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SYNOPSIS
>
Origin and destination of vehicle provides necessary data required
for planning, design and location of routes to serve best the demand of
traflic flow. This Paper describes the results of an origin-destination

Burvey of Delhi undertaken jointly by the Central Road Research Institute
and the Town Planning Organisavion, Delhi,

. _For purpose of this survey, tho urban territory of Delhi has been
lelr.led into 48 zones based on natural and artificial boundaries and roads
serving particular areas. Survey stations solected on the loop lines, indie
O&tu'lg lnner and outer cordon lines, are 3! in number. On these survey
Stations, vehicles were stopped on sampling basis and interviewed by the

roadside, asking them thoir points of origin, destination, purpose, income
and frequency of trips,

The data thus collected has beon mechanically analysed. These basic
tablqs have been submitted to rigorous analysis through tables and maps.
Origin and destination of each trip has been established separately for
motors-vehicle, animal-driven vehicles and cyelists. Correlation has been
studied between (i) mode of conveyance and ococuphtion, (ii) purpose

* Central Road Research Institute, New Delhi.
1
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of the trip and mode of convoeyanee,

! ‘ (iii) modeo of convoyanco wud income
group, and  (iv) distance eovered and

modo of convoeyance.,

The utillty of this information in

; . ) relieving congegtion on roads has
been discussed in detail, - &

L INTRODUCTION

L1 Delhi, the oldest metropolis of the world, has fastly
developed in recent years.  The population of Delhi in 1921 was
304,420 *  which gradually rose” to 695,686 in 1941, In 1947,
partition ovandia brought an influx of 400,000 displaced per-
sons from West Pakistan, All round the city several colonies
were opened to house the refugees.

1.2, In recent years, now hotels, Government block ivate
houses and buildings of al} kinds have g gy Dlocks, pri

. - P, ! rung up. The popu-
lation of Delhi in 1951 wag 1,437,134*, I')l‘he %reg;)ent estillr)mrt)ed
population of Delhi is about 2.2 millions.

L.3. Subsequent to the implementatior

1 of 1st and 2nd Five-
year Plans, the transport facilities

in Delhi have greatly
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Fig. 1. Showing the population increase in Dejhi since 1921

* Interim General Plan for Greater Delhi-1956.
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increased to meet the ever increasing demand. The m}inber of
vehicles on roads in the metropolitan city was 12,4:)0’ ab the
beginning of the first Five-ycar Plan, rising to about l(),;ﬁ)() aAfi
the beginning of the 2nd Iive-year Plan, excluding the num eri)
cyelists and animal driven vehicles. At present there are nea{r y
30,000 motor vchicles, 300,000 cyclists and about 10,000 slow
moving vehicles in Delhi.

1IN THOUSANDS
~
&

TOTAL NO. OF MOTOR  VEWICLES
°

5 9
L]
4 4
|}
i ) Y 1958 w39
1950 st 52 53 84 ss 56 5?7
YE AR

Fig. 2. Showing registration of motor vehicles in Delhi since 1950,

»

2. THE PROBLEM

2.1. The fast development of Delhi in an unplanned
manner has createdanum%er of traffic problems. Todayl we
find that the average speed on most of the routes is very owi
The roads are overcrowded and the result is the ]?1gh rate o
accidents. There were about 2,840* road accidents in Delhi ;3
the year 1958, i.e., about 8 road accidents per fla,y. As_ compar 9
to this, in 1957 there were 1,800 road accidents, i.e., 5 roa
accidents per day. ' .

22. In order to solve the traffic problem in a scientific
manner, it is essential to have an origin - destination @

* Road Accident Study—C.R.R.I. o
@ Origin - The starting point of a trip is that trip’s origin.
Destination - The end point of a trip is that trip’s destination,
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survey of different types of vehicles in Delhi. The survey will
give the travel patterns with respect to origin and destination of
each trip. A trip may be considered as ¢ one way travel from
an origin to a destination for a primary purpose”. The desti-
nation of one trip becomes the origin of the next trip. The data
from such a survey will provide a basis for determining the
demand, location, type and magnitude of new facilities and
help in rating priority for improvement of the existing roads.
Keeping this in view, an origin - destination survey of Delhi
was undertaken jointly by the Central Road Research Institute
and the Town Planning Organisation in OQctober 1957.

3. PROCEDURE

3.1. For the purpose of this study, the area of Greater Delhi
was divided into 48 zones, based on natural and artificial
boundaries and roads serving particular areas. The zones were

further grouped into three principal areas of traffic origin and
destination based on the land use. These are:

(i) The central core area or the inner cordon area,
comprising government offices and business area,

(iiy The surrounding urban development of residential
area or the mid-cordon area, and

(iii) 'The less populous adjacent rural lands, called in the
Paper as the outer cordon area.

Fig. 3 in. Plate I shows the map giving the 48 zones, the
principal areas and cordon lines.

32. On the cordon lines, survey stations for roadside
“interviews of traffic were selected so as to cover the major
routes both on the inner cordon as well as on the outer cordon
lines. In all there, were 31 survey stations, 22 on the inner

cordon and 9 on the outer cordon line. A list of the survey
stations is given in Appendix II.

3.3. Traffic was interviewed on o

ute 3 for ..
24 hours and from 6 A.M. t0 10 P.M. on the inmer wostan survey

_ the inner cordon survey
stations.
3.4. The vehicles were stopped on sampling basis with the
help of traffic police and asked the following sli)mp%e questions :
{i) Origin of the trip.
(ii) Destination of the trip.

)
)
(iii) Income of the person undertaking the trip.
(iv) Purpose of the trip. -
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(v) Occupation of the person undertaking the trip, and

(vi) Frequency of trips.

Interview time was never more than 2 minutes. Separate
questionnaires were prepared for fast moving vehicles, slow
moving vehicles and cycles, for recording data as a result of
interviews. In addition, continuous volume counts of traffic
were also taken on each of the survey stations in a separate
proforma prepared for this purpose. A copy of each of these
proformas is given in Appendix I.

3.5. For survey work, over 200 interviewers and enumera-
tors were employed and given a thorough training before they
were detailed on duty. Proper arrangements of chairs, tables,

transport and gas lamps at night were made for efficient
functioning.

4. THE SAMPLE

4.1. As it was not possible to stop every vehicle because of
heavy flow, random sampling technique was adopted.

4.2. A broad classification of all the vehicles was made
into three categories as (i) fast moving vebhicles, (ii) slow moving
vehicles, and (iii) cycles. The fast moving vehicles include
privatecars, motor cycles, taxis, trucks and motor cycle
rickshaws. The slow moving vehicles covered tongas, bullock
carts, rehras and cycle rickshaws. For the purpose of interview,
every 10th fast moving and slow moving vehicle was stopped.
Ine the case of bicycles, every 20th cyclist was interviewed, i.e.,

10 per cent sample for slow and fast vehicles and 5 per cent
sample for oycles,

5. CODING

~ 5.1. The analysis of about 30,000 interviews obtained from
this survey was carried out with the help of Hollerith Punch
cards. For this purpose, the whole of the data was codified
glving numerical code to each information. Fresh secondary
sheets were manually prepared in a tabular form to record the
coded information and get it punched on punch cards.
Following is the brief description of the coding scheme.

