

same performance at a less cost, bo
recurring, could be adopted. , both initial and

FINANCIAL IMPLICATION.

71. Aoccording to the results of the

we .
(para. 14, page 84, Annexure 11, Part IV of chizrs:rniggteiﬁ tests !
of tpe total wear and tear of road surfaces caused b" ”e ratio
vehicles to that caused by all bullock carts work ¥ ) motor
as shown below :— 8 out to 1 to 10

(i) Wear and tear caused b
cart of 4 ft 6 in. di
tyre at 3 M.P.H.

Y an average All-India -
ameter wheels with a 2 i:laj

.o X
(ii) \I)Veafr and tear caused by an average All
s:gl: gc;m(:‘t Olf adpneumatic tyred cart %or t,h(;
88 loading and same
ame speed 0.3
+ Paper No. 148 printed it paus R
Congress, Vol, XV-Part 1. LU pases 65 to 153 of the Juyrnal of the Tudiny Rt)lida
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(iii) Wear and tear caused by an average All-
Indix cart of a motor car at 35 M P H. (pro-
rata to (ii) although the gross loading of a
car is less than that of (i) which was
4000 1b) 36 X

(iv) Wear and tear caused by an averaze All-India
cart of a goods lorry at the same speed [pro-
rata to gross loading say 3 : 1 to item (i) 10.8 X

(v) Total wear and tear caused by 1.5 lac moter
cars «« 3.6 X per car (iii) 5.40]acX

(vi) Total wear and tear caused by 0.2 lac goods
lorries ¢+ 10.8 X per lorry (iv) 2.16

(vii) Total wear and tear caused by all motor
vehicles (v {-vi) 7.56 ,,

(viii) Wear and tear causcd by 2x 87 lac carts of
2 in tyre (Spoke-type wheels)at X as per (1) 58 ,,

(ix) Wear and tear caused by 1 %87 lac carts of
tyres over 2 in (Arm-type wheels) for an

assumed average of 3 in tyre . 5\ 19 ,,
(x) Total wear all carts (viii- ix) 77
(xi) Ratio of (vii) to () 1 to 10

72. Against this the following points may be mentioned : —

(i) A large number of carts operate in rural areas having
few motalled roads and in many cases no roads at all.

(ii) Many of the rural roads whereever they exist and are
used mostly by carts have a poor standard of main-
tenance.

(iii) Only urban carts ply for 12 months. Most of the rural
carts are idle during the monsoon.

(iv) A good proportion of the present maintenance grants is
spent on roads carrying mixed traffic.

(v) Before the advent of motor vehieles maintenance grants
used to be smaller.

73. Tt is difficult to make an allowance for thesc facts but
it seems a safe guess to assume that only about 20 per cent
of the curts operate throughout the year on roads at present

9
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maintained. In that case the ratio of damage to roads done by

all motor vehicles to that cuused by the cart rati
same roads works out to 1 : %. y e operating on the

74. Total expenditure on roads from diffe i
pre-partition India was about Rs 12 crores during fggbyzzgr:x?;irlln
31st march 1945 (Basic Road Statistics of Iundia, Page 101)g
According to the I. R.T. D. A.. the figure for 1946 was about
Rs 14.8 crores. Municipal expenditure on rouds during 1941 was
1. 48 crores (Basic Road Statistics of India, P. 102) and may
taken at about Rs 1§ crores in 1946, Thus total expenditurg )e
roads during 1946 was about Rs 16} crores in pre.partition Indo'n
excluding what were then known as Indian States. An expendit o
of about Rs 3% crores may be assumed on their &ccountp '1‘12 o,
fore, the total road expenditure including maintenanc row
construction, eto., from all sources throughout pre-p&rtit'ow,Ing'W
may be taken at about Rs 20 crores per annum. on ndiw

75. 1In calculating savings in dama
vehicles it may be safe to consider only thegieggﬁ-?bitl? rosds by
out expenditure on original works and devclopment Thgn' owve
70 per cent of total expenditure, i. e., Rs 14 crores pe puidieg abont
of Rs 20 crores. On the basis mentioned in gr; ‘L;l:;;um out
vehicles would account for about Rs 4.66 crorep d on motor
about Rs 9.34 crores. 8 and carts for

76. A 3{ in. tyre produces a savin :
road repairs over that of a 2 in. tsyrge.Of '}zzutliill};? oﬁfent ta
emp}oymg the latter is about 52 out of 784 lacs in post- t(;a'rts
India, i.e., about two thirds. The remaining one-third are &)ar on
wheels employing wide tyres hence they cannot be t krm-t_ype
account in arriving at an All-India saving, Tbereforea o A
India saving *{y employing the proposed 3% in. tyre will ,b oo All-
order of 2/3 x 35=say 24 per cent of Rs 9.34 eoro _be of the
Rs 2} crores per annum. B 1e8, 1. e., about

77. The scheme discussed in thi .
cost of the proposed wheels excludin:;tlf;&p:;le?:vm_a'g“ that the
be borne by the carters as it is cstimated to be ak?(;ﬁf?ent should
at present. That of the axle-equipment providing g 1:10 same &s
etc.,should be borne by the State out of the sa,vings N 'allg“meflt,
latter work out'to about Rs 2} crores per an gs on roads, The
The scheme of improvement num as shown ahove.

will
corresponding to the life of a wlhelg:(; z?‘;)tee?gfa%- over a period
due fofr renewal it receives a subvention. lele 111.1}0 a wheel is
Zﬁ;les rom about 15 to 20 years, say 17 Voars on s ife of a wheel
number of carts is about 87 lacs (we are con 'dn average, and
partition figure as the above figure of R 2 Orores; l:ll:tg t}:e pre-
es to pre-
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partition period). Therefore, the pumber of carts to be improved
per annum is about 5 lacs against an estimated saving on road
repairs of about Rs 2} crores. This works out to about Rs 4D
per cart or ks 22 per wheel per annum on the improvement of
the axle-equipment.

78. Now there is obviously no point in the State spending
this entiro saving on improving the axle-equipment gince it is the
same whether you spend your momney un roads and keep the
wheels as they are or you save money on roads and spend the
saving on your wheels. In factkeeping the wheels as they are
being the line of least resistance the State would prefer to do that.
The scheme would be economical only if the State can effect the
improvement within say half this amcunt so that the remaining
half is the nett saving to the tax-payer. Obp this reasoning the
average margin for improving the axle-equipment works out to
only about Rs 10 per equipment both urban and rural, as shown
below. The figures are for pre-partition India.

79. 1. Average road maintenance per annum ex-
cluding original works and development : 70
per cent of total of Rs 20 crores (para. 73, Rs 14 Crores.

2. Dne to carts assumed at 2/3rd : (para. 79) Rs Y34 ,,

3. Saving by widening tyres: 24 per cent

(para. 76) Rs 224 ,,
4. To be spent on axle-equipment : 50 per cent :

(para. 78) Re 112 ,,
5. Administration charges: 10 per cent Rs 0.12 ,,
6. Balance available Rs 1460

7. Number of carts to be improved per annum
(87 +17) (para. 79) Rs 5 lacs.

8. Amount per cart out of saving on road
maintenance Rs 20

9. Amount per wheel out of saving on road
maintenance Rs 10

In the above conclusions, saving obtained from only about 20 per
cent of the carts are heing utilised for improving all carts and it
may be reasonable to press the State to spend the entire savings
on improvement if they wish to convert all carts. But in that
case the margin cannot be more than about Rs 20 per wheel.
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We thus see how small a margin can be expected on the
provision of self-alignment and flexibility and why it is
essential that the cost of the new wheels must be as near as
practicable to that of the wheels in use at present.

80. Now, if we leave out self-alignment and flexibili

time being, then the State need incurgno lability onxint:;)l;f))\’zé(getnl}ci
since the cost of the proposcd wheels without a provision for sclf-
alignment and flexibility will be about the samo as that of th

present wheels and, therefore, can be borne by the carters, B (t‘,
since the wheels are not self-aligning the maximum savin ir; r lld
mai.ntenance cannot be had. However, there is bound tog be -

saving on account of the proposed wide tyres sinco it can :0111;0
said that a cart has necessarily to hug the crown of a ad darine
the entire period of its travel. When it travels or; ’t
road its tyres contact a road surface fully without
If this period be about half then the saving to the
the same as with a provision for sclf alignment
State go in for it ? '

road; during
he side of' a
self-alignment.
State is exactly
Why should the

81. The only ground on which it can be
#exibility since savings on account of it both to r
necks have not been included in these figures
them. Thus on financial grounds we arrive
conclusions :—

justified will be
ouds and bullockg'
and are extra to
at the following

(i) A scheme of wide tyres without g
alignment in the wheels will produc
saving to the State as if self-
at the cost of the State.

provision for gelf-
pr © about the same
alignment were provided

(ii) Therefore the State can be justified j .
alignment only if it Provi(Jlee ﬂf}?{ill?i]i[t)mwldmg self-
. flexibility will produce more suvingg Y also since

(iii) In any case a cost on thias acec
to Rs 20 per wheel cannot b
only if the oost of muintainin
groater than that of maintaj

ount of more than R,

nt o 8 1
® Justified and then tog
g the new wheels i8 not
ning the prescnt wheels,

82. These conclusions su
time being will be to introducegt{fgt;ct}l:euil:tﬁ d
without self-alignment and flexibility ag iy FiCe tyres intiall
resistance and then to think of ways and 18 the line of least
s‘elf-allgnment, ete., grad_ually when prices a meane. @o introduce
States are better placed in regard to fy re stabilised and the

cance of conclusion (x) in para. 70 ab!:)d;l That is the signifi-

best course for the
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Annexure I.
SPOKE-TYPE WHEELS.
Zone I: D=or greater than 2 (11-13 in.)
. — b
No. Station -%zz ;E;.E %) % Difference.
T A i AE
- Q w
Inches 1Inches Inches Tnches
1. Trivandrum 40 54 57 -3
2. Madura 46 66 64 - 2 Diff. nominal
3. Trichinopoly 42 58 66 4-8
4. Mettupalaiyan 46 66 61 -5 Ghat road
5. Bangalore 45 64 71 -+7
6. Madras 46 66 66 —
7. Cuddapah 40 54 54 —
8. Guntakal 41 56 60 4
9. Hublj 39 52 56 .14
10. Goa 39 52 58 -6
Average : 43 59 61 +2 On average
Zone 2: D less than 2 (H-13 in.) by about 12 in.
1. Ratnagiri + 36 46 51 4 5
2. Sholapur 44 62 52 - 10
3. Secunderabad 45 64 5 - 9
4. Bezwada 50 4 63 _11
5. Waltair 51 76 68 - §
6. Rayaghada 46 66 54 _19
7. Bastar 42 58 48 _10
8. Warangal 42 58 B 4
9. Adilabad 39 52 43 _
10. Aurangabad 39 52 48 : 4
11. Nasik 42 58 45  _)3
12. Bombay 42 58 53 "
13. Mahableshwar 4R 70 , T
. o o 48 - 24 (that road
verage : 44 ea T
il 61 h  — 8 On average

——
—

——

No.

I N o

[ o o )
N oSk N ~2

._
*

Station

Height of
Bullocks

Inches

2(H-13

in.)

D=

" Diameter

employed

Inches Inches

Difference.

Inches

Zone 3: D less than 2(H-13 in.) by 12 in. to 24 in.

Surat 16
Yeotmal 45
Ganjam 54
Sambalpur 12
Raipur 45
Nagpur 40
Ellichpur 45
Indore 46
[tarsi 490
Jubbulpore 46
Chirimiri 46
Satna _ 40
Saugor 46
Ratlam 46
Udaipur 45
Salpura 39
Jhansi 48

Sawai Madhopur 45

—

Average : 45

66
64
82
38
64
H4
64
66
54
66
66
54
66
66
64
52
70
64

¢3

iR
42
61
45
48
42
42
54
39
45
45
48
45
a4

Zone 4: D less than 2(H-13 in) by 36

Ahmedabad (A wheel) 57
Raniwara: 3% in. tyre: 46
Jodhpur }S-Wheel 52

Bikaner |with broad b5
wooden
tyres
Average: 63

88
66
78
84

46
32
36

S18
22
-2l
-13
-16
~12
~22
~12
-15
—21
~21
-6
-21
-12
- 22
-1
~28
- 24

— 17 On average

in. to 48 in.

- 42
-34

-42
-49

- 42 On average
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. 2 = T2 .
No. Station e | X8 g % Difference.
T B i 8
me | A a8

Inches Inches Inches Inches

ARM-TYPE WHEELS
Zone 5: D less than 2(H-13 in.) by about 15 in. to 30 in.

275

X4

PO  PLATE 1

70
64
82
76
76
88
82
82
78

49
43
49
50
60
60
66
54

54

- 21
~21
-~-33
~26
-16
-28
- 16
- 28

~24 On average

Zone 6: D less than 2(H-13 in.) upto about-15 in.

1. Dehra Dun 48
2. Sadalpur 45
3. Meerut 54
4. Bareilly 51
5. Agra 51
8. Lucknow 57
7. Allahabad (1) 54
2) 54
Average : 52
1. Fyzabad 45
2. Gorakpur 45
3. Patna 45
4. Bakra-Kana 42
6. Tatanagar 45
6. Bankura 44
7. Berampur 46
8. Cuttack 48
Average : _43

64
64
64
58
64
62
66
70

—

684

b3
58
54
48
48
51
54
61
54

-9
- 6
~-10
~10
-16
-11
-12
-9

- 10 ()n average

Zone 7: D less than 2(H-13 in.) by about 15 in. to 30 in-

1. Gauhati 52
2. Nowgong 48
Average : 7’5

78
70

44
51

48

-34
-19

—

- 26 On average

—
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SYNOPSIS

The Paper attempts to focus attontion on the necessity fur a continual bridge
b“i!‘““(-,' programme 8o that tecknica! skill and * knuW-how ?? may develop and be
maintained in this country,

2. 'The Author advoeates that Joans should be raised for building bridges
and paid off by levying tolls on such bridaes  Depondinco on allotments from
State revonues for bui'ding bridyss will not lead to the fu'ti'ment, in the visible
future, of the country?’s requiroments of commua:ications, The Author gives
figures based on his exporienco on toll bridges in the Punjib.

3. Dotails of the financin! and ongincoring orgauization and equipment
required for continued bridging work are discussod. Equipment suggested to be
held in Stato or Central reserve is listed,

1. INTRODUCTION

1.1. The construction of bridges over streams is an important
part of the communication programme of a country. India, with
the world’s highest mountains, the Himalayas, in the North, the
lower ranges of the Aravali and the Vindhyas in the Centre, and
the Western Ghats with the plateau of the Deccan in the South,
together with its monsoons which distribute rainfall in very varied
intensities in different parts of the country, presents indeed, &
uhique diversity of bridging problems.

10
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advantages are not unaccompanied by correspondingly big com-
munication problems and other complications. To attain parity
with other countries in communication facilities numerous streams
big and small, have to be trained, controlled and bridged. . India
thus needs a very heavy bridging programme before hgr transport

gystem can adequately link up the different areas of this thickly
populated vast sub-continent,

2 5. The numerous factors affecting the stability of structures
have each to be studied in detail and unless there are teams of

engineers and scientiste continuously absorbed in these investi- .

gations, the elements may continue to defy control. If, on the
other hand, a team of bridge-engineers is employed as a solf-
contained unit in each State, within a few years they should not
only have analysed all the natural phenomena affecting structures
in cach locality but should also have found ways and means of
cheaply overcoming most of the natural impediments in. the
successfu] execution of such works.