5.2. Time has been recorded on the field sheets in one
quarter hour intervals and is accordingly coded in quarter hour .
frequencies, 1 to 96, starting at 12 midnight under col. 1 and
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2 of the punch card. For working purposes, these time intervals
have been further condensed into four  time periods” and
coded for this column as follows:

Morning peak period S to 9.45 A.M.
5 to .45 P. M.
9 P.M. to 5.45 A.M.

All others,

Evening peak period
Night hours

Ll O e

Off peak hours

5.3. Inbound direction has been coded by 1 and outbound
direction by 2 under col. 4 of the punch card.

5.4. Outer cordon stations, No. 1 to 9, have been coded as
such, whereas the inner stations marked on the map by letters
‘a’to ‘v’ have been coded by two digits running from 10 to 31.

5.5. Mode or type of vehicles was coded and punched under
column 9 of the punch card. Although field sheets did not provide
a separate column for cycle rickshaws, the interviewers made a
separate note of cach cycle rickshaw interviewed and, therefore
it has been allotted a separate code—code 8 under column 9.

For most of the working purposes, theso vehicle types were
grouped under three broad headings as (i) motor traffic (fast
moving), (ii) animal drawn (slow moving), and (iii) cycles, and
are coded under column 10 of the punch card as follows :

Fast moving vehicles
Slow moving vehicles

, Cyecles

5.6. All origin zones are classified into 48 areas as shown in
Fig. 3 in Plate I. (Also, see Appendix IV). Zone coding has a
numerical designation from 1 to 48, but for simplifying the
analysis work, certain zones were grouped (see Appendix I1IIA)
keeping in view theroad system and other topographical features,

5.7. Same groups and codes were used for destination
zones also. :

5.8. In cases where interviews were recorded with several
persons in a vehicle while coding information about purpose of
the trip, income and occupation of the person undertaking the

trip and frequency of trip, only one interview was coded. A

copy of the coding scheme along with the code sheet has been
given in Appendix III B.
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6. ANALYSIS and DISCUSSION

6.1. As one punch card represents one interview, 30,000 such
cards were punched toaccommodate the full-information. Fig. 4
in Plate I shows the design of the card. The Hollerith tabula-
tions were obtained from these punch cards mainly to
establish the following: '

(i) Toestablish the spot volumes at each of the inner
survey stations, for each type of vehicle.

(ii) To establish relationship between (I) purpose of
trip and mode of conveyance; (II) purpose of trip
and period of the day ; (II1I) income and mode of
conveyance ; (IV) occupation and mode of con-
veyance ; and (V) mode of conveyance and length
of trip. .

(iii) To study thoroughly the origin - destination data
with a view to relieve congestion in the central area.

6.2. The basic Hollerith tables werc transformed into
rectangular origin-destination tables for preparing the desire
line * charts. A collection of trips with common origin and
destination has been represented by a band of desire lines which
Exve al.n indication of the directions in which the traffic wishes to
ravel.

6.3. The desire line maps are presented as Figs. 5, 6 and 7
(Plates I and II) separately for fast, slow and cyclists’ traffic
respectively. These desire line charts indicate the general daily
pattern of travel of different modes of vehicles in Delhi and New
Delhi, not as it actually moves but as it would have moved, had
there been no physical obstructions in straight line path. A

desire line map for the traffic crossing Jamuna River has also

been developed as shown in Fig. 8 (Plate IT). '

6.4. In order to interpret the desirc line maps, actual

travel line .maps have also been prepared. For this purpose ..

existing major routes of traffic flow were marked on the city

;m% of Greater Delhi and trips have been put on the existing .
0

P able shortest routes in the travel line maps shown in
igs.

9 and 10 in Plate TIT separately for fast and cyclists’
traffic, ) :

* A desire line is a straight line joining the points of origin' and

destination indicating the line of least distance of travel had there been :

no physiocal barriers.

LT
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In the above maps, combined morning and evening peak
hours’ traffic is also distinctly shown in the centre of the desire
. lines.

6.5. Pie-charts,shown in Figs 11t018in Plate 1V, represent
inbound and outbound traffic for each zone separately for
different types of traffic.

In traffic analysis these pie-charts are generally drawn on.
the city map with a view to show the relative magnitude of
traffic problem in each locality. 1n the present case, it was not
possible to draw these pie-charts on the city map of Delhi
because of the following reasons:

(i) The mixed fast, slow and cycle traffic required a
separate ‘pie’ for different types of vehicles for
each zone in order to be helpful in traffic analysis.
This meant prawing 3 ‘pies’ in each zone which-
was not possible to adjust in most of the smaller
zones in the inner cordon area.

(ii) The variation between zone to zone traffic was quite
large and thus these pies could not be drawn to any
convenient scale within the zone size.

A rigorous traffic analysis necessitated information
on the distribution of inbound and outbound traffic
of a particular zone with respect to other zones.
This demands drawing of 3 ‘pies’ for inbound as
well ag for outbound traffic in each zone. Thus to
accommodate eight pies in each zone was not at all
possible.

For these reasons, therefore, pie-charts have been prepared
on separate papers. The bigger circle in every case has been
divided into 3 sectors according to the percentages of fast, slow
and cyclists’ traffic. The smaller circles show the contribution
of the various zones towards the inbound traffic and in the case

. of outbound traffic these show the distribution of outgoing
traffic to other zones.

6.6. Tables 1 shows the composition of fast, slow and cycle
traffic for all group survey stations (Appendix III, coding scheme
during different periods of the day.

Note :—Travel line map for slow moving vehicles was not prepared due
to their limited fiold of operation. It can be seen from the desire line map
for slow moving vehicles that a majority of them operate between certain
zones of Old Delhi only.
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6.7. Mode of Transport versus Trips

Table 2 classifies trips according to the mode of transport
used. (oods are transported hy trucks, bullock carts and rehras.
Hand thellas are relatively less utilized due to their limited field
of operation. Amongst the private vehicles, cycle is the
predominant mode of conveyance. About 88 per cent of the
trips made by private vehicles are by cycles. Private cars make
) per cent of the trips. Rest of the trips are by motor-cycles.
Taxis, motor-cycle rickshaws and tongas are competing each -
other among the hire vehicle trips. Tonga trips are mostly in
Old Delhi.

TABLE 2
Daily trips made by different forms of transport
T S 1 3
T —
Goods | No.of | Der |Private o . Per Hire | Per
vehicles | trips | eent fvehicles Total | ent, vehicles; Total | cong
i - | _ : L :,_
Truck 10,720 43.80 |Private 39,630 | 9.01 | Motor 20,400 | 36.54
ear | cvele-
rickshaw .
Bullock- | 10,800 42.81 | Motor 13,750 3.13
cart and cyelo ; Taxi | 14,790 | 26.49
rehra \ {
|
Hand 3,440 13.80 | Cyele  3,86,460 87.86 {Tonga 17,650 31.61
thella | ) . ;
, |
| | Cycle 2,000 | 5.36
| i rickshaw
SN S | R P
_— TR IS TR
Total : 24,760 100.00] Total {4,30,840? 10000] Total ' 55,830 | 100.00
! I

This Table, while presenting the use of different types of
vehicles in Delhi, clearly points out that cycle trips are the
maximum. In formulating any safety measures it is thus
essential that the needs of cycle traffic should be given the
highest priority. It may be pointed out that recent study of
road accidents in Delhi has shown that cyclists are involved in
most of the road accidents.

6.8. Mode of Conveyance versus Distance

. . Table 3 has been prepared with a view to study the average
distance per trip performed by different types of passenger
transport vehicles in Delhi, ‘
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TaBLE 3

Percentage of trips classified by distance and
mode of conveyance

Mode of conveyance

Length of trip

I
| .
! Cycle \ Private  Motor cycle

car " rickshaw ] Taxi
| j

TUp to 1 mile 0.49 0,21 0.36 0.29
1-2 . 5.82 8.19 7.14 7.24
2.3, 18.81 19,13 26.79 28.42
34 " 23.17 28.09 25.86 25.31
4-5 ., 14.14 13.29 16.46 16.49
5.6 ., 9.84 8.44 6.18 6.07
67 8.40 9.65 6.30 6.65
7.8, 8.39 5.31 4.58 4.19
g9 471 2.95 197 1.52
910 ,, 3.62 2.20 2.54 2.10
Mare than 10 miles 2,61 2.54 1.13 1,72
Total 100.00 100.00 100,00 100.00
'

The ‘modal’ or the most frequent distance for a cycle trip

is 3.5 miles, indicating that upto this distance i

convenient to travel, The Table?, however, shows %h:zcm{lg:: tf}ixl;g
50 per cent of the cyclists are forced to cover a distance more
than 4 miles and upto 10 miles. This is perhaps due to high
transport charges and poor bus frequency. In case of motor

vehicles, i._e.,. private cars, motor cycle rickshaws and taxis, the
average trip is of a distance of 4 miles.

As the. average travel distance per trip in case of eycle and
motor vehle!e is the same, i.e., about 4 miles, it may be stated
that the residential areas and working centres of persons using

these; types of transport are on an average at the same djstance
apart, :
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6.9. Occupations of Persons and Frequency of Trips

Table 4 has been prepared to study the distribution of trips
performed by persons engaged in different vocations. Occupa-
tions have been classified by major industry-wise, such as agri-
culture, mining and quarrying, manufacturing, construction,
electricity, trade & commerce, transport, services, government,
ete.

TABLE 4
Percentage of trips analysed by occupation

Occupation Percentage

Agriculture 1.18
Mining & quarrying 0.62
Manufacturing - foodstuffs and

textiles 2.79
Other manufacturing 3.41
Construction 5.63
Eloctricity (gas, water, etc.) 3.27
Trade & commerce 15.43
Transport, ete. 8.44
Service - Government 31.88
Others 27.35
e o
° col, 2 and 3.)

The Table shows that the maximum number of trips, i.e.,
about 32 per cent, are made by persons employed in Government
services. This confirms that Delhi is mostly inhabited by
People in Government services. About 15 per cent of the trips
are made by persons in trade and commerce, indicating that
Delhi is also developing now as a commercial city. Persons
serving transport industry made about 8 per cent of the total
trips as compared to 6 per cent of the trips performed by people
engaged in construction work. Very few trips are undertaken
for agrioulture and mining and quarrying.

6.10. Occupation versus Mode of Conveyance

The previous Table has shown that nearly 32 per cent of the
trips are performed by Government servants. Table 5 now
provides the details of these trips as per mode of conveyance,
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TABLE 5

Percentage of trips classified by occupation and mode of conveyance
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The Table shows that cycle is the chief mode of conveyance
in almost all the cases. Private cars are more used by persons
employed in Government services followed closely by people
engaged in mining and quarrying and trade & commerce
together. Tonga trips which are mostly in Old Delhi and it8
nearabout, as pointed out carlier, are made by Government
servants and by people engaged in trade and commerce.

6.11. Purpose of Trip

Table 6 gives the distribution of trips according to phe
purpose for which they were undertaken. A broad classification
of purpose has been made as work, shopping, training,
recreation, health, etc.

TasLe 6

Percentage of trips classified by purpose

Purpose Per cent
Work 76.86
Shopping ~ wholesalo 3.29
Shopping - retail 2.30
Training 3.59
Recreation 2,93
Health 1.11
Others 9.92
Fotal 100.00

It is seen that 77 per cent of the total trips are made by
Persons for work. About 6 per cent of the trips are made for
Shopping purposes whereas about 3 per cent for recreation and
1 per cent for health purposes. The Table further shows that
about 85 per cent of the trips performed have inelastic demand
for making the trips. These trips include purposes such a8
work, wholesale shopping, training and health. The remaining
trips are for purposes which have elastic demand.

6.12. Purpose of Trip and Period of the Day

_Table 7 gives the distribution of the trips over different
periods during which they were undertaken. About 30 per cent
of the trips with elastic demand are made during the morning
and evening peak hours.
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TABLE 7

Percentage of trips classified by purpose and
periods of the day

t ‘ Purpose
Period | Work \\;2(1)(10':Remil Train- | Rooroo| yoattn | E52 §
| 76800 | gag) (301 350) | oy | LD | B2y g
1. 8t09.45 : ! 3 ) ot -
AM.' 2088 1691 | 1163 | 1001 | 818 | 1494 | 1166 Photo 1. Phota 2.
9. 510645 | / l \ v ! Shows a motorist being Shows interviewers recording
- P.M.% 2154 1457 1663 | 1450 | 2136 | 2657 | 2567 interviewed an interview with the
3. 9P.M. to | ; ! ‘ passenger in the motor-
545 AM.| 541 . 321 { 559 @ 402 | 1035 | 7.78 6.51
| cycle rickshaw
4, Other
hours | 52,17 | 65.31 | 66.10 | 61.57 | 6011 | 50.73 | 56.18
e ) S D
Total ' 100.00 ' 100.00 Lloo.oo ]100.00 100.00 |100.00 | 100.00
1 ;

As pointed out in reference to earlier Tables, the majority of
the trips in Delhi are undertaken for work. Ta_.ble 7 sho_ws that
42 per cent of the work trips are performed during morning and
evening peak hours covering 3} hours of the day. 5 per cent of
the work trips are made during night hours and the remaining
are distributed over other hours. It is, in fact, these work-trips
which create heavy rush during peak hours. If the demand for
these work trips could be staggered, it will be very helpful in
relieving congestion during these hours.

During off peak hours there are relatively more number of
shopping trips than other periods of the day. Retail shopping is
mostly done during the evening hours.

Recreation trips are mostly performed during evening hours.
Next to work, the night trips are performed mostly for recreation

purposes. Trips performed for health purposes are evenly
distributed on peak and non-peak hours.