2.6. Continuous working also leads to standardisation of pro-‘ <

cesscs, evolution of new techniques, and collection of skilled speci-
alist technical personnel. The absence of each of the above three
factors is chiefly responsible for the high cost of bridge worksand
the timo it takes to execute them. As soon as the bridge engineer
in India is assured of continuous work, he will also booena,bled to
examine his problems well ahead, to reason out the most economi.
cal way of solving them. and to start execution at the most propi-
tious time of the year thus enabling quick and economical
completion of his undertakings. )

2.7. Immediately following the completion of t

on the different routes, the asses;gsed demm?d of the t:igg %ﬁvfﬂz
next 25 years should be placed before the bridge engincer for
providing adequate facilities of crossing the streams on the selected
route. He will then have to initiate preliminary investi\gat,i‘ons

planning of the bridge-building programme, and formulation of
economical designs for the proposed bridge structures. Continuous
observations and correct hydraulic and geological data go a lon

way towards the cxact assessment of the natural forces callod intg
play and this in turn helps the adoption of sound and economical
désigns. ,

2.8. With the limited: financial resources of our cou
may be a long time before we can afford expensive structures, 1
some cases the intensity of traffic may only justify temporar n
semi-permanent structures with a limited load-carrying x:,a %c};tor
It is this, more oven than the demand for Fermanent ;tmg;,u ey.
which calls for a separate self-contained bridge-building unif,r isp’

ntry, it
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each State, so that a start is made with comparatively cheaper
semi-permanent structurcs where the traffic demand is light to be
gradually replaced by permanent structures as the traffic warrants.
The components of these released semi-permanent structures can
then again be used in some other place. Correct continuouvs
planning and cheap execution of works in the present state of our
economy when funds are scarce and the country is not industrially
developed are thus a very vital need.

2.9. There has been a great dearth of plant and machinery
throughout the country but it must also be admitted that where
plant and machinery were procured for a particular work, the
maximum benefit could not often be derived from the equipment
owing to the discontinuity of the subsequent programme. To
keep equipment continually employed and to have it properly
looked after is the best way of getting the maximum value out of
it. Unless works of a similar nature are expected, any investment
in plant and machinery for a single work ot short duration is very
wasteful.

2.10. Technical personnel of the right type are not very
common in India. Men have to be trained as technicians and it is
only by the hard way of practical work that mastery in mechanical
processes is attained. Unless continuity in work is ensured, the
valuable experience of the keen and imaginative worker gets
lost to the profession. This is, therefore, an ever-recurring
national loss when work is done by fits and starts and needs
avoidance particularly when the country has such a huge bridging
programme awaiting a start.

3. WAYS AND MEANS

3.1. Bridging is the most expensive single item in the
communication programme. Since bridges are essential for
opening up the backward areas and ensuring uniform economic
development throughout the country, the time has now arrived to
examine our immediate requirement in detail and to find ways and
means of meeting this demand. By not building a major bridge
across a river we force all traffic to go round by a different roate
which not only takes more time but is also more expensive
because of the longer alternative lead. The light industries on
which the common man thrives become uneconomical and
unworkable and the worker is thrown idle by the highe® costs of
raw materials and the lack of marketing facilities for his
manufactured products. This results in economic backwardness
which militates against the general advancement of the country,

3.2. The Nagpur Conference of-Chief Engineers in 1943
visualized a total capital expenditure of Rs 45 crores on major
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bridging which at the present prevailing rates may be taken as
Rs 90 crores. Whereas it is accepted that the present economic
position of India does not allow of this great expense within the
the next fifteen years, it must not be forgotten that there are some
schemes which must get through before any economio progress is
possible at all. All manufacturing areas must have as straight an
access as possible to the main sources of supply and to the centres
of consumption for the frutful disposal of their products. For this,
the minimum requirement of each State for bridging all the main
streams which hamper the easy movement of commodities cannot
be less than Rs 3 to 5 crores for the next tem years or so. This
would mean an annual expenditure of Rs 30 to 50 lakhs and this
sum must be found.

3.3. Can the States meet this demand out of their revenue
in addition to their ordinary annual expenditure of Rs 10 lakhs or
8o on smaller bridges ? At least a like sum is also required every
yoar for the new roads leading to these bridges. It is thus olear
that to ensure some uniformity in the progress in our communi.
cations throughout the country, the States which cannot afford to
spend at least Rs 1 crore annually on the new road and bridge
development schemes have to seek the help of the Government of
India and it is for the latter to find ways and means of supporting
them. As a first step, therefore, all States must chalk out their
development requirements for the next ten years and, where they
fail to finance them fully, the Centre should come to their aid and
make their bridging programme a possibility. To foster a judicions
spending of the finances of the States on these important links
the Central authority may specify the building of these roads out
of State funds simultaneously with the bridges, which are financed
from federal funds.

3.4, Are Self-Liquidating Projects Possible?

3.41. At most of the places where major streams require
jmmediate bridging, some sort of a ferry service or boat bridge
is already being maintained. In all these casses toll is colleoted.
It is strange that, whereas we countenance a toll on a t

; € i emporary
boat bridge or a fprry for an imperfect service across a stream we
are shy of collecting tolls on & permanent bridge which, sometimes

owing to a lack of finance, remains unbuilt. In a financially
prosperous country like U. 8. A, even today several main bridges
have tolls and most of the biggest bridge schemes had to be
launched as self-liquidating projects under a public authority
specially constituted by legislation. Tt is for consideration if the
levy of tolls on some of the expensive bridges in this country
should not be al_lqwed for 2) to 50 years during which time they
pay back the initial outlay rather than postpone building these
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bridges and fail to connect the areas so far economically severed or
imperfectly linked.

3.42. A brief history of the creation of _the p‘}bl:
authorities constituted for embarking upon two big bridge projec
in the U.S8. A, and the tolls collected on them is given llln
Appendix A. AgainBt this, fOl' Conlpal‘a,tlve SbUdyy t«he t(:h:
charged on a ferry and boat bridge at Dera Go plpul‘d'on re
Jullundur-Hoshiarpur-Dharmsala Road in the Punjab (In 2&) ano
tabulated below. At this place there is, at present, 3o
permanent bridge across the Beas. The ferry plies durmgn
monsoon, whereas a boat bridge is put up during the dry seasor

Rates of Toll

=
w

Persons above 3 years age, per head
Buffalo, bull or cow yo
Buffalo or bullock (laden) ,,
Camel or donkey poow
Camel (laden)
Horse or mule (laden) woon
Sheep, goat or pig wooow
Motor lorry (empty), each

Motor lorry (laden) »

Motor car (empty), »

Motor car (laden), »

Motor oycle (with rider), each
Bicyole (with rider), each

Other vehicles with 4 wheels each
Other vehicles with 2 wheels ,,
Head load exceeding 15 seers

. P
6
0
0
0
0
0
3
0
0
0
0

0
0
0

o»—-woowwwmcoooooo
h
oooootow-ooooooo»wuswv-o

0
6
: er
3.4.3. At some of the boat bridges and ferry serv:w? &ﬁtlgg::es
sites, the recurring expense borne by the State or Cell 'racture In
is aboat three per cent of the cost of a permanent 8 r{l and t;etter
such ocases it should obviously be considered cconomica eting the
to raise loans and construct immediately the bridges me [

; i t of
interest charges from the same source from Wh.lc% -trllle (;?(81,
maintaining the temporary bridge or ferry service is being p

. b
3.44. Even where the amount of interest 18 nog)fuzlily(;::;fpuz
the cost of maintenance, as in the case of the Der
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Bridge, it may be possible to meet the expense of the initial outlay
as suggested below :—

The cost of the proposed bridge at Dera
Gopipur is Rs 18,00,000

3 per cent interest on investment Rs 654,000
% per cent repairs and maintenance charges ~ Rs 9,000

Total yearly liability . Rs 63,000
Total yearly expense now borne by the Provincial
Revenues (average) Rs 38,000

Net amount to be met out of tolls Rs 25,000 annually

or Rs 70 per day.

3.4.5. At the toll rates already prevailing on the boat bridge
at the same crossing, the project will meet the annual recurring
costs if 8 buses, 3 cars, ¥ carts and 50 la<.ien donkeys or camels
cross it every day. Actually even today, if the crossing were sure
and easy throughout the year, there would be more traffio than
the bare minimum required for collecting Rs 70 a day. After
the bridge has remained in use for some time, many times this
traffio is sure to cross it and the expected figure of daily income,
even in the first three years, may confidently be taken as :

Lorries 25 Nos. @ 3/-/- Rs 175
Cars 12 Nos. @ 2/8- Rs 30
Carts 50 Nos. @ 1/8/~ Rs 175
Donkeys 200 Nos. @ -/8/- Rs 100

Total Rs 280

34.6. The net daily saving .available for credit against the
capital outlay is Rs 210, which means a yearly income of
Rs 76,650, Thus the loan would be paid back in 23 years when
the tol! could be abolished and also the annual drain on the State
revenue, in the form of the maintenance charges of the crossing,
would have been reduced from Rs 38,000 to Rs 9,000. The toll
will thus amount to self-help which the residents of this area will
contribute towards their own future economic betterment and it
will, in the long run, also help the State finances.

ORGANIZATION OF BRIDGING AOTIVITIES 289

3.4.7. If this principle is accepted, many self-liquidating
projects similar to the billion dollar enterprises of the Americans
(vide App. A) should be possible in India in the coming future and
the bridge engineer in India would have ensured adequate
continuity of work in this important and specialised branch of
civil engineering, This may also prove a forerunner to the limited
financial self-sufficiency for ‘Roads’ similar to that enjoyed at
present by the Railways and Irrigation Liepartments. Some day,
not in the very distant future, India also must create a Public
Authority, in some respect similar to the ¢ Pennsylvania Turnpike
Commission’ for administering self-liquidating road projects which

would otherwise be delayed indefinitely if she relies on her general
revenues alone,

3.4.8. It must again be plainly repeated here that even the
U.8.A,, the richest country in the world, is unable to finance her
big bridging schemes without recourse to loans repayable by tolls.
India is comparatively poor and in spite of our best effort she
cannot escape being 8o for at least a decade more. The only two
alternatives open to her are :—

(i) Await finances, build few bridges, continue to cross
streams by ferries and pay tolls.

(i) Build bridges and pay tolls.

The progressive New India must choose the latter course.
Should, Rowever, her finances improve beyond present expec-
tations, she can give up this irksome necessity any time. In reali-
zation of the above a financial statement has been drawn up in
Appendix B which may prove of general interest.

4. ORGANIZATIONAL DETAILS OF FUTURE
BRIDGE BUILDING ACTIVITY

4-1. Financial Organization

4.1.1. Important hydraulic structures like bridges require
detailed investigations and observations of the streams at the
prospective sites. The actual construction should be taken in hand
in a definite working season when rains and floods are not expected
to damage the work while still incomplete and green. Detailed
designs have to be carefully worked out and the plant and machinery
needed for the successful and economic execution of the diflicult
works involved in the foundations and superstructures have to be
obtained and collected. Unless the bridge engineer is assured of
the funds well ahead, all these factors which are beyond his
control, not only hamper the work and confront him with difficult
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problems of execution but also raise the total oost of the
structure.

4.1.2. So long as the bridging programme is to be financed
from the general revenues, the existing system of grants may
continue except that five years’ guarantee of funds should be
given to the bridge engineer to enable him to plan his works well
ahead and ensure prompt and efficient execution during the best
working season.

4.1.3. If, however, finances have to be raised by loans on self-
liquidating projects, the detailed administration and the manage-
ment of the whole project including the finances should be
entrusted to the engineer-administrator who may be assisted by
financial and aocounts experts. As the man mainly in charge of
the affairs, the engineer also must have an effective say in the
deliberations of the public authority vested with powers for raisin
funds, assessing and collecting incomes, liquidating loans ang
assuming responsibility for further new projects.

4.1.4, The public authority, when created, will usually have
state-wide jurisdiction and to ensure general uniformity on broad
lines a central liaison agency may prove invaluable, This agency
may also be referred to for seeking independent second advice on
pnew projects for which the authority proposes to assume
responsibility.

4.2, Engineering Organization

4.2,1. An efficient unit of bridge engineers would i
an administrative engineer officer vgvith %wo to thr:}: :::::tfi:f
engineers and six to eight assistants, besides the usual ki) 3
technicians for different types of works ordinarily required ©
bridge construotion. Such a unit is recommended for each Statem

4.2.2. The maintenance of a proper organization ; .
only if at least Rs 30 to 50 lakhs worth of bljsidgewox?lzli;*‘ &Ir)x(r)ls:lll)lle
available. In spite of the generalshortage of specialist engine ally
personnel, once the finances have been assured, it woul dgsooem[];g
possible to get together a team of experts, Government Omc?ia.le
private consultants and contractors, who are able to tackle 8,
the very biggest bridge problems thst the country m evg;;
confronted with. In the course of a few years their ex rieay :
varied problems will also enable great progress in t%: snce in
techniques in numerous bridge building operations. peoial

4.2.3. Besides the engineers, the training of ) i
ocians and skilled workmen, who can ensure cfficiont teohni.

. . . ure an em 3
economic exeocution of difficult foundation works andcxie:tt; i ::tg
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works in the superstructure isa great problem in itself. Continuous
work only can ensure the picking out of useful men and it is the
training that they get on actual works that enhances their experi-
ence and usefulness Traditions will build up in the course of
time but a start must be made as early as possible.

4,2.4, Stressis once again laid onthe necessity for continuous
work which not only ensures economy in execution but also raises
the efficiency of the organization,

4.3. Tools, Plant and Machinery

The work involved in bridge construction may be
classed under the following four main sub-heads:—

(i) Site Investigation
(i) Foundations
(iit) Superstructure
(iv) Approaches

For each of these, varied types of tools, plant and machinery
are required. Every year new and more efficient machinery is
replacing the old though the basic principles on which the
machinery was originally designed usually remain the same. The
following notes specify only the basic need in plant and machinery
and anything more modern and of improved design should be
always welcome.

4.3.1. Site.Investigation

The truth of what should be expected at a particular site is
found by digging a trial pit and verilying what is hidden under-
ground. Where this becomes too costly, a boring is the next best
means of obtaining access to the required point and taking out a
sample for examination. The object is to identify and measure
the thickness and position of each stratum met with and, therefore,
the boring methods adopted should be specially designed for the
purpose in view,

4.3.1.1. Ordinary Boring.

For bridge site investigation, a 12 in. diameter bore hole is
preferable, although at a great depth, or through rock, a smaller
bore only may be economically feasible.

Tubes of the required sizes with flush standard square-thread
gsorewed connections and with shoes and drilling heads are a
normal first requirement. Clips for locking a platform on to the
tube for loading purposes and tillers and tongs to rotate the tube
back and forth are essential accessories.
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Power or Hand Rig or Shell and Auger Gear:

This is used in all types of soft ground, sands, and clays, and
may also be successfully used to 806 extent in hard materials.

The vesults are the nearcgt approach to undisturbed sampling,

Augers cun be turned by hand in cohesive materials They
are tubular, with opposite cutting edg

) e8 and with apertures for
removing the materiala,

Shells are tubes fitted with outting shoes and clacks ” 1.e.,
hinged Baps close to the shoes.

They are used for removing sandy
and loose materials and usually reguire the Presence of water.
The tool is surged up and down op the end of g rope, a wire, or &
rod, and the pumping action for

Sand Pumps are sholls fitted with & piston which can be
worked up and do

wn and so draw up the sand by suction past the
clack,

Chisels: These are of varioys shapes and designs, heavy or
light, and are lifted and dropped 6 break up hard ‘materiale for
removal by the shell or auger.

Clay Cutters: Clay can be * cored” by dropping & heavy
tube repeatedly.

Boring rods: These are necessary for turnin
at times, for operating th

e shells or chisels,
section are best. They sho i

of being screwed on to give almost any length and able to stand
considerable torque. They can be lifted ang lowered by means of

“lifting dogs . They can be turned by tillers or hand dogs or
by other mechanical means.

g augers and
Those of square

Other tools, such as worm an
their own place in the boring o

gers and shell augers, have
different types of work.

perations and are neaded for

Tripods: These must be bigh enough to allow strings of
tools to be hauled up with minimum unacrewing but short; enough
for easy erection and handling at sites, In most cases one of the
three legs usually exists in two parts close together with the
winding gear fixed between them. ~ Some

of the hand-crabs fixed
to the tripods have also fast and looge pull

eys for belt.drive,
Power Units: These must be portable and yet strong enough
for handling different types of bore-holes. Air.cooled units, of § to

8 horse power, sre useful and 30 cwt piling winches have aleo

proved very valuable where much chisel work is needed,
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Clay and sand samplers of standard designs arc used for
testing samples of clays and sands encountered during boring.

LIFTING DOG FLA7 CHMISEL

AUGER

SHELL

NEAVY CH/SL.

4.3.1.2. Percussion Drilling

* The rotary motion of & prime mover is turned into an up and
down motion by means of & horizontal beam through the end of
which the boring rope is passed.

I



994 NANGEA oN

' The ,t;ools consist of various chiscls and bits which are
‘‘jumped ” up and down, reducing the ground or pebbles and

small boulders to a condition in which they car i
' 1 be |
a bailer to a shell, ? ¢ brought up in

Photograph 1,

Percussion Boring Plant with rig

4.3.1.3. Rotary Chilled.Shot Boring

1n its simplest form thie consisl
) s of a Yy v
passes a square rod whick By ﬂblet
benecath, ¢h 18 connected by hollow rodlzr?(l)l %}iwl:icli
€ 100
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The tool consists of a steel tube with slots at the bottom edge.
The chilled shots pass into the slots and then under the edge of the
cutter. The rotation causes the shots 1o wear a slot into the rock
and the debris are washed up with the retarn water.

Thus a core is left which passes up into the tool, Grit is
drppped into the circulating water and helps to cause the core to
grip the tool.  Tho tool is raised carrving the core with it,

This rig can be adapted to ordinary horing shell and auger
work at any timoe; hence it fits in well with the ordinary boring
equipment.

Photograph 2,

Rotary Chilled-shot Calyx Drill,
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the core-lifter, a small spring at the base of the core barrel, This
drill is useful in proving and sampling rock in ordinary site-investi-
gation borings to a depth of 100 feet.

Plintograph 3.

Rotary Chilledsshot Drill with Rig and other allied ¢cquipment.

4.3.1.4. Diamond Drilling by mcans of rotary bits in which
arec cmbedded hard commercial diamonds.

As the material 1is
cxpensive, diamond bits and cores are usually small. The bit is

rotated at speeds of up to 1500 revolutions per minute, depending
on the kind of rock to be picrced and the size of the bit, whilst a

Photosvaph 4.
sufficient strecam of water under pressure must be pumped down Light Diamond Drili.
the hollow rods on which the bits are mounted. This is not only
to wash the pulverized material to the surface but also to cool the

bits, so that if the wash-water is lost in fissures, drilling must stop
while the fissure is grouted. A cylindrical core is produced which
passes into the core barrel above the bit and is retained thero by
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4.3.2. Foundation Work

Any of the following meth

reach the required depths for | ods may have to be adopted to

aying foundations.
4.3.2.1. Open Foundations

Wate?}izl;cf]mtx)ndation work often calls for lowering of the sub-soil
) use of heavy pumping i .
Slcflghﬁzl;l}{): luf;ed should be portable and cab,,pszle génlige((}}:cph?:;:u

» least number of pumps is used at cuch foundation pit.

Open foundation work is gene
datio! rall i
more than 30-35 feet belowgtvhe :ub}is:i(l)twfx(t:g: ?:\1':301&1 for depths of

The theoretical suction-head
feet but even efficient pumps seld

fleee;do;rzo. eIPt'u?lps capable of overcoming 15 to 20 fect suction-
(sump) fo% lllcollibl'y more economical and common. The suction pit
e Ciiow ‘m% the fpot-valvo is usually kept two feet below
almost dr P)itllu OTht‘he pit dewatered to enable men to work in an
Strainor sg éhat I L‘ foot-va'xlve should be carefully protected by a
valve and stop gigc;su;fpg;:fn?lr (ﬁgiﬁnd wogd do not get into {he
. w
g‘gdlcxixlxal}y cic_afriltrlfuguls driven by diegel 02; cerl'ect'fil:;ell))(:lvggs uTSE(:
moverg i'lir?ﬁ) 1 lid f:pcqhanlsmg for starting and working tho prime
ferred when Sgt -priming cquipment for the pumps should be pre-
e aren obtainable. Since the pumps have to be worked j
eds liable to floods and may sometimes get submerged f::

even three to four days at a ti
time, T .
under stch conditions should be p?ef:xl']r%s(f fiable: to least dumago

possible for a pump is about 34
om are able to suck more than 25

A five-inch suction and f i i
. : our-inch deliver i
;r:l]la:};gstacrgnv%glenb size to use but 8.in. sucti}(,)r{)‘:ﬁg (lisilrllsuge]}{vg:;
often i ion h
pamps ax required Wh@re heavy percolation has to be

) lakI}il(?lﬁ) of ﬂie pits dewatered in the Author's ex
2 gallons of water per hour were bein

nuously {or 15 days without

_ /o : a break. The pum aine

llilr_nttll.ge“mk‘should be capable of such congnuoplsl‘sObt(un'(dd ?Or
Inimum stoppages for oiling and cleaning work with

perience, over
g pumped out conti-

~ Where power is availablo, electric
for continuous work. But wheneve
diesel pumps of 25 per cent t
available a8 stand-bye or,

a,ll}lf dtri‘ven pumps are ideal
r clectrioc pumps are d
3 hte;1 total capacity should genera,]lll;'cbe)

ere 18 a breakdown in the power
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supply, all the machinery and ha}{-finished work helow the sub-
soil water level is liable to get sumbmerged. The sides of the pit
are then apt to fall in which entails a lot of work belore any

further progress is possible.

Usually open foundations are adopted in boulder beds where
pumping is heavy and some big boulders have to be blasted out.
The blast holes are required to be put in quickly for which light
drills are required. Petrol rock drills for heavy duty or an electric
or a pneumatic drill capable of putting in blast holes one inch in
diameter and 3 to 4 feet deep in the toughest rock or stone should
be available in such cases.

4.3.2.2. Open Well Sinking

Most of the major bridges in the alluvial plains of India are
founded on wells. Generally, the most economical form of well
sinking is by open-dredging. Dredgers of different shapes and
sizes and of special designs suitable for dredging out different types
of strata are available and used. The ordinary Bull’s dredger is
suitable for work in sand, or sand and clay, or sand and fine grit.
Where boulders and bajri have to be dug out, tooth-grabs or
grapple-dredgers are needed. Orange-peel grabs or rose shape
three-jaw or four-jaw grabs have been known to pick up boulder up
to 2 ft diameter.

The sizes of the grabs differ with the sizes of the dredge holes
in the well. The most common dredge-hole is 8 ftin diameter,
whereas 5 or 6 ft diameter circular, or oval, or rectangular holes
are also used. Dredgers from 5 to 20 cu. ft (§ to 2 tons) capacity
are in use according to the requirements of each case.

Sal wood derricks are often used for this type of work, but
gometimes steam or diesel cranes are worked with great case for
land or island piers.

Scotch derrick cranes worked by steam hoists on barges are
usual for pier work in flowing rivers, but where electric power is
available electric hoists fitted on gantries on the sinking set may
be preferred.

Ordinarily, 1 to 3 ton double cylinder steamn hoists with
vertioal boilers are economical for jobs in distant out-of-the-way
places.

While sinking wells, sometimes some obstruction like an old
stump of a tree, or the embedded remains of an old masonry
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st:ructure, or pieces of rock, ete., are encountered. In such es
divers have to be sent down to clear the cutting edge l'I?l?:;t;e
divers work in shifts of four hours or so for depths u gt'o 30 feet
below the water level and 24 hours or less at greater de%ﬁhs

» Photograph 5,

Muilti.blade grab operated by ring discharge gear.

Bometimes skin friction m

& k 1 1 " .
down. In such cases water je1 es it very difficult to force a well

ts or compressed air jets worked by

ORGANIZATION OF BRIDGING ACTIVITIES 304

Y
divers and applied all round the cutting edge help the work of
sinking. '

In boulder beds, the pit in the centre is dredged deep and then
a gelignite charge is thrown in the centre of the well to give the
well a good jerk. This also helps in moving the boulders from
under the cutting edge to the central pit wherefrom they can be
dredged out. Rail-cluster-chisels of different designs have also
helped dredging and sinking. Sometimes pumping out the well,
called “ running ”, is resorted to. o

Where the obstruction takes the form of a difficult stratum of
unsound rock or huge boulders, it can often only be tackled by
completely dewatering the wells As already stated, for a depth
of water up to about 30 feet centrifugal pumps can be usefully
employed for this purpose. For greater depths, pulsometer pumps
worked with steam boilers may be used. These pulsometer
pumps require large volumes of steam and, to achieve ‘good
results, big boilers with insulated steam pipes should be procured.

4.3.2.3. Pneumatic Well Sinking

Where open dredging becomes impossible and evendewatering
is not practicable and the obstruction is likely to take a long time
to remove, pnecumatic work may be adopted.

On account of man's inability to work effectively under a
pressure exceeding 50 Ib per square inch, the maximum depth to
which this work can usually be carried out is about 110 feet below

water level.

In pneumatic work, the most usual handicap is the small
capacity of both muck-lock and man-lock. This becomes most
serious with higher pressures which necessitate longer stage
decompression and shorter working shifts and also when dealing
with high shafts which require the passage through the locks of
larger quantities of materials and larger numbers okdagn. _

£
o JULY B T

Under Indian conditions, 8 ft di
foundation wells are common. A .
the necessary shafts and conncctghs
goneral use. ®

Good and efficient co'mprcssmgp!a
a capacity at least 25 per cen¥ ip
maintain the ‘working pressure ndcess
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chamber reasonably dry, or to provide at least 600 cubic feet of
free air per man per hour, whichever may be greator.

With clectrical drive there shoukl be a stand-by source of
diesel or other power of 50 per cont of the total qutlire'm(xrlts_

" With other than electric drive, not more than 50 nar o

the, compressor units should be driven from a’“ypbolne%?gw: ‘{
unit, and where possible, the power units shoulq be made P tor
changeable. ade intor-

Man-.locks should be of ample capacj : .
in a sanitary condition, and suiltj:a.blyxf)it,igghgogr :ﬁlltllated, kept
convenience of the men An electriog] or hot o comfort and
should be provided for ase in the ¢olq weathor -water mdm'tor
the cold produced temporarily in decompreisio,nor for combating
When the working pressure ox 9K
inch,la. inegicai]dl-i)ck should bo Pfoc:ied(isd 2:15 I;gl;}[:(ls p‘e];&r' squ_at:,e
The lock should be fitted wit} 5} reasonable working si A
necessities, including a bed not less than six feet 1cx(1) rllgr?;tflelnces an

4324, Pile Foundations
0 Pile foundations have of b
other types and are bej
bridges. The piles are pr;gv{nore o

designed to the requy;
. quirement;
and the weight and design o‘; (t),lfl the strat

#n been found more cconomical than

suitable shocs and caps
3 to bo pagsed through
® monkey or stean hammer.

~ Pre.cast piles

a suitably deslignedm'?g l)(;l.plu(-,ed up-right. in wooden frames or 0P
by hammers dr L® Which serves ng p guido, They are driven
zesults are often obty; 1 hom from derricke or cranes. Better
ted by ::;L‘Vhen the hammers of the doublo-acting
r the stearﬂﬁ Of compressed air. In the double’
to0 the cylinder ME raises the striking part and 18

menting the action of grayigy " (10 °Wn-stroke as well, supple-

5 )
Ifée U.S. A. thi
R . . . .t S
piles ery c his type of foundation using steel or conoret®

OmMMmon in gityats
exPected. . Situations where deep orosion is nob

‘ Wﬁen using pi .
gimilar "ty pes, f &l‘?ﬁhg;‘:t.m 8itu, Vibro or Franki type OF
Processes viz., ordinary hol,s- Put in as desoribed jn the boring
L TIng, percussion drilling or rotary

Pl
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chilled-shot boring and after placing the reinforcement cage the
pile is cast in position and the tube is left in place or replaced or
withdrawn altogether as the designer of the piles specifies.

4.3.3. Superstructure

The superstructure requires staging and scaffolding for
erection. In some steel structures, the individual members are
hoisted, laid out, and erected on staging.

Holsts and cranes arc nccessary for hoisting and placing
cach member in position and hydraulic or ordinary screw-jacks
may be needed for holding them at the exact levels. For riveting,
pneumatic riveting hammers of suitable sizos may be used. For
drilling holes that may be necessary duriug erection. an electric or
poeumatic drill may be useful. In steelwork field welding
equipment is usually a necessity. Steel surfaces may also be
cleaned by pneumatic brushes.

IMor concrete structures, the base forms are laid on the
supports, and then the reinforcement is laid out, tied, and
agsembled and, as soon as the side-forme have been erected, the
concrete is pourcd in*

Concrete mixers with concrele conveying equipment and
gipes may be used according to the magnitude of the work.
neumatic conctete vibrators cnsure good quality concrete with
excellent finish and are recommended for important jobs.

4.3.4. Approaches

8o far enrthwork in India has mainly been done by manual
labour and donkeys. Slowly when this gives place to tho employ-
went of mechanical appliances, particularly in the case of high
embankments, oxcavating machinery will come in demand. Some
of the modern machines, with 10 vards buckets, can achieve 16,000
cubic yards per day. Howcever, for the present, this machinery
may not he considered as essential.

[n rocky approaches requiring heavy blasting, quick work can
often be ensured if 4 small portable air compressor with a pneuma-
tio drill is available, capable of putting in one inch diameter, 3 to
4 feet: decp bore-holes in rock.

» ﬁuu also LR O Papor No, L47 ontitled * An adaptable <ten! conwring fur
K. C, Bridyos » by A, Nugoswars Ayyuwr—I R. C, Journal Vo, X1V—3,
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Appendix A.

The following is the history of the creation of public
authorities constituted for ecmbarking upon two big bn‘d;e
g

projects in the U. 8. A. 1—
. San Frapsisco-Oakland Bay Bridge.

Cost-—78,000,000 dollars.
Length of main stracture—2

By 1416 the agitation for 2 bridge had progressed so far
that  number of proposals were suvbmitfed at a hearing
held by the War Department, but no action was taken.
At tho close of the first World War interest revived.
Severaj promoters gought franchises, the granting of
which rested at that time with the Board of Supervisors
of San Fransisco County. In 1921, when thirteen
applications for {ranchises had been filed, another
hearing befors the War Department was held. At this
time a ruling was made that no bridgoe of any kind would be
approved north of Hunter's Point. However, the people
of the Bay Region would not accept ¢his ruling as final.
Proposals wero submitted each year, some of which were
for a tridge north of Huntcr's Point, uutil by 1928 thirty-
oight applications Were in the hands of the Board of
Supervisors. Meanwhile public interest had turned
towards the financing of tho bridge by revenue bonds,
which had boon 8o succossful under the Port of New-

York Authority.

2,720 fect.

In 1929 President Hoover annaunced the appointment of
the Hoover.Young San Fransisco Bay Bridge Commission
Bnc‘i the state legislature passed the California Toll
Bridge Authority Aot which declared the policy of
Rcquiring i) existing Culiforais toll bridges, vested the
power to grant franchises for private toll bridges in the
Department of Public Works created bY California Toll
Bridge Authority, assigned the Department of Public
Works as the agent to dosign, constriict and operate toll
bridges, and pravided for the financing of contruction by
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The legislature also
fornia Toll Bridge Authority to “lay

nstruct 8 highway crossing connecting
Fransisco Wwith the County of

the sale of revenu® bonds.

authorised the Cali
out, acquire and co
the City of San
Alameda.”