Photo 3. Photo 4.
6.13. Purpose and Mode of Conveyance

Shows a metor cyclist being

A cyclist is being interviewed

Table 8 has been prepared with & view to study the
relationship between mode of conveyance and purpose of the
trips. Table 9 further gives classification of the trips by different
conveyances according to purpose,

interviewed on the roadside
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TABLE 8

Percentage of trips classified by purpose and
mode of conveyance

Conveyance
° Motor ‘ B -
, Purpose 54 leyele  Motor & |23 2 3
! >a felia Taxi | o = S @ S S
i rick cycle =] O‘M o &
- shaw ] E
Photo 5. Photo 6. Work 7.20| 3.00| 240} 2.563| 2.96| 0.66|80.98 | 100
Traffic congestion in Subzi- Shows a heavy cycle traffic Shopping wholesale 9,74 4.22 3.39] 274 474 0.42)73.75 | 100
mandi area is mostly duc to along with fast traffic on Shopping retail 462! 208 115, L73| 3.74| 0.37|86.311 100
the big volume of slow ) |
moving  vehicles  which Shanker Road Training 3.97| 221| 3.05| 1.66| 132| 0.37|87.42| 100
i | i .
occupy most of the carriage- Reoreation 2116| 739 411| 4.96| 428! 0.28(57.82| 100
;ay on a broad road } ;
W Health 1079! 3.65 370 125) 2.86! — |77.68 100
Others 10.19| 3.91) 3.20| 295| 169} 033|77.73| 100
| | .
TABLE 9

Percentage of trips classified by mode of conveyance
and purpose

- E Purpose
bo*" A &0 1
Mode of conveyance \ M 86, 'gfg 2 | %4 ] £ 5 3
2 G2 e8| d |52 § £ |8
B S58ISR| R 8% | @ |8 | &
_— w- & | ©
Private car 70.71| 4.05 | 1.34 | 1.80 | 7.83 | 151 | 12.76 | 100

Motor oyole rickshaw  [72.24| 4.24 | 146 | 242 | 6.60 | 1.23 | 11.81] 100.

Photo 7. Photo 8. Taxi 72.47| 424 | 101 | 4.14 | 456 | 1,58 |12.00| 100

‘ | . .

Rush of cycle traffic on Punch- Kerb parking of motor Motor oycle 74.28 | 4.70 | 1.52 ‘ 2.27 | 5,64 | 052 | 1117 100"
kuin road during peak period vehicles on both sides of Tonga 7876 | 5.40 | 2.08 | 1.64 | 4.3¢ | 1.00 | 5.719

th v _ v
¢ read takes away much Oyole rickshaw 86.80| 2.6 | 145 | 2.28 | 1.40 | ... | 5.84

Cyole - .. 7775 | 3.04 | 2.48 | 3.92 | 2.12 | 1.07 | 0.63{ 100

3

of the effective road width
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Table 8 shows that cyele vemains the predominant mode of
conveyance for all purposes. Trivate car is utilized more for
recreation and health purpoces, The hire vehicles perform
almost the same number of trips ax private vehicles for almost
all purposes. But this Table fails to provide the distribution of
cycle trips, for instance, over different purposes. Table 9 shows
that among cycle trips about 78 per cent are performed for work
purposes. Similarly, in the case of private car trips, about 71 per
cent are performed for work purposes. ‘The Table further shows
that more than 2/3rd of the total trips in Delhi performed by
different types of vehicles are for work purposes. Marketing
trips arc performed mostly on cycics, private cars and tongas.

6.14. Income and Mode of Conveyance
Table 10 classities trips according to income of the person
making the trip and the mode of conveyance employed.
Tapur 10

Percentage of trips classified by income and mode of

conveyance
- = i <
5 9B ¢ " B
. PRl % L 2| ¢ | 3
ncome grouyp bl =% ) rh'.' - »):}; i -+
grout £ 21 r 28 SE D&
EEEL 2 =
S M T N
Less than Rs 75 — — - - 376 | 1.44 19480 100
Rs 75 — 99 — — - — | 245) 0619694 100
Re 100 — 149 — ] = | - = | 3220 0559623 g0
Rs 150 — 249 Do— 1 5881 — | 499] 400 0.4 8513 100
Rs 250 — 499 Co— ] 92— 100t 332] 0967601 100
Re 500 — 749 P3043 | H1L99| 9541328 ] 9. ,
° 7 | ’ Bl 2341 0163226 | 100
Rs 750 — 999 SH24| TUS | T2 111191 15| 021 ] 18.02 Lo
) 2 | )
0 -— 1,499 186.7 3,09 : " -
Ras 1,000 — 1,49 18 161 6.021 9241 707! 157 0.021 7321 100
Re 1500 — and more CT4920 513 7280 4550 1 ,
4 d.x 60 021 DY
] 6.36 | 100

From the Table, there seem three bro
persons according to their income as far as the;

. . ar as ir mode -
veyance is concerned, viz., (a) persong having income u to(i{s (i(t)ir(l)
(]o) with income from Rs 1530 to Rs 500 and (c) ngr oV,
income more than Rs 500 p.m, ’ sons with

ad classifications of
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The chief mode of conveyance of persons falling in category
(a) is oycle. About 96 per cent of the trips are made by cycle.
Rest of the trips are mostly made by tongas.

Persons falling in 2nd category also use motor vehicles like
motor-cycle and motor cycle rickshaw as their mode of con-
veyance whereas usage of slow moving vehicles is comparatively
less. But in this case also, the chief mode of conveyance is
eycle. Nearly 80 per cent of the trips are made by cycle.

Utility of motor vehicles is more for persons with income
more than rupees five hundred per month. Private car is the
predominant mode of conveyance of this class of people. In case
of persons with income ranging from Rs 750 to Rs 999, nearly 50
per cent of the trips are performed on private cars and with
income between Rs 1,000 to Rs 1,500 it rises to about 70
per cent. '

7. CONCLUSIONS AND RECOMMENDATIONS*

7.1. The desire line map for cycles, Fig. 7 (Plate II), shows
that there is a maximum demand of a straight road between
zone 4 and 11, i.e., Subzimandi area and Chandni Chowk. Now-
adays, the traffic along these zones moves via Tis Hazari,
Dufferin Bridge and Queens Road. As these roads are already
heavily congested, it would be proper to reserve a route exclu-
sively for the use of slow-moving vehicles which predominate in
this area as indicated in Fig. 6 (Plate 1I) showing desire line map
for slow-moving vehicles. These slow-moving vehicles mostly
originate from vegetable market area in Subzimandi and may .
be sdiverted to Boulevard Road and allowed to enter Chandni
Chowk via Dufferin Bridge. The fast-moving vehicles and cyclists
may continue touse the existing route and join Queens Road from
Pull Mathai. This will segregate the slow moving traffic from
the other types of vehicular traffic in this most congested area.

7.2. Cyclists’ desire line map, Fig. 7 (Plate II), also shows .
that there is a heavy cycle traffic from Vinay Nagar side coming -
up to Najafgarh Road area via Shanker Road. In order %o .
relieve the area of congestion, it is suggested that a separate
cyole track called an  expressway ’ preferably with covered
top for providing protection against sun and rain, exolusively
for the use of cyclists may be developed as shown in the travel -
line chart for cycles, Fig. 10 (Plate III), by dots.

. %It is recommended that a field survey be made with a view to look ..
into the possibility of implementing the suggested improvements made in .
this Paper and making minor changes here and there to completely &t iR
yith the fleld conditions, ' L
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7.3. The third route of cycle traffic congestion is from trans-
Jamuna to Chandnj Chowk area. The suggestion of providing
another bridge over the Jamuna River made in latter psra-~
graphs will greatly help to relieve this congestion.

7.4. The desire line

map for fast moving vehicles, Fig. 5
(Plate I), indicates the fol]

owing routes as heavily congested :
(i) Chandni Chowk—Subzimandi.

(i) Chandni Chowk—Connaught Place.

(iii) Connaught Place—XKarol Bagh.