Triborough Bridges-
Cost I56,35'2,000 dollars.
nite official action towards constructing the

The first dof as taken in the spring of 1027, when

Triboroﬂgi“n: were drawn and 150,000 dollars were
generul iﬁted by the Board of Estimate and Apportionment
appropria’®

e and borings In 1929 the Board ordered the
for surve yn of plans and the drafting of a municipal act
com;.)leht‘;le Triborough Biidge a toll project financed by
makmigwe stock or serial bonds, and appropriated three
coﬁﬁ‘;il dollars to begin work. Land for approaches at
:;‘10 pridgeheads in Manhattan and Astoria was then
aoquired and anchorages were ‘constructed for the main
suspension bridge over Hell Gate between Astori& and
ard’s Teland. Nothing m().re was done until 1932. [n
{hat year the Tribo'rou.gh I‘Srldge was placed at the head
of the list of Self-liquidating projects recommended by
Governor Lehman's State Emergency Public Works
Commission to the Reconstruction. As the city was
unable to finance the undertaking with its own bonds or
oorporate stock, it was agreed that an Authority would
be established by state law having the power to issue
bonds secured by tolls and which would not involve the
credit of the city. Tho city was, however, authorized to
co_nt‘rlbute toward .the cost 'of land. The Reconstruction
Finance Corporation, which had been studying the
project, recommended it to the Public Works Adminis.
tration which in turn agreed to finance the bridge by
means of a 35,000,000 dollar loan and a fedoral grant

equal to thirty per cent of the amount actually expended
for labour and mutcrials. '
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The table below and graphs on page 310 give some very
interesting information about the Triborengh Bridge Awthority
bridges in America.

Triborough | Marine
Total Rat and Bronx. | Herry Hudson| Part and
otal BRates White-stone | Bridge Cross Bay
Bridge i ‘ Bridge
cents cents ] cents
Passenger automobiles, '
all types taxi cabs,
ambulances, licarses
and horse-drawn vehi- 25 10 10
cles. ‘
2.axlo trucks, registerod‘x Only pleasure
weight 2 tons and | cars and motor
‘under. ' 26 cycles allowed 10
Trucks, registered weighti
over 2 tons to and’
including 5 tons. ! 35 26
Trucks registered weight
over O tons. 50 36
Chartered buses. ! 50 35
3.axle trucks, tractors or!
passenger automobiles
with semi-trailer. 60 40
4.axlo trucks, tractors or'
passenger automobiles
with trailers. 75 50
Franchise buses. 25 10
Motor cycles. 15 10 10
Bicycles. 10 — 5
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VEHICLES USING TRIBOROUGH — BRIDGES

1936

987

1978
| 1939
1940

4,756,008

7,420,111 14,353,845

11,231,326

TRIBOROUGH

4,/70,030

6,317,899

WHITE STONE

204,208

6,418,661

10,322,002

12,676,3331'%.843,

HENRY HUDSON

1,034,629

2,540,209
/888,448

2,637,662

MARINE

2,925,441

Xd427,953

CROSS BAY

4,960,216

IB, 495;2)’

33,666,078

3 ln’/"‘zl

1936

1237
938
/938

COMBINED

Ijq
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FINANCES OF THE TRIBOROUGH BRIDGE AUTHORITY

(i)

(ii)

Where the money came from :

The Authority sold $ 98,700,000 of Tri-
borough Bridge Authority bonds to a syndi-
cate of bankers on Fobruary 21, 1940 to
redeem § 53,000,000 of old Triborough

. Bridge Authority bonds and $ 18,000,000

of old New York City Parkway Authority
bonds and provide additional money for new
construction, the proceeds of the sale being

From the Federal Administration of Pub-
lic Works a grant of 30 per cent on amounts
actually expended for labour and materials
in constructing the Triborough Bridge

Before the Triborough Bridge Authority
was created in 1933, the City of New York
appropriated for the Triborough Bridge

After the Authority was created, the City
appropriated for land :

For the Triborough Bridge & 10,700,000
For the Cross Bay Parkway

Bridge and Rockaway

Improvement 3,100,000

Revenues—July 11, 1936 to April 1, 1942.

(Estimated by the Refinancing Agreement
of February 13, 1940. The Authority was
authorized to expend all or any part of the
existing balances of Revenues and of the
Revenues from them to April 1, 1942, for
additional construction work or any other
lawful purpose)

Total money available to the Authority :

How this money was spent :

doliars

98,586,000

9,200,000

5,400,000

13,800,000

29,366,000
166,352,000

Construction of the Triborough Bridge:

Real Estate 23,700,000

Construction including engineering
and overhead 36,600,000

60,300,000
14
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dollars
B/F 60,300,000
Construction of the Heary Hudson Bridge:

" Real Eatato 635,000
Construction including engineering
and overhead 4,465,000

———— 5,100,000
Construction of the Marine Parkway Bridge
and Improvement at Jacob Riis Parking Field :

Construction including engineering and overhead 6,000,000
Construction of the Bronx-Whitestone Bridge :

Real Estate 1,070,000

Construction including engineering
and overhead 16,715,000

— 17,785,000
Construction of the Cross Bay Parkway
Bridge and Rockway Improvement :

Real Estate 4,600,600
Construction including engineering
and overhead 5,600,000
——— 10,200,000
Cost of redemption of old bonds and
successive refinancing of ¢ 35,000,000,
53,000,000 and 71,000,000 11,340,000
Construction of Brooklyn Elevated Parkway 15,000,000
Construction of Emmons  Avenue
Improvement 2,058,000
Construction  of Hutchinson River
Parkway Extension 7,148,000
Construction of Saw Mill River Parkway ’
Improvement 283 000
Construction of Improvements to other ,
connections and the Authority’s facilities 2,015.000
Interest on bonds paid and to be paid from T
revenues to April 1, 1942, 14,001.000
Operating Expenses (July 11, |9 T
April 1, 1942), » 1936 to £225.000

Total 156,352,000

ORGANIZATICN OF BRIDGING ACTIVITIES

(iii) How the % 98,500,000 will be repaid :

The % 50,000,000 3} per cent Sinking Fund
bonds are due February 1, 1980, Semi-
annual payments into the sinking fund
beginning August 1, 1944, at

And rising to a maximum on February
1, 1980, of

Interest at 3} per cent to be paid semi-
annually on the unredeemed balance will
amount in the first year to

And in the last year to

The % 48,500,000 of Serial Bonds will be
repaid : § 8,500,000 at 2§ per cent will be
amortized over eight years by payments
beginning February 1, 1945, at

And rising to a maximum on February
1, 1952, of

$ 40,000,000 at 3 per cent will be
amortized over twenty-three years by
payments beginning February 1, 1933, at

And rising to a maximum on February
1, 1975, of

Interest at 2} per cent on the x 8,500,000
issue and 3 per cent on the s 40,000,000
issue to be paid scmi-annually on the
unamortized balance will amount in the

- first year to

And in the last year to

318

dollars

80,000

2,330,000

1,625,000
6,300

800,000
1,275,000

1,325,00Q

1,925,000

1,433,750
4,812
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Appendix B.

As already stated in paragraph 3.4.5 of the P il
income of Rs 280 may be expected from tolls on the g::é (gogia;u);
Bridge on the Jullundur-Hoshiarpur-Dharamsala road. The cost
of the Bridge will be about Rs 18,00,000, '

This means a yearly income of Rs 1,022 ichis 5

_ cor 02,200 which is 57 per
cent of the nvestment. Similar results could be expesctaed pon
many other similarly situated river crossings. :

1t is therefore recommended that India )

‘ el aunch i
grogramqne of bridge building at a rate of Rs 3 croi:: ;eis;::?lgﬁg
bx{ances it by loans repayable by leaving tolls on all the new

ridge structures costing more than Rs 2 lakhs each. The tolls

will continue for a maximum period of 50 i
group of bridges when they must be lifted.y%“3 o each bridgo or

Attached is a financial statement (on page ;
amounts of loans required per year and( thepexgte:?;:i?o slv}voh“i?(:ggt t:l ‘;
loans are necessary and how the bridge building activity o k;)l;l
perpetug.ted after _gradua,lly raiging nearly 60 crores iny 33ou e
In working out this statement 3 per cent compound inter '%’em::i
0-5 per cent miscellaneous and maintenance charges of ebrida d
have been allowed. The loans will be raised at a rate of R?; 3
crores per year which will gradually be reduced as shown in th

statement till Rs 57,59,36,000 in all have been raised in 33 veoq e
The repayment will start in the thirty-fourth year and theytotr:i

loan would I b i
— have been completely paid back by the fifty.seventh

As will be seen in the statement, when the is i
year old .bridges, the income from toll in the ﬁtf:lyl.f;: lifted on 50
get stabilized at Rs 8,40,00,000 (as Rs 3 crores w
bridges would have been added and Rs 3 crores wort,
would have been exempted from the toll),

8t year will
orth of toll
h of bridges

In and after the fifty.seventh '
yearly income of Rs 8 trores zux}:ieaf{’sﬂ;%m]azgi be a perpetual
continued bridge building activity. By that tim a: vllable for
would also h_a.ve 171 crores worth of bridges which ° ‘]he country
place India in a proud position relative even to th will definitely
countries of the world. At that stage, if Indis Ohmost advanced
retain the toll for the major industrial and &grieu]g 00ses, she can
or she can abolish it altogether. 1If the bride bural traffic only
continued at the same rate of Rg ge building activity is

will be available for other communicc::t%? &}j:tl;g]':f“’ Rs 5,40,00,000
‘ 1tleg.

Nancxs oN ORGANIZ

2 M ke B D = o] 3
}aqcé‘cqth-h-z;gg:_‘c‘.né%k%?.‘:ﬁgfgg\;
S G S S TFDS AT S I T e 1 S s o
EEOTE AR UESRaARIERILEL
S M AL NS DA F O I X of = e
.;;_wm—«+1v-p?f.adgfa.algf%'.sfsl-’ﬁimﬂ
- _—m . m o~ - =
R BEREZREARERERERERIR 2GR ER
W CE ] WD -":’.-iom"-f\c"x;:?:'«fﬂo'-l”*"w“"
AR AN AR R IRARISIIREZE T

Yool

16%3% 2
g x
3.3.53”*, z
H -l ) -
[N ;

K

e [ - - - -
1232885833322 22223
13332593 222222223223 85 2%
32882 5E555 5222 5z 22853
NI IS A e N R Bt FIS S B E e B L
G R I RBEeEN RGN ERE R 8ER
e e ke
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ﬂ"ﬁ""v—‘ﬂ'-'v-:n*‘l‘*}:\"’:;ﬁ“lN"‘l‘*lcn.?:gigﬁﬁﬁﬁﬁ

Assests: Rs 2,91,38 000.

anr old bridees, tho income will et stabilized (@ R 84000000 per

and stable income available for further communication activities,

All toans paid back

At that time the policy of levying toll

d back by the 57th year,

-y

bt

U loans would have been pai

toll s abolished on
ful reviewing.

as shown above, n

‘vom the 518t yonr when the

yOnT an d,

NOTE 1:—F

will require care

9 :—Above figures are correct up to the nearest thousand.

NOTE



37
Note.—All the above is based on the calculations of iucome
on the traffic expected within the firat three years of the building

of Dern Gopipur bridge at the rates of toll actually charged on the
present ferry and boat bridge there.

The traffic may further
gradually increase manifold as the communicaticns improve and
the area advanced economically. Before Lamching on « compre-
hensive programme of this nature, the rates of toll and the mode
of realization of the same will nced careful examination. Perhaps
some bridges (n & route may have to be grouped together so that

not more than one toll is charged in
£0 miles,

OBGANIZATION OF BRIDGING ACTIVITIES

a journey of iess than
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USE OF STABILIZED SOIL IN ENGINEERING
CONSTRUCTION

Section 1V- -Shrinkage of Compacted Soils.

By S. R. Menea & H. L, UrpraL,
SolL RESEAROH LaBOoRATORY, KARNAL,

A freshly compacted s0il mass decreases in volume, as it is
allowed to dry. Thig reduction in volume or shrinkage varies
from soil to soil.

When s0il is required to be used as g construction material,
and especially in stabilized soil walls, it is very essential that
shrinkage on drying should be as little ag possible, as shrinkage is
accompanied by formation of cracks.

Experiments were, therofore, conducted to get an idea of
shrinkage of various soils, when compacted at different moisture
contents including the optimum and & small range on either side
of optimum with a given mode of compaction.

The types of soils selected for the study are described in
Table 1.

Table 1,

Showing analysis of soils selected for the study

| z

Kxchangeablo

) by
2 - < g [
“ Ta Zy|<wE 28 \
e g i3 g 3 ‘
@ | Doscription | ZE | SR 2SS v on [ Nark |,
g Ea i 8 g 8' g m.6/100 | m,0/100 solidy
2 ! gms gms
1 Sondy lam | 218 | 49| 650 130 865 42 | 0o ] Nogligi-
2 Silty loam 275 | AT 188 120 840 70 | 160 oo
. {
3 Sl]ty c]ﬂy | 37.0 17.3 8.4 12.0 8.85 148 1.10
loam "
4  Loam { 257 | 9514330 120 Blo ' 87 114
; 1"

Blocks of all the four types of soils mentioned abot
made by taking 290 gms of dry soil, and compacting at igc:éav:?;;
percentage of moisture. The compaction was with 40 blows of &
5.6 1b weight dropping through s height of 15 inches,
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The volume of the blocks was determined immediately after
compaction by the mercury cup method as suggested by
‘Standards for Testing Soils,” and also after drying then; in-the
oven to constant weight at 105—107 deg. C. The results are siven.
in Table 2 and reproduced in Fig. 1. : v .

[y
~A
L3

Table 2.

Showing shrinkage of soils at different moisture of compaction,

Per cent | Density at

i ; | ; Volumetric.
Soil No. moisture of the time of ’
. l l compaction . compaction . shrmkage;
1. Sandy loam N : 1.78 016 -
9 1.82 0.41
11 1.87 0.62
13 1.90 0.94
5 1.8) 1.84
17 1.83 2.72
2. Silty loam .8 1.64 0.15..
’ 8 1.64 0.30
10 1.67 0.50
12 1.69 0.90
“14 1.69 L17
16 1.67 1.36
3. Silty clay loam 8 1.72 0641
10 1.75 1.47
12 1.82 260
14 1.81 3.11
16 1.79 807 -
6 1.79 0.20
% Lowm 8 1.85 0.59
) 1.95 0.80
llg 1.96 0.15
Is ' 1-90 2,26
16 1.84 ) 3.69

—ia

Note ;- Tho fignres underlined denote nptimum moisture eontent,

15
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Table 3,

Showing effect of inoreasing Percentage of cement
ou the shrinkage of compacted soil,

STABILIZED SoIL IN ENGINEERING

Per cent Percentage ‘

Soil Optimum

Volumetric

cement Density | shrinkage
moisture used ‘ . percentage
1. Sandy loam 13.0 0 1.91 0 96
13.0 2.5 1.88 0.66
14.0 5.0 1.88 0.61
14.0 7.5 1.88 0.50
14.0 10.0 1.87 0.46
_ 14.0 20.0 1.87 0.37
2. Bilty loam 12,0 0 1.71 0.¢5
12.0 2.5 170 0.66
13.0 5.0 1.69 0.65
13.0 1.5 1.69 0.51
13.0 10.0 1.69 0.61
13.0 20.0 1.66 0.47
3. Silty olay loam  12.0 0 1.84 2.54
12.0 2.5 1.82 1.74
12.0 6.0 1.81 1.42
13.0 7.5 1.78 1.31
13.0 10.0 1.7¢ 1.11
14, 20.0 1.74 0.96
4. Loam 12.0 0 1.95 1.23
12.0 2.5 1.91 0.76
13.0 5.0 1.89 0.69
13.0 7.5 1.88 0.66
13.0 10.0 1.88 0.52
13.0 200 1.87 0.51

QF ADDITION OF CEMENT ON SHRINKAGE —

— QF COMPACTED SOILS —

—EFFECT

—fi§. 2. —
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]s[}t; :;niggeset%n ;gat the‘further addition of cement does not reduce
honme e o or ¥ mai ke_d degreg and, therefore, it will not be
beyond 2.5 cQe(‘éofnomlcatl.t«:) incresse the quantity of cem 1£
hocky e gffect nr or the single purpose of reduction in shre}lll
oo o o inco. wetting and drying was also tested with all th .
that 2.5 per ce“;euésgi\ngerll)src‘:sgajgssgfeccmcrl\]t oy was notvicctel
3 . . nou i i
lv;?;ifsv::tifxep;c;m(tm of the cement'soil blockgs, ’wtl?erl:ef?lll)l;v;;l:;m Snf?
o o ’cemenI; c‘m the case of silty clay loamsoil (No. 3 unllnt'e(
oncentration of a little more than § ;‘x)srwceltfth

This point is to be taken i
! en ideration
rainfall, into consideration in areas of very heavy

Of all the four soils u i
. sed in the stud it ; ,
ggé:x)xt?;?liih appeared most suitable for zén]str]:c:ihe o ol
P ﬁ§1 proper gradation of particles and be on work on
Pl b%ear’n st;h clent quantity of clay. Since 2.5 pg?u:e of its con.
action, th own to be necessary to provide resi e o oment
on, the detailed study of s sistance to water

. hri ; .
quent wetting and drying has lr)l:el;axgegn(tli]:;:ggt; lllrmg and subse.

Table 4.

Showing shrinkage of loam soil at various stages

Shrinkage during

curing period Shrink“ge during

Soil wetting and drying
Period ‘ Per cent No. of .
— cycles Per cent
Loam Soil lst day Nil h
2nd day Nil ; 0.58
3rd day 0.08 3 0.88
4th day 0.08 1 0.66
Sth day 0.18 = 0.37
t,_;th day 0.18 (: 0.24
t:h d{lvy “'18 7 0.12
' - 0.0
Total ., 0.7 3 0.10
— : 0.10
}‘f 0.13
12 0,14 ,

S P
TN e e
[EZEN S P
& S
o

B T
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It will appear from Table 4 that there was a definite, though
small, shrinkage during the curing process and, when exposed to
repeated oycles of wetting and drying. there was a further shrink-
age in the first fow cycles and then there was a slight tendency
towards expansion. The resultant shrinkage will be such that in a

—GRAPH OF PERCENTAGE CHANGE N DRY YOLUME —

—— AT THE _END QF —
—~—EACH CYCLE OF WETTING AND DRYING —
Flg‘ 3
w.\-o T
<) H
H i
:g ‘—l—— T 1 ]
§ oo — %
Lr | )I,,T#-'M
g. .o L T
v ’ [}

\ ? 3 ] 3 .
Curing Demiop CYCLES OF WETTING AND DR™ING
T DAVS

aauwe ATNY0

long wall of a house, for instance, haphazard cracking will take
place as the mass dries up. Such cracking is liable to produce
conditions of instability and it is thereforc necessary to control
this haphazard cracking and localize the cracks at suitably
designed joints provided at predetermined intervals. From actual
construction oxpericnce it has been found that the maximum
length of the walling which can dry out without cracking is about
8 ft in cago of loam soil (No. 4) und, thercfore, it is recommended
that vertical joints should be provided at intervals not exceeding

ft.
ELIMINATION OF SHRINKAGE

With the object of drastically reducing shrinkage by chemiocal
raeans to provide joints at longer distances, the addition of plaster
of Paris was tried during compaction. Plaster of Paris expands
on setting and, therefore, should compensate for the shrinkage if &
predetermined amount is added during compaction.

Since at least 2.5 per cent cement is essential to create
resistance to water, the effcct of plaster of Paris was tried during
oompaotion of soils containing 2.5 per cent cement. The results
obtained wilh all the four types of soils with increasing pgrcex}tage
of plaster of Paris are given in Table 5 and reproduced in Fig 4.
It may be pointed out that a silty loam slightly different from the
one used previously was used in these tests.
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Tablo 5.

Showing effect of plaster of Paris on the shrinkage of cement-soi
mixtures (cement content 2.5 per cont),

I

' Percentage of
. Plaster of Paris
Soil | to cement-soil
[ mixture

Sandy loam 0
o 1.0
2.6

5.0

10.0

Silty loam* 0
1.0
2.5
5.0
10,0

Silty ¢lay loam 0

Loam 0

5.0
10.0

Optimum Volumetric

moisture Donsity shrinkage

per cent per cent
13.0 1.80 -0.72
13.0 1.81 ~-0.58
13.0 1.84 ~-0,24
14.0 1.85 -+0.09
14.0 1.86 +0.52
12,0 1.74 —1.46
13.0 1.74 -0.04
14,0 1.75 +0.10
14.0 .75 +1.84
14.0 175 +3.82
12.0 1.73 -1.98
12.0 1.72 - L7
12.0 1.74 -0.30
13.0 1.74 +0.89
14.0 1.70 -4-3.69
12.0 1.94 -1.04
12,0 1.95 —0.88
12.0 1.97 —0.31
12.0 1.96 +0.18
13.0 1.96 +0.74

Note :—minus indicates shrinkage,

. quuid Plasticity Sand
' Lf_rr}i‘g; index contont
2840 0.4 11.80

plus indioates expansion ip volume.
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It will appear from Table 5 that the shrinkage decreased as
the quantity of plaster of Paris increased and, when added beyond
a certain limit, there was an expansion in the volume of the
compacted coment-soil raass. The cxpansion, howcver,_was com-
paratively smaller in the case of sandy loam and loam soils than in

- oase of silty loam and silty clay loam soils.

—EFFECT OF PLASTER OF PARIS ON—
~—SHRINKAGE OF —
— CEMENT-S0IL MIXTURES —

, Fig. 4
+4.0 - .12
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* It was concluded that by carefully determining the quantity
of plaster of Paris, varying from 2 to 2.5 per cent of dry weight of
cement-soil mixture, it could bo possible to reduce shrinkage con-
siderably and have joints at much longer distances. It may be
pointed out here that whereas by addition of plaster of Paris the
shrinkage can possibly be completely cut out, the expansion and
oontraction of the soil under cycles of wetting and drying will still
require provision of joints though at longer intervals. (This aspect
of soil behaviour is under study and will form tho subject of a
geparate report).

THE EFFECT OF THE ADDITION OF PLASTER OF
PARIS ON OTHER PROPERTIES OF SOILS

The effect of the addition of plaster of Paris on other proper-
ties of soils had to be determined to ensure that reduction in
shrinkage was not Dbeing attained at the cost of other structural
properties of goils such as compressive strength and resistance to
weathering.

Blocks of 2.5 per cent cement-soil mixtures were therefore
prepared with increasing percentage of plaster of Paris. These
were cured under wet sand for a week and then allowed to dry
in the shade before finally drying them in the oven at 50 deg.
C. These were then subjected to compressive strength test.
The size of the block was the same as in previous experiments,
'}‘nb’l 2.5 in, diameter and 1.3 in. height. The results are given in

able 8.

It will appear from Table 6 that in the case of sandy loam
soil (No. 1) the compressive strength of 2.5 per cent cement-soil
mixture increased as the quantity of plaster of Paris increased,
but in case of loam soil (No. 4) maximum increase in compressive
strength was attained with 2.5 per cent addition of plaster of Paris
and further addition beyond that did not result in increased com-
pressive strength whereas in case of silty loam and silty clay loam
(Nos. 2 and 3) the maximum increase in compressive strength was
with 1 per cent plaster of Paris, and further addition lowered the
compressive strength of the resultant mass,

WEATHERING EFFECT

The effect of the addition of plaster of Paris on the behaviour
of the cement soil mass under repeated oyoles of wetting and
drying was then tested. Blocks made of 2.5 per cent cement-
soil mixture with increasing percentage of plaster of Paris were

subjected to wetting and drying tests, - The results obtained are
given in Table 7.
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Table 6.

Showing effect of plaster of Paris on the compressive
strength of cement-soil mixtures,

Quantity of Compressive strength
plaster of Paris Ib/sq. in.
Soil "in 2.5 per cent  Density - - ————
" cement-soil Initial Final
mixture crack crack
1. Sandy loam 0 1.81 534.04 692.90
1.0 1.82 672,00 861.20
2.5 1.84 806.30  1063.12
5.0 1.84 1008.00  1267.84
10.0 1.85 1540.06  1800.96
-2, Silty loam 0 1.76 549.54 877.25
1.0 1.76 659.92 1025.92
2.5 1.75 524.16 031.84
5.0 1.71 734.72 941.00
10.0 1.68 667.62 837.60
3. Silty clay loam 0 1.95 836.26  1080.90
1.0 1.77 1011.76 1352 90
2.5 1.74 1008.00  1209.60
5.0 1.71 904,96  1030.40
10.0 1.65 702.84  806.40
4. Loam 0 1.96 740.00 103140
1.0 1.97 1120.00  1272.32
2.6 1.95 040.80  1550.00
5.0 1.95 1120.00  1505.28
10.0 1.95 1120.00  1594.88
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It will appear from Table 7 that when plaster of Paris was
added in increasing quantities to 2.5 per cent cement-sandy-loam-
soil mixture, the resultant compacted mass developed cracks after
8 oycles of wetting and drying and, therefure, made it unfit for
permanent structures, iu spite of a high compressive strength.
Also that plaster of Paris decreased the water resisting qualities of
cement silty loam soil mixture to some extent,

o , but in the case of
silty clay loam soil it cut down the resistance rather drastically.

The only soil where plaster of Paris can possibly be success-
fully used without decreasing in any way the water resisting
quality Is loam soil. Therefore better resalts could possibly be
ob'ta.ined with other cement-soil mixtures if they were blended
ynt,h loam. The vgﬁume’wio changes brought about during increas-
ing cycles of wetting and drying with an increasing concentration

of p]ugter of Paris in a 2.5 per cent cement loam soil mixture i8
given in Table 8.

The effect of plaster of Paris on the compressive strength of a
cement-goil mixture under re

: peated cycles of wetting and drying
wag next determined. The results obtained initiallyg and atythf
end of 12 cycles are given in Table 9.

Table 9.

Effect of plaster of Paris on the compressive
strength of cement-soil mixture after weathering,

‘ Compressive Strength 1b/sq. inch
Soil | Deserip- Per cent Without cyecles |

s plastor |7 After 12 oycles
on . . 3 ays
of Paris| Initial | Final Initial Final
Crack | failure | crack failure
No. 4 lLoam soil 0.0 749 1030 1283
(with 2.5 ol
per cent 1.0 1120 1272 892 1554
cement)
2.5 940.8 1650 1260 1470
5.0 1120 1505 1428 1612

10,0 1120 1594,88 840 1176
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It will appear from Table 9 that the com}y;?e?sn e izrﬂar;gtﬁ?():z;;
not affected by wetting and drying cveles., ig 122{;]? n;)t jot
plaster of Paris as 5 and 10 per cent are unza:u1’€} le, not ony
because it does not increaso the_compross?ve's&r( n.g(,mxi“ tho rest
ant mass, but also because it brings abcut expanst

SUMMARY

The offect of moisture of compaction on t{le Bl:)re]::z%z:fnc&?t
pacted soils on drying has been studied. It flascmcnt ol
shrinkage can be partly reduccd by ‘ad(mxor\vvo ? further reduced
quantity, varying with the soil. Shrinkage w a8 also AN
in case of loam soil without aflecting the other struc ‘0( (11aster of
of the roil, when compacted with small perce{)tag‘esucturges e
Paris. The importance of provision of joints t:“ tshr cxporiments.
of cement-soil mixtures has been brought out by the exp

Reference:

Standards for Testing Soils (Tentative) 1947 — Central
Board of Irrigation Pub. 42 Ind.
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. STABILIZATION OF GUMBOTIL SOIL
FOR HIGHWAY USE.

By O. H. Parzr.

{The follvwing article 18 o¥tacted fram 4 Thosis subwitted by Siri O. H.
Pate}, based on his ""“ﬁ*’”h Work iv the U, S, A, 1t irunts of tho problom of stabi-
lization of gumbotil “;,’ 801t Which is tho noarest spproscht in Amwcrica, tothe
}X:\dw}.z;b“ac:; :ﬁgggﬂezzh;naig !s}l\u?od the informntion given in thia article would

8 ol 1o 7 3 W 1 . . H . o N .
this eonn%ry.——Ed. 10 have to doal with black eotton soil probloms in

OBJECT OF THIS STUDY

A typical heavy plastic clay soi 3 i1
¥ soil called < black cotton soil
i‘;“i hco?ll‘;fn]y known as “regur ” ocours in large tracts of India.
o the Ifb elands to the south of the Vindhya Hills, in the whole
i & Deccan Plateau, and over a considersble portion of South
Tx; 12, a large percentage of the arable soil is black cotton soil.
: ® problem of road making on this soil hes attracted the attention
0! many highway engineers because traditional methods of con-
zﬁl;ggm? tx}x:‘vohns'l vzry bigh fcostﬂ and Jow ocost mothods of stabili-
ol this soil have so far not been sn
The soil presents special difficul i vancveloped.

. ties because of its eculiar '

g i) exeest;:ve ‘tsvlc;ell afterh absorption of moisture Ii)n the mx(])?::;i)%
ason when it becomes highly unstable, and (2) ¢ i

wide shrinkage cracks after drying. (%) the formation of

A similar type of soil with simila isti i i
parts of Towa, in the United Sta.tesl 2£ cii:gﬁ:gsh&x‘i&xlet?l n
cammon}y. knoyn a8 “gumbotil ” and it ig of glacial :O-l -
Gumbotil is a highly plastic soil undergoing grent volume chfxglr}.
and loss of stability with the absorption of watey Yor this oaon
;)tloreates prob}ems of & type similar o those ‘presentocli {oa:gn

ack cotton soil of Iudia. Hence, the object of this stud 4 ta
gle;’plop dmethods of improving the propoerties of gumboti‘ly an‘ .
in (zicat'e by laboratory tests. The investigations mad 'Bmtha'.
study included a careful and completo analyaia and th © o this
unation of the effects of various ilizg ¥ snd the determi.

Also, a

the typical
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oharacteristics of great volume change and high plasticity index,
Furthermore, by means of laboratory tests, its value from the
structural point of wicw was determined Vesrious taw cost
admixtures involving the uss of materials suck sslime and Portland
cement in Amall percentages were tried to olserve the changes in
its enginecring propertics and the improvement in its behaviour
under adverso conditions. The effect of these small percentages
of admixtures on its water repellant character was also studied.

A ® *

PREVIOUS WORK

A method commonly used to improve clay soils is to increase
the angle of interna] friction by the addition of large size granular
materiad, whilo tho cohesion can be preserved by water proofing
the soi}  To take advantage of the high cohesive strength of this
type of soil by the proper control of ifs moisture copteat a bitu-
minoug surface treatment uaing a heavy rosd oil was used by
Minnesota on a scction of road in the Northwestern part of the
State  This area of Minnesota is very flat, being the bed of an old
glacial lake. Gravel had t5 be shipped long distances and the road
became slippery and greasy in a svery short time, even after a
heavy coat of gravel was placed wn it. This treatment of gravel
Was not succesafnl, and for thia veason the bituminous treatment
method wae given a trial in 1925,

* * * *

A typioal analysis of the road oil used to stabilise this gumbo
18 a8 follows

Specific gravity e 10044
¥lagh point .. 184 C.
Specific viscosity at 86" C. .o 129
100 penetration residua ... 852
Duetility of residue oo 1004
Loss at 163° C, w28

Total bitumen soluble in carbon di-sulphide ... 99-81
Toiad bituten insoluble in 86 deg. napths ... 16:23

After treating this soil with the road oil just described, it was
found that the aoigi could stand up much better than by any other
mothod of treatment teied before, even for traffic intensity of 705
vobicles per day. 'This trestment pointed the way to a new field
of resserok for trestment of heavy claya.

H [ * +

I6A
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.+ Dr. Hans F, Wintercorn, ono of the jead; i j s
‘observed that stabilization of heavy clay is : uflgn(l;i\:);ahogfat:ﬁe
general character of the soil and  jig exchange cations. The
exchange cations of high valency, large ionic radii, and !ow‘ water
affinity are desirable. It was also shown in the exiensive studies
by the Portland Cement Associntiun, Endorsby and Becker and
‘Benson that the successful treatment of heavy clay soils for soil
ssment construction required about )¢ 20 per cent of cement and
for soil-bitumen treatment about 19.14 per cont of bitumen for
meeting the preseribed specificutions. These high percentages of
ﬁz::emtﬁnd o: b\tt:xmen were not considered to be economical and
‘ ‘deparémei:lstz. réatments have not been generally used by highway

Further experiments with h?%"y clay soils, wero carried out to

tion of small amount of cement.