Situation (i) has already been discussed wh
cyclists desire lines in para 7.1. and an appropriate measure hasg
been recommended. Ag regards (ii), there is a strong need to have
a direct link between Chandni Chowk and Connaught Place
besides the existing Minto Bridge, Perhaps it may be possible
to develop a route from Chandni Chowk—Jamma Masjid—Turk-
man Gate—Mata Sundri Road joining Barakhamba Road and
Connaught Place. This wil] necessitate providing an overhead

railway bridge ncar Rouse Avenue,

ile discussing

As regards situation (1ii), Punchkuin Road exists as a direct
travel road between Kapo) Bagh and Connaught Place. As this
road carries a heavy volume of fast and cycle traffic, it is
recommended that o continuous cycle track on both sides of
this road should be provided and cycle traffic at intersections
should be controlled wigh additional phase in signals  for
cycles only,

7.5. The desire line chart for trans-Jamuna, traffic, Ftg. g
(Plate II), shows thg

€ t there is quite a heavy volume of traffic
crossing the present Jamuna, Bridge. The analysis shows that
ovide another bridge over Jamuna, River in
gestion on the present bridge. Based on the

n-I & acecording to moment
area method, it is foung that the location of the bridge should
be mnearabout th.e present bridge. Ryt keeping in view the
developtﬁents éaa,kmg place in the southern parts of Delhi, it
may perhaps be more advantageous t i id ’

Niomadans ‘ geous to provide a by lage near

7.8 The travel line charts given in ¢
cycle traffic as we)) a8 motor traffic j
Bazaar Road and degey:

_Provision for a separate cye) ‘
: yCle route between Red Fort
Delhi Gate should be made, The cycle traffic may comer Ogni

he Paper also show that

! 8 very heavy on Faiz
I'ves immedigte attention, '
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' ‘or y i 1er and then take
e te route from Red Fort to Daryaganj cor: ]
: g?;:r;;n towards Ansari Road to join the main stream of
traffic at Delhi Gate only.

7.7. <Pie’ charts, Figs. 11 to 18 (P‘Iate 1V), 'saho%'thzi-;
there ‘iq'n, heavy flow of traffic from resident]l)a‘l ?rrzzstigk%ncig%e
C y i ', Patel Nagar, iplo s
way Camp, Shaktinagar, inclave,
i trans-Jamuna zones
Jungpura, Lodi Colony and from ) o arde
"busi Jentral Secretariat, Connaug
office and business areas such as Cen : y Bh
i j She i Chowk during the morning p
Place, Daryaganjand Chandni C % the morning pea s
urs. Analysis of traffic into fast, slow an ¢y , 88
?I?utxi:e ‘pig ’ ():,hurts clearly confirms the earlier conclus'llt‘)t?ertehx;.:
cycle is the chief mode of conveyance in every ca;fa.di Colony
a maximum flow of cyclists from \71(1ay Nagar, Lo L Rivel,‘
Kingsway Camp and from colonies situated across the
amuna,.

From the desire line chalr\It; for ciclégtscéilzox:;;;zer?dtg::einlg?g::
affic from Vinay Nagar, Lodi Colo tel.

gfnzzc;gotgm Central Secretariat and m?;ommg greas, vglﬁi!]‘:agﬁi
for most of the cyclists coming from Ku.lgsvwfa,y a.mg), pt
nagar and trans-Jumuna area, the fies_tmabmp z_onef 8 chandnl
Chowk and its surrounding areas. Similarly, it IBP ;)1; Nagar
there is a heavy flow of fast moving v.ehlcles fromh. }a:.c?)mes ovel"
Lodi Colony, Jangpura and Diplomatic Enclave w dxc. Chowk
to Central Secretariat, Connaught Place and Chandni .

From the above data and charts, it should be clear thbaéet(:otgg
inner cordon zones comprising office and business a}'easestion is
crowded during the morning peak hours a.n(} thfls .(]’%I;gs in this
mote or less of longer duration. Proper parking faci ld ¢ Compa-
area should be developed to meet this hany demand. Hablopa-
ring the inbound traffic with the total parkm.gsPac]e Fine need for
Particular zone, it is observed that ther.e ‘ls a l% a{Imga Bagaar
off street parking in areas such as Chandni Chowk, D a};ment oi
Karol Bagh and Connaught Place. .Proper re-arrfmgoonnaught
Porking is also necessary in areas like Daryaganj, :
Place, Kashmere Gate and Naya Bazaar. a

7.8. In order to relieve congestion in tpe inner cordo(x:0 :(;‘::
traffic with origin and destination both outside ﬂée llllmgliver bible
20nes should bypass the inner cordon area. ue nroute com-
braffic which passes through the inner cordon zones e
Prises the following three movements, viz.,

(i) traffic with ofigin and destinatjon both outside the
outer oordon ; : : : '

.
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(i) traffic with origin outside the outer cordon and desti-
nation in the mid cordon zones and vise versa; and

(iii) traffic with origin and destination hoth in the mid-
cordon zones,

Such divertiblo traffic is 19.23 per cent of the total inbound
traffic, showing thereby that a considerable amount of congestion
can be relieved simply by re-routing the inbound traffic which has
origin as well as destination zones outside the inner cordon areas
but which passes through the inner zones enroute,

7.9. At present there exists a ring road round Delhi, as
shown in Plate V, which almost coincides with the boundary of
the outer cordon zones. This by-pass is useful mostly to traffic
with origin-destination outside the outer zone, but is of little
use to other movements of traffic listed above. At present g
major portion of this traffic has to pass through the inner conges-
ted zones enroute to their destination.

7.10. 1In order to save the inner congested areas, another
suitable loop road has been suggested as shown in Plate V. This
road will lic in the mid cordon area and will divert the above
mentioned traffic from going to the central areas,

For example, with the existence of such
ween Kingsway Camp and Patel Nagar
through the inner cordon congested area o
proposed road. This will not only avoi
inner cordon area but will provide a free
traffic. Similarly, traffic from ar
Tomb, Jangpura and Lodi Colony
Karol Bagh can avoid entering Con
by using the proposed loop road.

7.11. Tt has been observed that congestion on certain roads

can be reduced to a marked degrec by segregating trafic of
different movements with the provision of new by-passes. Traffic
coming from Qutab Road and Mathura Road and going to trans-
Jamuna side can cross the riv

er Jamuna near Humavun Tomb
via proposed Inner Ring Road, as shown in Plate Vy and can

thus avoid coming to Mathura Road, Faiz Bazaar and Elgin
Road, which are already heavily congested. This ond Blgin
the construction of an overhead Jumuna Bridge and also a

railway bridge near Humayun' Tomb as shown in the same
Plate.

a road, traffic bet-
instead of passing
an move along the
d congestion in the
route for divertible
cas situated near Humayun
coming to Patel Nagar and
naught Place or Central Vista

7.12. In order to relieve congestion on

Mathura Road and
Faiz Bazaar, a separate link road has been an

marked out, conneeg-

( TE DE 3 6 3
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‘ g ' j S i ith
ting Chandni Chowk, Turkman Gate, Mata Sundri Road wi
Lyt%t;onl Road and Pandara Road. This link road meets the Inner
Ring Road (proposed) near Lodi Colony.

The road will carry most of the traffic crom.ing from and
going to old Delhi and South Delhi colon}es. This will necessi-
tate the constuction of a new railway bridge ncar Rouse Avenue,
shown in Plate V., -

In order to save Connaught Place area from over-congestion,
traffic coming from Old Delhi to Central Secretariat should be
diverted towards Ferozeshah Road after crossing the proposed
overhead bridge near Rouse Avenue.

This will also relieve congestion on various e.pproa.ch
roads to Connaught Place, Central Secretariat and especially at
Minto Bridge.