: satisfactoril \
Supporung pavements over them, Y a8 subgrudes capable of
' * * *

*
The most recant exneri .
‘ . xperimental work : o
of clay soils by the addition of limp ig th:mrttv:g:)l;% :ihebs(uhm?l:‘ttxor;
ighway Department, Th ported by the Texa

en e addition of smalf i
found to be surprisingly effective in the treatmenr:ltntg‘ifhgu;ﬁé‘;?;

Plastic subgrade 8oil : i
by &ng o 8 of Texag, This treatment increased the

oY repellin i : A
permit its use as a basg for Eig};;(;pt;';:z of the soil sufficiently to

. upo Y s :
following gencral conclusigjnsn \si:arjc; ?g:i'?cgt:g t'b;' :i‘lt)ort life, and tho
m:

1. Soil-lime stabilization hag a

way construction for i definite application in high-
base materials, Tiprovement of cortain subgrade and ﬂexi%le

&t ar elightly below
compactive effort
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b. A high degree of compaction greatly improves tho stabi.
lity of soil-lime mixtures

6. Suitable curing procedurces of the eoillime mixtures are
also important to deyelop high strensihe,

7. Application of a bituminous wearing surface iz desirable.

PRESENT INVESTIGATION

The whole of the present study is dividid into two parts.
The firgt deals with the study of the properties of the untreated
soil, and the sccond part deals with the study of the treated soil.
Tho mothods of procedure for the purticular tests used in this

study are deseribed, and the results are {hen presented  and
discusaed,

1. Test Procedure :

Routine tests on samples were performed in the soils labora.
tory of the Kngincering Experiment Station. These tests in most
cases conformed with the specifications gct up by the American
Society for Testing Materials (A.S T.M.) and the American Associ-
ation of State Highway Officials (A.A S.H 0.). In some cases the
standurd (¢st proceduie was altered and the methods as adopted
in these cases are described in detail in this section.

The methods adopted for the determination of the physical
properties of gumbotil soil are as foljows:

L Moisture Content Tests:

)| Lo : vapie Mcdsture Centrifuge Moisture
Field Moisture, Hygroseopie Mcisture Centrifuge ) e,
equivalent (CMEY and Field Maisture cquivalent (F.M.15
------ ASTM., Dd2¢. D425, A ASH.O, Standard T-93
and T-04.

2. Mechanical Analysis:

...... AAST.O. Standard 787 and T.58 A ST, D42},
1).422,

3. Specific Gravity :

Pycnometer method. ALA S H.O. Standard T-100.

4. Plasticity:

i i bqu 1] « d Plasticity
Plastic Limit (P.1L.), Liqud Lt L., and ;
IHEZ; (l’.lr.r;‘.lA.(A SH.O. Emndmd T-so T.00, T.91: AS.T.M.

D423, D-424,

v
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Clay Mineral Identification Test by the Differential
ll Therma‘ Method.

The principle invplvcd in the clay mineral i(.lcnl,iﬁ.cntion
test by the differential thermal method (Iig. 2) is that
the endothermic and exothermic reactions ta
in soil samplc between a temperature range of 100 deg.
to 1,000 deg. C. are recorded automatically on a photo-
graphic paper by differential thermo couple, w galvano-
meter and a mirror attachment. The furnaco in which
the test was run was started with the controller set at
6.2 amps and 10 volts. The temperature was raised
gradually at the rate of 50 deg. C. for cvery three
minutes from room temperature to 1,000 deg. ¢. By
comparing these thermal curves with tho thermal
curves of standard known clay minerals,
to identify the clay mincral Two thermal curves were
obtained of this soil. The first was on a soil sample
passing through a 325-mesh sicve, i.c, the size of Lthe
particles was 59 microns and smallor.
thermal curve was obtained on that part of the =oil
which had an equivalent diameter of (.2 micron and
smaller.  For obtaining the latter sample of soil, a
Sharples Cat off Centrifuge was used to separaie and
remove particles larger than 0,2 microns.

* *

king place

it js possible

The sccond

*

STABILIZATION OF GUMBOTII, SOomn,

Since gumbotil soil is highly plastic and has very low stahi-
lity at normal field moisture contents due to its fine siz~d particles
in the deflocculited state, it was thought desirable to add srr;:\ll
percentages of lime, cement, barium hydroxide and caleium
chlopde and to study the change in its propertics for cach of these
admixtures. Lim(_) was obtaincd from the Chemistry Laboratory.
It was a pure calcium oxide in tho dehydrated state ‘at the timo of
use., The cement used was regular Portland cement
hydr_oxide was obtained also from the Chemisty '
was In pure crystalline state. The calcium ch|
flake type and also was in tho dehydrated gt
with the soil, all these chom

7 Barium
¥ Department and
oride used was the

¢ ate.  Before mixing
icals were gr ‘

: ‘ ound to fine powder
passing through sieve No. 160, It wag expected that ]inlxr? and
cement, due to their floceulating propertics, misht pive aati

factory results. ‘ TR b

_ Various test procedures were ad
zing effect of the gumbotil soil with

1. Mechanical Analysis: Ap o, i
is amount of lime and o t
equal to four per cent by weight of the oven dry goil I;v(;m( ?11(]11:1):(1

apted to mesgure the

the gtabili.

admixture pg followg -
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i i Vo. 10 sieve. Both the
g the raw soil passing a No. Bi¢
Zzl::x\te;idttohe lime and soil were thoroughly muedlang sanixtp]ig
were prepared in a standard proctor n_)ci;xld. ]z;ftcrhgxtlnc:x:\oxrngnd e
two days. it was pulveriscd with a rubl er o _
g;)l’v%;‘l:lsc‘gomi:{zure was passed througth} sieve I\];;‘]el(;).soillh?.xrg("f‘hl\t;
i g i g carried out on this mod AST.M.
nD‘-c4&2ll)'Amu']l_‘.‘Else:sg:‘;::iation of these modified soil samples are pre-
sented in Table 1 and in Fig. 3.

100

%0

[ 1]

70

(1]

so

o
—

[-

Parcentage Finer

-0-00-Raw Se!!
w—s— Soil + 4] Cement
- &-0-0- Soit+ 4, Lime

RN

N

20

LN}
o0 o \
Particle Size 1n. mm.

Fig. 3. Particle Size Distribution of Modified Soils.

2. Plasticity Tests: Purc calcium ox-ldq (l::lmt(;) Zsssotlilt:ol:l];g
from the Chemistry Laboratory was pu lferi:'i 40pin amounts
sieve No. 100 and added to soil passing 8ieve O woight of sol.
equal to 1, 2, 3, 4, 6, and 8 per cent of the oven ‘yd out for the
P(}astio lir'nit’ a’.nd liquid limit tests were carrie

following two cases:

1. Tests carried out immediately after dry mixiog the lime
" ‘and one hour of hydration.

‘ 9. Tests carried out after allowing the mixed llm(.a. to
o ' hydrate for 48 hours.

' : \rri both conditions referred to
‘Bimi ero carried out for d to
abovil:}illt%sttime:t;d“d'ition of 1,2,3, 4 6 and8 per cent of reg
Portland ocement. 2
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Table 1.
Mechanical Analysis of Modified Soils.

Percentage finer than the size shown
Sieve No. | Size (mm) T

 Soit  Soil+dper | Soil 4 per
| cent cement ! cent limo
n 1% in, 38.1 160 100 100
1in, 26,7 100 100 160
% in, 18.8 100 100 100
}in. 12.5 100 100 100
3 in. 9.4 100 100 100
No. 4 4.7 100 100 100
No. 10 2.0 99,60 99.7 96.7
No. 20 0.83 99.35 99.30 99.3
No. 40 0.42 98.21 08.20 8.2
No. 60 0.25 6,75 96.80 5.2
No. 140 0.125 95.69 95.60 89.6
No. 200 0.074 94,70 89.60 79.4
0.038 85.50 84.00 58.0
Size and 0.027 76.26 74.00 50.0
percentage 0.017 66.20 54.00 28.0
baged on 0.013 556.25 10.00 14.0
hydrometer 0.0075 50.00 — 12.0
readings and  0,005] 40.30 — 10.0
time of 0.0020 —_ — 2.0
settling 0.0010 25.50 ~ —-
'teata3’thzhg;(iz%?orl;ig}lzeﬁes;: :orI]timv:,a:af{ound from -th? P. I
hour, 80 it wag decided to add the dopips €8 place within one
g?f:iﬁh ts'(;tltnh;lt;woixlxII;'aisn accordanco wi d Stagqontho tests for
B DA Ao o iy Sesicaion
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(2} coment equal to 2 and 4 per cent, and (i) c&[?luvzr:h;‘(’il;gg
€qual to 4 per cent of the oven dry }velght of the smh:emicals o
and thoroughly mixed with the soil. Al thesg ?re they were
t'hOl‘Oughly pulverised to pass s No. 100 sieve befo

. . D427
added to the soil.  Shrinkage tests according to A. 8. T. M. D
Wcre carried out,

4. Standard Proctor Density and Optif;‘““;ng{%l::i‘::;
Contents Tests: Lime, cement, calcium chlori 3’ ol were
ydroxide in the desired percentage of oven dry the formon
intimatolv hand mixed dry after thoroughly pulvel:llunog repared as
granular mixture of soil, sunq, and gravgl w“standai:'d proctor
per grading curve given in Fig. 4. Maximum e oo
ensity and the optitoum moisture content for eac Cthens oot
Mixtures woro found as indicated by the results o

i .8.H. 0.
the procedure adopted was in accordance with the A. A. 8
Standard T.99.

bor-\ B R

7 ——— e —— e - . . - [
3 5 /
¥ P
'y
3 5o

b~
< /
z
-
v
g /
Q2. -
..,/”4/
940
. 20
°°L‘ ' ‘OT4 -t a2 o

PARTICLE SIZE IN mm

Fig. 4. Qradation for Granular Mixture Ulin.g Coarse
! and Fine Sand and Gumboti! Soil as the Binder.

ts :
».  California Bearing Ratio and Expalfslg:"i;l(‘iuout
Modiﬁcation was made in this test which is norma gin gt
% the modified proctor density and the corres};ggd a.gt optimunm
Moistyre, Samples for these tests were mgu onnd ot By
Proctor density and optimum moisture conten ?schemicals, .
teat 0. 4 just described Desired amounts o chomica & b od
lime, calcium chloride, barinm hydroxide, were t);he totor
fement, alloweqd to hydrate for about two hours :netratiom er,
lineq moisture content. The loads at various p

© swell aftor soaking were tabulated.

17
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RESULTS O)Y THE TESTS OF THE MODIFIED
" GUMBOTIL SOIL
*." i Mechanical Analysis: The particle size distribution of
the modified s0il when mized with 4 per cent of lime and with
4 per cent of cement is given in Tablo ] and in Fig. 3.
. Table 2.
Shrinkage Limit Values of the Modified Soil.

-Test

Description of | Shrinkage Shrinkage [Volumetrio| Linear

No. | Admixture Limis Ratio | Shrinkage | Shrinkage
- per cent per cent  per cent
51" Raw Soil 9 58 2.10 59.5 14.3

2 Soil+2% cement  13.00 1.95 487 12.5
. 3 Soil4-4% cement 21.90 1.66 26.7 7.5
- 4 Soﬂ+2% lima 24.00 1.61 22.6 8.5

5 Soil4-4% lime 29.00 }.45 13.0 4.0

6 Soil4-49, oal- 9.88 2.06 57.6 13.5
P cium chloride

(i) Stand Proctor Densities: The results of the proctor
donsity tests of the modified soil are given in Table 3 and Fig &.
' Table 3.

Standard Prooctor Density Values and Optimum Moisture

Content of Modified Noil.

i

|

!

Test

Standard |Optimum
T Desoription of Admixture Prootor.Dry Moisture
o Density ~ | Coutent
Ib per cu. ft. | Per cent
1 Raw Soil s s
2 Soil+-4 per cent cement 08.5 23
¥ Soil+2 per cent lime 96.25 24.8
4 . Soil4+4 per cent lime 92 8 26
5, Soil--4 por cent barium hydroxide 94.0 27
6 Foil+ 4 per cent caleium ohloride 106.0 18
7 Mechanical mixture 134.0 10
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Dry Density, ibs.per (ft
) [ (]
Row
Soil
Soit »
87, Cement L1
2], Lime
A :
o / ]
¥, Lime J
l-/.Bu(oH)z ]
NH\
‘Zcoc‘z' \\
dranvlar
Vixture —— '
Optimumn Moisture Contents%
S-S - N
) “ 3 -
Raw [ 1
Soil /
Son+
&7, Cemant g
2l Lima
d
4). Lime
47,Ba(ok) | |
’ / - --4}- -
e il :
41 (-O('.i /‘
2
Grp?u'o'»
Xture - - |
Fig. 5. Standard Proctor Densities and Optimum Moisturc

. . w Soil.
Contanta for Modificd Soils as (Jompal‘ed with Ra
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The results of the expansion or swel] t
soaking of the modified %‘L’l using various admixiures are gi i
0 moisture contents i the top,gr;:ritlr(lll?

Table 5 and in Fig 7.
and bottom layers of the sonked specimons of the modified soil
soil are

ParaL ox

given in Table 6.

GRANULAR, L2
MIXTURE NO SWELY
Soil ’ /‘_—;’T_——cﬂ 22
+
4 Cacl, [ .
Soil o
+ 1%
41, Balon)
2 e 3
ol i
4% Lime NO SWELL
SO“ a— :)Zz
c’
2, Lime NO SWELL
Sof —
4y, Cament VERY Low sweiL
—% ol,
SO'\l /-- ’12
Raw //
° 24 as ——Joy,

Fig. 7. Swell of Modified Soi)

' . 72....

8 in Californj
at Standard Prootor Doerrllls,;)?e :

os8ts after four day

Swell in percen{age of or'\ginal Heigh’(

ring Ratio T'est
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Table 5.

Expansion or swell Expressed as Percentage of

Original Heights for Modificd Soils.

Expansion in Per cent of original

'II\T'(:,L \ Soil Mixbure height for various periods okfwsoalrxiAng
| o4 hrs. | 48 hre. ' 72 hrs. 96 hrs.
Per cent Per cent Per cent Per cent
1 Natural Soil 0.40 060 , 080 1.00
2 Soil + 4% cement 002  0.04 0.6 0.08
3 Soil + 2% lime 0.0 0.0 0.0 0.0
4 Soil 4- 4% lime 0.0 «.0 0.0 0.0
b Soil 4 4% Ba(OH), 0.30 030 0.30 0.30
6  Soil 4 4% CaCl, 1.20 1.85 2.15 2.20
7 Mechanical mixture of
00 0.0

soil with sand and gravel 0.0 0.0

Table 6.
Moisture Contents in the Three Layers, Top, Middle, and
Bottom, of the Soaked Specimen after Four Days of
Soaking of the Modified Soil using various Admixture.

T ————

Top layer : Bottom layer
Te dle ,
Ng.t Soil Mixture é;::;:]r ¥ ' N{:lyelr (w:et:;:ltllx;ei(;i):ly
over it)
Per cent  Per cent Per cent
1 Natural Soil 33.6 29.5 32.0
2 Soil + 4% cement 31.4 31.2 31.4
3 Soil + 2% lime 27.0 27.0 26.9
4 Soil + 4% lime 34.2 32.2 33.0
5 Soil + 4% Ba(OH), 277 27.0 27.6
6 Soil 4 4% CaCl, 30.7 18.5 25.0
7 Mechanical mixtuie 10.3 10.0 10.8
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DISCUSSION OF RESULTS

A. ldentification of Clay Minerals by Differential
Thermal Methods

Recent investigations have established the fact that cortain
clay mineral groups in clay soils are responsible for the propertics
and behaviour obscrved for these soils in which the clay minerals
are present. The identification of the clay mincral group is.
therofore, very helpful in determining the behaviour of 1he soil and
the type of treatment required to correct objectionable features
o_f the soil. Dr. Johnson prepared synthetic mixtures with two
dlﬁqrent mineral groupsand found out that these materials exhibited
a wide range of ptoperties. The thermal analysis is ono of the best
methods used today for the identificaiion of
group. Thermal curves on the kaolinite and
shown in Figs. 8 and '/, These were obtained
through a 325-mesh screen. The endoth
C. and the exothermic peak at 975
typical of the elay mineral kaolinite.
rmic curve has been used as a quantit

the clay minera's
montmorillonite are
G on material passing
eimic reaction at 590 deg
deg. C. shown in Fig. 8 i8
The area under the endothe-
ative measure of the amount

LN TT #\\/”“nf\

50 10 200 300 400
00
¥ 600 700 800 900 1000°C

Fig. 8. Thermal Curve for Montmorillonite Sample.

J’_ T
| \

400 590 60 700 goo g0 ]
‘ 0 wo
Fig. 9. TPhermal Curve for Kaolinite Sample. -

50 100 200 300
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of kaolinite present in the given sample. The characteristic
endothermic peaks for montmorillonite occur at the fellowing
temperatures, an initial peak in the range ¢f 100 to 250 deg Ul a
second peak between 60U to 700 deg. C., and a third peak at ahout
900 degrees C. The exothermic peak occurs at about 975 deg. C.

The thermal curve for the gumbotil soil sample passing through
& 326-mesh screen is given in Fig. 10 This curve did not provide
reactions similar to any standard curve of kncwn elay minerals.

| L
T Tri ‘ |
B

S0 100 200 300 400 500 600 700 800 900 10007

Fig. 10. Thermal Curve for Gumbotil Soil. (Max. Size 43 Micron).

It gave two endothermic reactions, onc at 150 deg C. andthe other
at 550 deg. C. There was also an exothermic peak at 875 deg. (])
It was assumed that the presence of some other unknown maten]a 8
changed the pattern of the curve with the result that thel clay
minerals in the soils could not be identified. To get a clearer
picture of the mineral group, the particles of 02 micron st,:e anol
below were separated by Sharples Xuper Qentr.lfu!;e The ' erfr::r
curve obtained using the sample is given in Fig !1. It gives
thermal reactions as followes :—

Endothermic peak at 150 deg. C.
Endothermic pesk at 575 deg. C.
Endothermio peak at 80 deg. C.
Endothermio peak at 900 deg. C.

\
AN

4”\v// ~\/

W00 200 Yoo 400 §OO , .
i . ‘ .Size 0-2 Micror)
Flg. 11. Thermal Curve for Gumbotil Sample. (Max. Size e

c00 700 800 go0  1000'C
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This agrees with the standarq mineral group montmorillonite
except that the reactions are at sihghtly lower temperatures. This
may be due to the presence of Fe-salts which have a tendency to
cause the shift to lower temperatures,

B. Mechanical Analysis of the Modified Soils

The changes in the particle size distribution of the modified
soil with lime and cement are shown in Fig. 3 and in Table 1.
Lime and cement flocculate the small colloidal particles of the soil
and form lumps of clay. The colloids are not present in their
normal form in the modified soils and hence it is to be expected
that the modified soils will not have the same properties as the
natural soil  Practically all the colloids and clay particles are
flocculated to form particles approximately of silt size. Both lime
and cement have approximately the same flocculating effect,.

C. Plasticity Index

The plasticity properties of the modified soils were compared
with those of the natural soil. The results are highly significant
considering the small percentages of lime and cement added. The
tests were carried out after two hours of hydration and 48 hours
of hydration. There was little difference in the results although a
great?r reduction in the plasticity index was obtaine
than for the cement. The soils with the longer period of hydrati
gave slightly better results than for two hougivs c?f hydrgtigfxflmtmn

The plasticity index of the raw soil was 41
reduced t0*3:5 with 8 per cent of cement and
cent of lime. This reduction in the plasticity
evidence that the cohesion of the soil
mixtures is materially redaced and ap
for sandy and silty soils.
for small additions of li
the advantage of lime t
that 2 per cent of lime
cement in this soil.

d for the lime

and was gradually
to 20 with 8 per
. index is a definite
particles in the pulverised
proaches the values found
The marked increase of the plastic Jimit
me to the soil is a definite indication of
o lmprove heavy clay soils. It was seen
had a slight advantage over 4 per cent of

D. Shrinhage Tests

The results of experiments on v
that lime provides even a greater red
cement. It was seen that with thi
cent of lime provided a
cent of cement,

olumetric changes also show
uction in volume change than

' Uhis 801l in this respect also 2 per
greater improvement of the soil than 4 gcl'

It was found that ealcium chlo id . .
in the plasticity properties of this rsloﬁ'prowded 0o Improvement

ghrinkage limit nor reduces the volume ch::g: “ither increases the
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E. Density Tests

The dry densities with lime decreased with an increase in
lime content while the optium moisture cantents remained nearly
the same. The mixtures of 4 per cent barium hydroxide and
gumbotil soil resembled the one made with the addition of lime in
both the densitics and moisture contents.  The 4 per cent calcium
chloride mixture gave a maximum density of 106 pounds per cubic
foot compared to 97-5 pounds per cubic foor of raw soil. This
was expected because caleium chloride increases the surface
tension of the water and thus improves the bounding of the clay
particles in the mix. A granular mixture prepared by the addition
of fine and coarse sand gave a density of 130 pounds per
cubic foot at an optimum moisture content of 16 per cent.  This
high density and low moisture content is the normal result fora
well-graded granular mixture.

The addition of 4 per cent cement gave C.B.R. values, at 0'1
inch penetration, of 9-3 for the unsoaked condition and this was
increased to 150 after soaking. The result is certainly most
encouraging because the soil is greatly improved and pehgx'es
better in the saturated condition. The results observed with lime
were oven more satisfactory than the results with cement.
With the addition of 4 per cent lime, the C.B R. values at 0-1 inch
penetration increased from 83 to 20 0 per cent for the upsoaked as
compared to the soaked condition showing the marked advantage
of lime in providing stabilization. It was further observed that 2
per cent lime gave still better resuits than fqr the m}xture with 4
per cent lime. The two per cent lime admlxt-ures increased the
C.B.R values from 17:0 to 45-0 for 0'1 peuvetration when compared
with the (.B.R. value for the 4 per cent mixture. The reason
why the two per cent lime mixture gave better results than the 4
per cent lime mixture is not readily explained. Howe‘g‘r, (lit is
possible that there may be some optimum lime contenlt’ tase ?t;
the exchange capacity of the soil which may give the bes vres?h.
in the C.B.R. and swell tests. The results of the tests 1]n t;g
investigation indicate that 2 per cent admixture of lime is close to
this optimum value.

i sed with
Since lime gave exceptionally good resuits when uae .
Bumbozilesoil, it gw:m thoug}})xt degirable to sce .holw b‘ar;pme hg;llﬁ)d
xide, which is an alkaline material gomewhat Blmllzlrduotlli ,barium
change the properties of this soil. It was founh 514 barinm
hydroxide did not improve this soil. bxmxlarly,lw e't hzl Sent
of calcium chloride was added, it was found t}athd corlx)dition
improve the California Bearing Ration the u}x::?ja lfeen ndition
but after soaking, the soil was as poor as 1t ha {

oaloium chloride.
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A granular mixture consisting of gumbotil soil as a binder
and fine and coarse aggregate to provide the grading shown in Fig. 4,
when compacted at standard proctor demsity and optimum
moisture content did not provide satisfactory results in the C.B.R.
and swell tests, although the density wasvery high duo to addition
of fine and coarse sand. S0 it may be said that sand and coarse
aggregate c&?nnot be depended upon to improve the strength of the
gumbotil soil.

The results of the expansion tests (Table 5
four days of soaking showed that calcium ohlori
greatest %:;lpmlsxon of all the methods of trea
study. e swell was practically reduced to g .
cement were used a8 an admixture and this wa:;(’d";gel_ltllms and
tage. This may be explained by the fact that oite udvan-

deflocculate this soil while lime and cemen ﬂocou(l’:tlzgi;;m chloride

and Fig. 7) after
de provided the
ment used in this

CONCLUSIONS

. There seems to be need for § ; .
advantages provided by using lime, ,;1 r:l;s; l:V:St‘g”'“on. of the
stabilization of plastic clays The exact nature oa'fptm&terml,. for
are not known. It should be possible to fing out. } he reactions
class of clayg and clay minerals that can be eﬁeo’t.lﬂ general, the
with lime. There may be some relation between t;l"ely stabilized
group, its chemical composition, ang the e clay mineral
lime to bo used. YPe and amount of

2. Quantitative studies should be
amount of lime necessary to obtain th;nl?;i; :': find out the sxaot
plastic clays and other soils. This amount 8ults in atabilizin
base exchange capacity of the soil and ji oh&y be related to the
Also, the 2pplication of lime in amounts lessemlcnl composition.

capacity of the soil may reveal some impor?;;: :he exchange
aots,

II. A NOTE ON THE USE OF «MOORAM" SOIL FOR
BASE COURSE FOR MACADAM ROADS.

By

(. SRIRANGACHARY,

L Dux'ing experiments conducted at the Soil Resoarch
. u'bOMtOI‘y Highways Department, Madras the following
Interesting results were noted :

(A)_ 1. “Mooram ' may not be such s good soi] ag is generally

elieved, Blind faith in any available mooram ag good enough
for bage course, had resulted in the past in costly failures over
olay subgrades.

The plasticity index is usually very high, especially in the
Mooram occurring below or mearby clay soils; vide analysis of
Some mooram soils in Indian Roads Coogress Volume XIv-1,
Pages 126 to 135.

A very good ‘ mooram’ occurring near Pallavaram Hills
(neaF Mudras) bas a plasticity index-15 per cent and the fraction
Passing No. 10 mesh was only 48 per cent.

Mooram occurring in black cotton soil areag near Guntur has
& plasticity index of J2 per cent to 42 per cent.

2. The grading is generally poor, due to deficiency in coarse
8and and fine sand fractions. Even with a good mooram (e. g.,
fom pallavaram quarry ncar Madras) it is difficult to obtain
density exceeding 120 1b/cu. ft.

3. Even a good mooram bed after it is compacted to
Maximum density, if allowed to soak in water may lose about
Per cent or more, of its bearing power.

4. The so-called ‘screened-mooram’’ occurring in some
Specifications may often be worse than the unscreened mooram,

When uged as a base course.

5. The addition to the mooram of the missing sand fractions,
Makes the mixture an ideal soil.

. For ingtance the good mooram from Pallavaram Quarry when
Mixed with coarse and fine sand available nearby showed the

°llowing results :—
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i Plain Mooram Mooram-}-Coarse san

Pallavaram Quarry '*r"(l)"ri;l‘e su;xd 4(?;;0-
on N )

1. Per cent passing 48 per cent 68.5 per cont

No. 10 sieve.
9. Plasticity Index 15 per cent, 58 per cent
3. Proctor Maxim 8 .

Density um 118 ibjcu. ft 133.5 1b eu. it
4. Cone bearing %00 1b .

. /Sq n. 450 Q ,
strength immedi- (CBR- o 950 1b/Sq. in,
ately after com- (CBR-16.0 approx.) (CBR-22.5 approx.)
paction

5. —Do-—after 200 1b i
L /8q. in. 650 1b /w3
soaking in water (CBR-5 0 1b/sq. in.
for 3 days (UBR-5.5 approx)  (CBR-15.5 approx.)

-

Another in
stance was i Mmoo .
« l‘a’ .
south of Guntur. w available in a quarcy 9 mile

e | ——
- T
Rl S ~ i~ T~ 72
-y c—r

mr gox g oy oo ot T

Plain Mooram from
Iqun‘rry at mile 9 of Mooram +a
| Guntur-Pedda.- loca} sand

; nandipad Road. {Proportion 1:3)

1. Per cent passing

r t}
No 10 sieve 35 per cent

60 per cont

2, ..
Plasticity Index. 30 per cent 3.5

.5 per cent

3 Proctor Maximum 116 Ib/cu. ft

Density 125 1b/cu. ft

4-' Cone bearin
> g strength .
immediately afgter 360 1b/aq. in.
compaction

420 Ib/sqy. in.

6. —~—Do-—after soaking 150 1b/sq. in

in water for 3 days 300 1b/sq. in.

MOORAM POR BASE COURSE 359

(B) The importance of the bearing test after soaking in water

been amply lemonstrated by the results

for three days, has
poor drainage near

obscrved in a water logged area of very
Madras.

Here the clay soil suligrade has a Plasticity Index = 32 per cent
and Liquid Limit = 48 per cent

The water table is only 9 inches below road level. The
moisture in the clay subgrade and stabilised soil base course after
four months continuous soaking was obgerved to be 88 noted
below :

PADDY FIELDG GRASS EDQING

i goa s STABILISED - SO% BASE
?»— Mx Y MACADAM

o

2458 SAMD BLANRET
LOWESY WATER LEVEL

SIN
croma.oes CuAY SUB-GRADE L L z48),
PL 16,

P oi82),

Near the edge. At the Centre.

Moistare content in per cent per cent
Base course— A 6.0 40
Blanket— B 8.0 50
Clay Sub-gmde—(} 32.0 27.0

i i i ter level came
Many time duridg ond sfter rains, the Wwa '
within three inches of the macadam. he base course tw?;ct; X::
designed for a« maximum absorption of 10.5 per cer;8  ® oot
condition in the laboratory absorbed a maximum o p

water under actual feld conditions.

i from
iments in the Laboratory, and also
o & ments, the following controls

1 Research Laboratory (—

{C) Based on expe '
experience of full scale field experil
ate now specified by the Madras, Sol
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CONE PENETRATION BEARING VALUES.

Baso Course

Sul -grade
& or sub-Base.

1. Base course for Macadam i
immediate!y after compaotion.road Ib/eq.in. | b/sq. in.
After soaking in water for 3 days = 250 to 150 | 450 to 400
—_— — 350 to 300.

2. Sub-—bézee for cement concrete Road
immediately after compaction. 3

After soaking in wa.terx;or 3 days | 2d0_t-0 8o ]J 1388 :3 Egg

— 500,

(D) If laboratory tests should show
_ th ~
gf local soils falls short of the requi:ctde;;fwr}erthc;; ll;(;sr’ dmusture
age course is not recommended., » stablised soil for

Experience in Madras show i
_ . 8 that in a gi i i
:?’:?lzglrenar)l(:a;xg)ydeﬁclgnqies in each other xgn;;nbéogangte(il]ﬁ:;el?:
rby ; and it only requires patie
zheﬁ.l Even in t_he wo.rst black cotton soil&rean?::;rc(il e docnte
ould locate within a distance of 6 miles enough s d lu'.xtur) h
the Mooram, {See A (5) above.]. 8 né tomix with

(E) Tests on ol . _y
condition show : ay subgrades (in existing roads) in soaked

- 1. Clay soil subgrade of old ro i
ads
;l:s:&z i{({)mpacted by traffic to a density ;sq ‘?:l"et’(‘)&l(l)i' fml,'nd to be
bjou. f6 &XLD:;Z}ndDeqmty. This density is usuall a(,;ttle over
At 18 density the subgrade is likel y Vo to 100
up to 27 per cent. ely to absorb water

2. Bearing tests of soak
. ed clay subgrad i
oo i g gads excorce st i of (he iy
: rength is likely to f 2
;:\‘oﬁgczg:itco:e penetrometer). Such a ycondii%i')rl\)elow ;D Ibjsg.
tho nocessi yt o re-inforce the subgrade ejther b miaia indioate
e bonia e top l(;xyer ‘about 6 in. is usually sufﬁc? !inxmg 50 by
; g & sand blanket course 3 in. to 8 i iont, or elso by
clay sub-grade and the base coursge, 0. thick between the

3. Mixing course sand wij
8 with black A _
and L L. 85 per cent), in the ratio of czot:;):dsg;l 1(1:12;%[},’” cen;
, . ;@ eendt , improve
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aked condition from 50 to 200 lb/aq.

the bearing power in fully so
The denasity increased from 98 Ib to

in (by cone penetrometer),
about 106 1b per cu. ft.

o It is however difficult to carry out this kind of mixing on the
eld over large areas and is likely to be very expensive.