8. SUMMARY OF RECOMMENDATIONS

The various recommendations and suggestions given at
relevant situations have been listed below:

(i) The transport facilities in Delhi in general a.re1 in-
adequate, with the result that persons have to cycle fpr as loug
a distance as 10 miles. D.T.U. should take up investigations to
find ways and means for providing cheap and adequate trans-
port facilities for citizens of Delhi.

(ii) As most of the trips in Delhi performed for woxl'lk
purposes are during the peak hours, it is recozpmended tha.t_t e |
demand for such trips should be staggered in order to relieve
congestion on roads.

(ili) In order to provide a by-pass for the inner cordon
area comprising Government offices and business centres, m(xis
suggested that a new Inner Ring Road should be developed..

his measure will help to relieve about 20 per cent congestion in
the inner cordon zones.

iv) The suggestion given in (iii) above also necessitates l
the cs(on)struction gfg s new bridge over the Ja.mul:na River near
Nizamuddin at the junction of the proposed ring road. Tt:: 5
new bridge will not only help to provide a passage on the ot
side of the Jamuna Bridge to the traffic coming from the inner
ring road, but will also allow the traffic from the whole of Sbgblf 3
Delhi to cross the Jamuna at this point. g

B3
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(v) As the roads in inner cordon area are lLighly congested,
an alternative route connecting Old Delhi with colonies in South
Delhi by-passing Connaught Place has been suggested via
Chandni Chowk, Turkman Gate, Mata Sundri Road, Lytton
Road, Pandara Road and Lodi Road. This route will necessitate
the construction of an overhead railway bridge near Babar Lane
where at present a pedestrian bridge exists,

This link road will reduce traffic on approach roads to
Connaught Place from Old Delhi side especially at Minto Bridge.

(vi) A separate cycle track exclusively for the use of cycles,
called an ¢‘express cycleway”, with coverad top, in order to
provide protection against sun and rain, may be constructed
connecting Vinay Nagar, Shankar Road and Najafgarh area.

(vii) There is a strong need to develop a continuous cycle
track on both sides of Punchkuin Road which provides a major
link between Connaught Place and Karol Bagh. Cycle traffic at
intersections should be controlled with additional phase in
signals for cycles only.

(viii) As the traffic between Subzimandi and Chandni
Chowk is quite heavy, it is found that the existing routes are
not adequate to handle the mixed traffic efficiently. As most of
the slow moving traffic originates from Subzimandi Market, it
is suggested that the slow moving traffic may be diverted towards
Boulevard Road and should enter Chandni Chowk via Dufferin
Bridge. TFast traffic and cyclists may use the existing route via
Tis Hazari, Pull Mathai and Queens Road to enter Chandni
Chowk. .

This measure will help relieve congestion by segiegating
slow moving traffic from the main stream.

(ix) Since traffic on Faiz Baazar Road is very heavy, it is
suggested that a cycle route should be developed between Red
Fort and Delhi Gate as mentioned earlier. This will segregate
the fast and cyeclicts’ traffic.

(x) As office areas and business centres like Chandni
Chowk, Naya Bazaar and Connaught Place become crowded
during the morning peak period and since this congestion is of
long duration, it ishighly recommended that proper arrangements
for off-street parking should be made at Connaught Place,
Chandni Chowk and Naya Bazaar area tor smooth flow of
traffic. Rearrangement of parkingis alsorequired in Faiz Bazaar,
Kashmere Gate and Connaught Place areas.
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9. SUGGESTIONS FOR FUTURE ORIGIN—DESTINATION
SURVEYS

9.1. Before conducting an O—D Survey, a thorough study
of natural phases in the topography, bridges, tunnels and ot}.xer
funneling points of traffic flow is most essential. The city
under study should be divided into major areas, such as:

(i) Business-cum-shopping arca.

(ii) Areas comprising Government and private offices.
(iii) ¥ducational and university areas.
(iv) Residential areas, and

(v} Suburban areas.

9.2. For roadside interviews, suitable locations for survey
stations should be made on the boundary line of these areas.
A movement from one area to another should only be recorded
as a trip, because in the present case it has been-obs.erved that
movements by vehicles with origin and destination in the same
area but passing through other areas enroute have also been
recorded.

. 93. In order to speed up the interview, the amount of
information should be held to a minimum. On heavy thorough-
fares, a multi-lane arrangement is necessary to avoid accumulation
of traffic during peak periods. One lane should be uspd for
Interviewing and tho excess traffic is to be by-passed in the
extra lanes.

, 9.4, The interviewers should be given thorough instructions
about the information to be furnished in the proforma. In case
of commercial passenger vehicles, it should be noted that it is
the passenger and not the driver who isto be interviewed and any
Information to be filled should be furnished from the passenger
hiring the vehicle or from any one of the passengers, in case
there is more than one. If possible, a pilot survey for a day
shou}d be conducted just to train the interviewers and to ensure
efficiency and accuracy.

9.5. In order to minimise the office work, information
should directly be recorded in a precoded card. This is feasible
on survey stations situated at points where major roads enter
urban areas.

9.6. Hollerith Punch carding technique should only be
employed in case the number of interviews is very large, say, .
more than fifty thousand. In other cases, this can be profi-
tably avoided by employing enumerators for sorting purposes.

4
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Appendix I (Form No. 1)

ORIGIN-DESTINATION SURVEY OF TRAFFIC—GREATER DELHI 1957
N BT s e reerercanensrossasssasesscennsesorariorotsnannses Direction In Out
TIINI0ueersevernveeeressnnssnnansnmenssnennesrtnnierensse Station No.wvvereeeneeenrennnns
MODI = ORIGIN DESTINATION PURPOSE FREQUENCY OCCUPATION INCOME
£S5 o
S, No. |- Z e —— - R ; o T S e
‘ ‘ ‘ > & . i N t : e N t s ; © Mfg. | Mfg. i ‘ | 1 !
R e Tl I a2 I o R i Bl e Il bt A A e e e D IR I
. . i . ' : i | , ) : !
) !
|
2 I ’ l
’ (
i
(Form No. 2)
ORIGIN-DESTINATION SURVEY OF TRAFFIC—-GREATER DELHI 1957
N L1101t en v eeenserneenensnneacnsncenciaanss .. ..... LI Direction In Out
T 1T 10 et veeeerenetnensnneernensesiadatesanansntrnenana, Station NoO...cc..ciovvererseenres
MODk ». ORIGIN DESTINATION PURPOSE FREQUENCY OCCUPATION INCOME
=9 R U N I —
§. Ne. g g \"_ o 7tﬂ Nearest Mfg ‘ Mig [ R
- > 3 T Nearest ol . ’ . Mig., g . :
ro B H _ Loeality Street | intorsoetion Locality Street intersection W |SW | Sp ’ T ‘ R J H|O D ! W M | Agr. | M.Q. (A) | (B) Con.| Ele. | T.C.{ Tr. |Ser. |[Oth. |]A | B/ C|D | E|F ‘ TH I
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Appendix III ‘B’

Origin-Destination Survey of Traffic Greater Delhi, 1957

CODING SCHEME

1. Time

Timoe has been coded in quarter houp

frequencies ¢ ot
12 midnight. ! s, 1to0 06, starting at

2. Time Period

Mornine poak period 8.00 - 9.45 A M 1
IZvoning peak poriod 5.00 - 6.45 P.M 2
Night peak period 9.00 P.M. - 5.45 A M 3

Off peak period All othors

3. Direction

In bound 1

Out bound

|34

4, Stations

Outer cordon stations Nos 1t
N ! e f S. 160 0 have }
stations, labcled o to v, have oon codod ag such,

m o . The inner
10 to 31, been ended with two dig

its running from
L4

5, Station Group

iroup Basic station codla Station group codo
Northern 13, 16, 17, 18
Southorn 24, 25, 26, 27, 28, 29, 30 1(1)
Western 10, 11, 12, 13, 14 49
Minto Road 19 X
Kashmere Gata 20 N
Delhi Gate 21 »
Hardinge Road 22 .
Mathura Road 23 -
Kitchner Road 31 >

- . Al ol
ORr1GIN & DEsTINATION STuDpY oF GrEatir Dermr Trarric 613

6. Mode of VYehicle

P - Private car 1
TR - Truck 2
MR - Motor cyelo rickshaw 3
T = Taxi 4
MC - Motor eyele 5
TO - Tonga 6
B - Bullock cart & rehra 7
CR - Cycle rickshaw 8
C - Cyclo 9
H = Thelas 0

7. Vehicle Groups

Irast moving vehicles 1

Slow moving vebicles 2

Cycles 3
8. Loading Factor

Vacant 1]

Half - {full

Full 4

9. Origin Zones
All the labellod forty eight origin zones have been accordingly coded
froin 1 4o 48. )

10, Origin Group Zones

Outer cordon zZones

Group Basie Zoning Code Group Zoning Code
North 47 01
East 40, 41, 48 2
South Kast 36, 37 03
South 38, 39 04
South West 24, 43 05
West 6, 23, 44, & 45 06
North West 46 1
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14, Occupation
Mid cordon zones Agr. — Agriculture, ete. 1
North N o M.Q. ~  Mining & quarrying 2
South Tast 20, 30,95 H Mfg. (a) - Manufacturing - foodstufls and textiles 3
South 4l 92, 48, 84 N Mtg. (b) - Other manufacturing 4
South W ost 2w u Con, - Construction 5
Wost 7,8, 0,22 14 Flo, —  Kleetrieity, gas, water and sanitary 6
North West 5 15 _— 3 Trade & commerco 7
Tr, — Transport, ete. 8
Inside inner cordon zones Ser. B Service Government 9
Connaught Circle 16 16
Goveornment Offices 20) 20 15. Income Groups
North East 11, 12,13 21 Rupoees per month .
South Last 17, 18, 28 22 A — Less than 75 ,
South 19, 26, 27 23 B - 7% - 99 X
West 15 24 C —_ 100 - 149 .
North West 10, 14 23 D — 150 - 249 ;
E - 250 - 499 .
11, Destination Zones and Group Zones r — 500 ~ 749
G - 750 - 999
Same procedure followed as i case of origin zone and group zones,
5 — 1000 ~ 1499
1 - 1500 & more Y
12, Purpose of Trip o
W - Work 1 )
SW - Shopping, wholesale 2
SP - Shopping, retail 3 -
T ~ Training 4
R - Recroation b
H - Heulth 6
O - Other 7
13, Frequency
D - Daily o4
W - Weekly 04 5
A = Monthly
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Zone No,

ro

ol

1 & O
&7

14.
15.
16.
17.
18.
19.
20.
21.

23.
24.

KaaNNA & SEHGAL ON ORIGIN & DESTINATION

STuDY OF GREATER DELHI TrA¥vIC

Name
Kingsway Camp
Timarpur
(‘ivil Line
Subzimandi
Bharatpur
Shakur Basti
Zakhera
Rajinder Nagar
Karol Bagh
Sadar Bazaar
Chandni Chowk
Daryaganj
Rouso Avenue &
Tagore Road, ete.
Pahar Ganj
Panchkuian Road
Connaught Cireus
Hardinge Avenuc
Baroda House
Queensway
Central Sect.
Dhola Kuian
Pusa Institue,
Inder Puri, ete.
Najafgarh Road.
Delhi Cantt.

Area

sy
s

I3

Zone No,
2.

26.

31.
32,
33.
REX
35,
36.
37.
38.
39.
40.
41.
42.
43.
44.
45,
46.
47.
48.

Appendix IV

Name
Moti Bagh
Teen Murti

South Avenue

Aurangzeb Road.

Shahjahan Road,
Pandara Road.
Nizamuddin,
Jangpura, ete.
Lodi Colony
Safder Jung
Vinay Nagar

Kotla, Sowa Nagar

Lajpat Nagar
Okhla

Kalka Ji
Chirag Delhi
Mehrauli
Shahadra
Shakarpur Khas
Khean Pur
Mehpal Pur
Dabni
Bahadurgarh
Narela

Azad Pur

Gadhri

Arvea
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Paper No. 222

“REGIONAL CONCEPT FOR HIGHWAY PLANNING—
THE WEB AND LATTICE PATTERN "

By

D. G. BUHAGAT®, B.E,, M.I.H.E., M.ASCE.
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[ ]

Tho Paper steessos tie need for adequato and halanced planning of the
road systom both for urban and rural aroas.

1t devolops the coneopt of regionul units for purposes of planning of the

highway notwork, It procooeds to describo the road fabric which would be
suitable for tho trond of dovelopment in tho country. Tho Web and Lattice

Pattern ig rocommended for agricaltural and developed areas.
Ancillusteative highway plan is alsu deseribod showing its applicability
for & partioulur disirict.

1. INTRODUCTION

L.1. Tho road devolopment of this country until recently
was scanty und had more or less local significance, and the roads

* Deputy Cousulting Engineer (Rouds), Ministry of Transport & Coma
munieutivns, Govormuoent of lndia, .
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mainly satisfied the requirements of slow bhullock-¢
pack animals moving in caravans. The distances in India arc
tremendous and have many obstacles along them.
built during the earlier periods were fow
with passage of time most of them got ing,
the last century, prior to the introduction
the old trunks were improved and maintai
tary administrators, hut with t!
tion was concontrated on the
Railways, allowing
repair.

art traftic and

Trunk ronds
and inadequate, and
o disrepair, During
f Railways, some of
ied through the Mili-
e coming in of Railwayy, atten-
construction of feodor roads to
the trunk roads to get into a state of dis-

1.2.  After the end of World War I, the motor transport
received a great impetus, necessitating a hold approach to the
question of road development, and tho fjret unified attempt to
give an all-India complex to the highway system in the country
was initiated with the Nagpur Plan in 1943, when with the
adoption of Grid and Star principle, roads were cnvi’sugml on a
broad pattern and traversed the length and breadth of tho
country. Since the formulation of tho Nagpur Plan the condi-
tions have further altered substanstially, There has been a
pronounced change in the char i l -

acter of highway tp rtati
involving long distance hauls apoody, ensportation

» increasing speedy re fiic
; - ! ater tratlic
volumes, heavier type of vehicles, etc, o

The T N 1o
cultural and social integration between uxlb"‘llllrérﬁ,(floilewln?».?:;l;;
has considerably inereased, and roads are now lopke iru U.n w
vital links for promotion ang st;rengthening of theqe( up t,'u-t(‘,q‘
Increasing dependence betwepn marketing centreg . ‘d }cm;' wobs,
industrial centres and t nd the farms,

he supply zones of 'ri
similar supply and demand requisite g orials, and

. 8 have made the role of
highways an indispensable factor in forging t} e
mental fabric of the country, #ing tho overall dovelop-