; 4. Sandy soil or loam which can be compacted to a density
of at least 112 1b per ou. ft. may be used as a blanket course or

sub.bage ; the thickness of this course will depend on the actual
For partial soaked

wm5"}‘_00ndi(’.ions expected of the subgrade
:{]’Pdltmns. e.g., on high embankments with low water table, the
lckness may be 3 in and for low lying water logged areas the

thickness may be 6 in. to 8 im:

. (F)  Cost analysis is most vital in all cases where stabilised
8oil is found to be practicable after laboratory tests.
jent in stone quarries.
excessive. Under such
d and constructed may

T In general, clay soil areas are defic
he cost of soling stone may then be
conditions. stabilised soil properly designe
yiold striking economies.

The patience and ingenuity of the Soil Engineer will help to
8olve most problems.

ineering properties, of mooram
d Bihar (See Indian Rogds
s the possibility of evolving
h may be applied over

. The striking similarities of eng
lCu the States of Madras, (".P., an

ongress Volume XIV.part 1) indicate
& technique of design and construction whic

large areas of this country.

g Y =
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INTERNATIONAL ASSOCIATION FOR BRIDGES
AND STRUCTURAL ENGINEERING

List of the Subjects of the 4th Congress
Cambridge, Great Britain, August 1952 (See notice on P. 206)
(A) General questions.

Bases of calculations ; safety.

(1) Loading of bridges and structures (Influences of wind,
earthquakes, etc.)

(2) Dynamic problems.

(3) Consideration of the actual conditions for deformation
(Plasticity, creep, eto.).

(4) General conclusions regarding safety of structures.
Development of the methods of calculation,

(1) Analytical methods of the theory of elasticity and Plasti-
oity.

(2) Numerical methods in applied statics.

(3) Other methods of calculation (Approximation methods,
relaxation method, calculation regarding rupture,
experiméntal statics, eto.).

(B) Metal structures.

Fundamental principles.
(1) High-grade structural steel, light metals.
(2) Welding and welded connections.

Practical applications.
(1) Problems in steel building construction.
(2) Struoctures in light metals.
(3) Special erection methods.
(4) Details of design.

(C) Concrete and reinforced concrete structures.
Fundamental principles and the properties of concrete.

(1) Composition of concrete; influence of the preparation,
transport and placing on the design of structures.

(2) Properties of concrete, average tensile strengths and their
variations.

(3) Effect of repeated and continuous loading, creep.
(4) Corrosion of concrete and reinforcement.

Current problems of concrete and reinforced concrete; pre-
slressed concrete.

(1) Curreat problems of concrete and reinforced concrete.

(2) Progress in design and execution in connection with
prestressed conorete,

(3) Dynamic stressing and fatigue strengths.

FIRST IM INDIA WITH LOW-HEAY
PORTLAND CEMENT

Low heat of hydration reduces shrinkage stresses in
dams and massive concrete construction

;‘.C'.C. have pleasure in announcing
o; t:\ey afe now in a position to
er low-heat cement from some of

their . . ” . .

ime"dworks. This special cement is cement. Copies of test certificates

oty ed for use in massive concrete are ovoilcble upon request.
Uctures such gs dams, heavy re-

tainj R

\:;lmng walls, and bridge abutments,
o ere a low heat of hydration is
3sential to control the temperoture-

Tnis proc.ct %y compties with
British Starcerd Specification No.
1370 : 1947 for 'ow-heot Portland

In view ¢! the numercus dam
projec's Lrder construction or survey
in this courtry the development of
this specio! cement is of the L*mos!

fise § .

pre ‘N concrete during placing and  importarce and mork: another step

inevzm-sh”""oge stressesand crack-  in A.CC's +story ot continued
9 during the subsequent cooling.  progre«:

For full detoils, please w- 1 ‘2

THE CEMENT MARKETING COMPANY OF INDIA LTD.

Sales Managers of

THE ASSOCIATED CEMENT COMPANIES LIMITED.
N ——

1 Queen's Roog, Bombcey ,

g

[T I



MILLARS?

MACHINERY
gzngrelte Mixers—riliiyg g nou-Tilting Ty pog
phalt Mixef‘S'——f'nr Hot and Cold Mix, S
Roller Pan Mixers—;,, Mortar
Diaphragm Suction Pumps j,, offective li
Self-Priming Pumps handling
possible cost.
Tower Hoists {or speedy eonstruction.

Complete Wellpoint Pumping Equipment for dewatering—
the only successful method of combating running sand.

TINIBER
HARDWOODS - SOFTWOODS - PEYWOODS
MILLARS’ TIMBER & TRADING CO., LTD.
(INCORPORATED IN KENGLAND)
Victoria House, Victoria Road, BOMBAY 27.

Telephone: 41077 Telegrams: JERRAH
DBranches and Agents throughout the Woild.

(b up to 25 (t.
Seeprgo  ab lowest

W hat does India need at the moment ?

Better construction, prosperous
roads, and economy

PAKUR STONE

is the only solution of the problem
and may be trusted for the work

NAITRAM SAGARMALL
59/60, Strand Road, Calcutta.
Cable & Gram : *“ BOXHARI*’

Phone : B-B-2252

GANNON DUNKERLEY & CO., (MADRAS) LTp

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERs.

*

SPECIALISTS IN DESIGN AND CONSTRUCTION
OF R. C. C. STRUCTURES, BRIDGES, BUILDINGS,

WATER SUPPLY AND DRAINAGE SCHEMES,

SANITARY INSTALLATIONS, ETC.

‘Registered Office :
14, BOAG ROAD, MADRAS - 17.

“VITOPUS ", Madras

Telegrams:

88316

Telephone:

i

(ASSOCIATED WITH PAKUR QUARRY OWNERS' ASS&IAﬁOE
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As in natural design, so in human accomplishment
N 1 . ~ .

the perfect solution to a problem of construction

is developed by trial and crror from the prototype.

@he development of Wheeled Locomotion has pro-
duced the perfect form of road transport and
the perfect type of road to suit its purpose —a
highway that is built on foundations of concrete

reinforced with

BRC

Welded Fabric

ﬁo other method of road construction will carry
any wheel load, however great, over any ground,
however soft, and give such serviceable strength
and resistance to wear at such neelicible main-
tenance costs,

Sole Agents :

HEATLY & GRESHAM

ESTABLISHED 1892 LIM!TED

INCORPORATED IN ENGLAND

. O, Box 140 POL Lo o
CALCUTT / - M s PO, 5o 228
ALCUTTA BOMBAY AMADRAS
L3, Connaught Civeas PO, Hoy 658 . o
NEW - o b ' O, Bux 4b
EW DELI KARACHT LAHORL )

WARSOP

ROCK DRILL

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 }

o W DN —

2]

Mixers from 5 c.ft. max.
input and 3} c.ft. max. out-
put to 10 c.ft. input and
7 cfi. output—with Diesel,
Kerosene, Petrol or Elect-
ric drives—available fro

stock. .

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-

nes includes:

l. Jaw Crushers & Granulators

8. Byratory Crushers

3. Vibrating & Rotary Screens

4. Complete Crushing & Screen-
ing plants, capacity from 3 to
400 tons per hour.

Apply for details to: -

[ o e

p. O. Box 168, NEW DELHL

l Garli(:k & CO.LM 26 Errabalu Chetty Street,
L E N 6 LN e G. T.MADRAS.

M| vacos circie somsav Cox Strest. COIMBATORE.

$15TA'S-G-15-B



THE WAY TO MORE

FOOD

The P&H Soil Stabilizer brings to road
building a higher degree of mechani-
zation. It enables you to process native
soils, with any type of admixture, into
high quality roads of uniform and
predetermined strength.

The result of years of development and
practical use, the P&H Soil Stabilizer
fulfills these eight basic requirements
for successful base construction:

SINGLE PASS
STABILIZERS

Main Offices and Plant:
Milwaukee 14, Wis., US.A

SCHFEGER
Ry

e o],

IS BY ROAD | “o-

- Controls processing depth for
accurate proportivning
Pulverizes the nutive 5o thoroughly

2 .
3. Blends materal uformly y

4. Creates a tiue sub-qgrade y /
5. Disperses the Lquid throuqh the «Q“

entire volume in measured quantty
- Mixes the coated matenal uniformly
7. Lays the completely processed
matenial 1n a fluffy, ‘even depth,
ready for compaction

8. Does all these things in one pass ;
with one operator—at a qgood rate |
of speed

For better base courses. light traffic

roads, streets, airports, etc, in less time Jepawier crane

and at lower cost, investgate the P&H

Soil Stabilizer. See your P&H repre-
sentative, or write us for informatien

V4

@

SHOVEL

Established in 1884

TRU & uapgg Tt o HOE

BETTLR LIVING thiough BETTLR ROADS

P&H DISTRIBUTOR
PASHABHAI PATEL & CO., LTD.

Construction House -

Ballard Estate - Bombay

scy jurn

PALTON )
ROAD
BOMBAY |

3”7 sheet asphalt laid with
Mexphalte 30/40 in 1934.35.
Photographed in 1947 after 13

years' use. Road carries heavy

traffic. Present condition good.

Burmah-Shell will he glad to
Bive you free technical advice

on the use of Bitumen for your

road development programme.

STRIBUTING CO.
BURMAH-SHELL OIL STORAGE & DI )
OF INDIA LTD. (INCORPORATED IN ENGLAND) AGENTS 8sSY-2
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Cundalkamma Road Bridge, Guntur, 13 spans of

70-fest on Masonry Piers.

BRAITHWAITE & CO.,
(INDIA) LIMITED

; BT-28

MARSHALLS

FOR

v ROAD ROLLERS.
% STONE BREAKERS.
% GRANULATORS.
% DIESEL TRACTORS.
% CONCRETE MIXERS.
% CONCRETE BATCHING PLANT.
% CONCRETE SPREADERS AND FINISHERS.

% PFARTHMOVING MACHINERY

ETC., ETC

CONSULT :
MARSHALL SONS & Co. (India) Ltd.

CALCUTTA, BOMBAY, MADRAS, NEW DELHI.




Spedification

5 GOOP “OA

eoR

1. (Shalimar) Road Tar macadam.

oﬂ“ 's\“"\-
2. Waterbound macadam. “.g.. Tyt

3. Adequate soling.

e Y

4, Stable formation.

- lﬁi‘// '
- ~’.‘—\:\/~\ 2
":( :\f'\ﬂ')l—l“\ =\ \-1\\5)

’//WW%/

%mfgnaionmsona €o,LT0. TAR PRODUCTS
6. Lyons Range, Calcutta,y. ( '935 ) l_' MITED

Yoy

x1

BITUMULS

COLD BITUMEN EMULSIONS REQUIRE
NO HEATING

«« Direct From Drum To Road ”’

For construction of :—

ROADS
FOOTPATHS
ASSEMBLY AREAS
RAILWAY PLATFORMS
AERODROME RUNWAYS

Spray pumps and ex-service supervisors provided
free for all major works

Full Particulars and Technical Advice from :—

BITUMEN EMULSIONS (iNoix) LTD.

Head Qgice, Fartory o Laberatory:
7/1 HIDE ROAD, KIDDERPORE, CALCUTTA.

PAKISTAN FACTORY
LAHORE CANTONMENT.

Telegrams:— BITUMUL S,
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‘ 138 you know, asphate
s the easiest, fastest and mogt
€canomicq) Way to buiig new
roads or repair broken surfaces,

"

M

\

A

STANVAC

PAVING ASPHALTS o ASPHALTS

CUTBACK ASPHALTS ¢
#ad for technlcal assistance a
write to:

STANDARD-VACUUM OIL CO.

(The Liability of the Members of the ¢
Bombay - Calcussa - Colombo - New Deihj .

INDUSTRIAL ASPHALTS
EMULSIFIED ASPHALTS
nd advice withouyt obligation

empany is Limited)

Karachl « Madras . Rangoon “h

xiii

We can supply
Ex stock
Any Quantity

“COLFIX’> EMULSION
“HOTFIX’’ ASPHALT

TO MEET
YOUR REQUIREMENTS

Please Apply :—

McCLEOD & CO. LTD.
3, Netaji Subhas Road,
CALCUTTA.

THE BRAITHWAITE BURN AND JESSOP
CONSTRUCTION COMPANY, LIMITED

P-13, MISSION ROW EXTENSION, CALCUTTA

ENGINEERS AND CONTRACTORS

GENERAL ENGINEERING CONSTRUCTION
INCLUDING
S,
BRIDGES, JETTIES, PIPE LINES, FOUNDATION

ETC.

Sole Licensees in India for e ,
FRANKI COMPRESSED CGONCRETE PILI |
| AND
“SCREWCRETE " FOUNDATIONS
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Atlas Diesel stands for efficient and
economical pneumatic equipment—well-known

all over the world.

AIR COMPRESSORS ~PORTABLE & STATIONARY

ROCK DRILLS

COROMANT JUMPERS

COAL PICK HAMMERS
MINE LOADERS

PNEUMATIC HOISTS AND WINCHES

CONCRETE BREAKERS

SUMP PUMPS
PNEUMATIC TOOLS

Our Technical Advisers from Atlas Diesel
will help you solve

Your Mining, Tunnelling & Quarrying problems.

VULCAN TRADING cO., LTD.

o}
19, Biteh gt D Tho chut
.P' o n:: St. Nicol Road, Ballard Estate, Thambu Chetty St
. P. 0. Box 254, p. 0. Box 257.

P

Xvii
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Samothing gives it sddiine to what s voved o drictly dva.®

Ford flotor Cornfianycy el

LAST LONGER

BUILT STRONGE'R “TO



XViii

|

I
| .f
I

i umuuu;”
>
)

Variable Ballast mieans, for example, that a 3 ton
Rotler weighs 46 cwt. empty, nearly 63 cwt. filled
with water and over 70 cwt. when filled with sand.

PARTICULARS ON REQUEST

BURN & co., LTD.

AGENCIES DEPARTMENT
12, MISSION ROW, CALCUTTA.
SRANCHES AT . NEW DELHI - BOMBAY - KANPUR

AD NO 9653

INTERNATIONAL TD-24
Champion in Power...
Performance...Economy

NN NRR

It's the only crawler tractor with these features:

180 horsepower engine. Largest working horse=
power of any Diesel crawler in the world.

Planet Power drive. Power on both tracks for
gradual turns, plus instant high and low range
speed change without declutching.

Syncromesh transmission. You shift on-the-go
without waste time. Eight speeds forward . . . eight
speeds reverse.

Finger-tip hydraulic control. The TD-24 steers with
effortless ease, has matchless maneuverability.

Here is the tractor that will out-work all other
tractors on any job! Let us give you the perform-
ance facts, the economy facts...show you the
amazing features of this great International Diesel

Crawler.

Where smaoller tractors fail, you will find landclearing easy and economical
with the new International TD-24 Diesel and Isaacson Klearing Dozer. A
complete line of matched allied equipment is available for use with TD-24.

Bombay

VOLKART

(Agricultural Dept.)

Calcutta - Madras - Cochin - New Delhi
Karachi - Lahore

NPX

VOLKART BROTHERS
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WHote foh youch )
DRAINAGE ALLOCATION

Here is a sure way to save money on small
bridges. culverts and other drainage  structures,

Just specﬂﬁ ARMCO MULTI-PLATE Pipe, Arches
and PIPE-ARCHES.

The precurved, corrugated metal plates are light
in weight and €asy to handle. Unskilled labour
quickly bolts them into sturdy, long-lasting struc-
tures. Only a few simple hand tools are needed,

Your completed MULTI-PLATE structure will re-
quire practically no maintenance. And if condi
tions change, MULTI-PLATE can always be exten-
ded, or il necessary, completely dismantled and

re-erected at another Jocation without loss of
material,

ARMCO MULTI-PLATE is especially economical
10 transport. Individual sections nest into small,
compact bundles. Write for complete data,

ARMCO @“ INDIA LTD,

21, ESPLANADE MANSIGNS
Q’-CUTT,\.

;> RONGDONG CROSSING, ASSAM RAIL LINK
ARMCO MULT) pLATE PIPE, 3, GAUGK
Battery of Eight Pipes. Each 120" diameter,

176° rong Fil 40°,

e e s
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