1.3. Amongst all the modes «
able, the road is the ouly one w no Speet " s
stations, efc., are needed, unlike other me?xxl:pg:lﬁ:?‘; places liko
water traffic and air transport where stations .
terminal buildings have necessarily to pe ‘
entrance and exit pointg Particularly specifiod
and vital role played by roads in the develo
of the country is thus fully ostablished,

of transport

at presont avail-
here

railways,
wharfs and
Provided and the
. The important
pment of the cconomy

1.4, Fully realising that the timo had ¢o
>0 v '
sbock of the country’s noeds, the Chicf Engincors pey pured lurins
1958, @ Report on Road Development Plan for Ingj, ft)r the 'u‘rgns
1981-81 for consideration of the Government, This R 10 i l!(l:
its predecessor, the Nagpur Pla - Lhis Report, like

6Ces n, follows t} y )
o R s e
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in relation to the anticipated traflic as well ag the ecconomic and
functional needs.

L5, With such a background, the future road system has
nhecessarily to ho planned in & manner as to provide m.n.xlmu)m
accessibility benefits without, as far ag possible, involving over-
lapping or unbalanced concentration of milages.

The relative requirements noccssim_ted by the vur.y}ng
population dispersions, travel habits, various types of vehic ets,
traffic modes and patterns, location of habitations, etc., have to

be correlated and an overall integrated system of road layout
developed,

?, THE PRESENT PATTERN

2.1. The Nagpur Plan envisaged the ¢ '(irid and Star ’;
battern and enunciated two formulae for working out the tota
milages under the two categories.

Category I, consisting of National Highyvays, State ngh-
ways an({;l\’T{»)}or District R%ads, was gon'ora,l.ly intended to provuée
¢ grids’ traversing tho country, with big cities and towns Sta}?’l.
ing out as *gtars’ attracting traffic to t!lesc? focal centres, va ile
category II roads comprising Other District Roads and V xlla}ge
Roads were, by and large, to provide agproach roads to outlying
places and connecting them with the main road system.

22. Following this idea, some States based‘thelr road
devglopment plans on the conception that villages with popula-
tion of 500 or more should have direct approach to the main
roads, This system had a very good advantage of provxd!ng
intimate links counnecting villages u._nd towns “{lth trading
centres, and thereby ostablishing a fecling of cohesion between
them. This approach was pa.rticu!arly nocessary at that stage
a8 the country had a poor and deficient road system.

2.3. The wide gap between the towns and villages was
substantially narrowed, and tho.Nugpur Plan mcrt_:ased the
overall milage intensity to 26 miles per 100 sq. miles. The
Plan envisaged the following targets :

(1) Villages in highly developed areas to be within 5 miles
of the main road (average distance being less tha..n
2 miles in most cases) and within 20 miles of a main
road in non-agricultural area (average distance
between ¢ to 10 miles in most areas), and
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(2) Villages in highly populated areas to be within 2 miles
of an all-weather District Road and for other arcas
within 5 miles of a District Road.

2.4 This conception was, however, affected +o some oxtont
due to the deduction of the railway milage from the overall road
milage. Even after ignoring this deduction factor, the (rid and
Star formulae give, on the basig of present arey figures and

assuming a uniform layout of the roag system, the following
broad picture :

(1) 53.8 miles per 100 $q. miles in case of fully developed
agricultural area involving an average maximum
distance of 1.86 miles from any rouq and 3.8 miles
from a metalled road; and

(ii) 10.80 miles
tural area
from any r

per 100 sq. miles in case of non-
with a maximum distance of
oad and 17 mileg from a metal]

agricul-
9.2 miles
ed road.
2.5, The milage targets set out in the Nagpur Plan were
actually achieved by the year 1958 and, at the conclusion of the
Second Five-Yeur Plan (1960-61), the road milage in the country
is expected to reach a total of 279,000, The Road Developmeflt
Plan (1961-81) doubles the road milage in relation g that pro-
posed in the Nagpur Report, thereby increasing the gross inten-
sity to 52 miles per 100 sq. miles. T¢ sets out total milages, on
the basis of formulae for each class of road, and bbroadly lays
down the following accessibility » milage targets :

Maximum distance
(miles) of any place '

Milage intensit
From a | 50 s oty

Description of area 4
I motallog | From any | per 10g s¢. miles

road ‘ road O.f aroa

- — ‘\.\__‘_____. N ‘\—_‘
Develuped and agriculiural

area 4 L3 70
Semi-developed area 8 30 30
Undovelopod and uucultivable

arew 12 5.0 19

Tho gross milage intonsity = 59 miles per 10 5. mileg
2.6. There

. port has thus specifically laig go
milage and accessibility targets ang it is obvioyg “'ov}?a.tboglit}?ilg

that framework, the most suitable road fabric woulq b i
would udequately meet not only the country’s pl‘cseilgnl?cgézi;celf
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ments and the anticipated future material and ,phys;:alafl?gs
ut also simultaneously fit in with the nation’s cu uzmlised
social heritage. The latter finds expression mv decen
community administration in the form of Panchayats.

2.7. Looking to the rapid and multi-directional de;fgtlg]%)rz
mental progress, it is not quite easy to assess tiio futur.eil(;n o
of the country’s development with a mathematical pre’cmre  u
a prudent and judicious appreciation of the country’s }q e
ment will have to be done if the future road StruCt%rg ll)a an
unction in its proper role. This can largely be, eﬁgc 010 n}:ent
analytical study of the manner of the_countl‘y s eved I\)relo -
Pattern in recent times and the tendef}c‘es for futurl?k Ie to lr))e
ment, and extending the curves to depict the shape likely
obtained in the future.

: it isualise the trends
2.8. Tt will, therefore, be interesting to visua e
of development in respect of the various elemo.nts} &Hecr-tl:fd?ll]lg
functioning of roads. This has been attempted in tho succee
chapters,

3. ACCESSIBILITY DISTANCE

3.1. With the total milage for an area dﬁtermm?g_l_é“
accordance with specific formulae, th.e term gosese 1113217
distance ”” assumes a rather difficult bearing when it is 8JSSO(ngtsel‘
simultaneously with rural and urban roads. . In t}}? P ?‘ll
and Grid pattern, too many rays from a “star -(t%;::)r;:;l
seriously affect the spread-out of the .road system 1;1 onverai
area. Conversely, providing insufficient number 0.2 hi hg g
roads to a town will also unbalance 'Fhe composite h!g v:;{l,‘ly
strudture. A practical and rational integration within e

urban and rural milage pattern is, therefore, an essential
element,

3.9 Normally, assuming a uniform spread out of .a;in overa.{.l'
road milage, as calculated from a formula for a speci }(; ail‘é%:,of
8quare grid would provide the most efficient lay?‘{t.’ e,?cdi:tance
the square being equal to twice the ¢ accessibility tance.

e centre of such g square will have the regmred accessit y
distance from a road and, at the same time, the me;,lxm}gm
distance between any two places lying anywhere _a.long tbe sides
Of the square, when ‘measured along the roads, will not ‘?E:ﬁe
than 4 timeg the accessibility distance. For mstancex, Wllt 3
accessibility distance of 1.5 miles, if the roa’d system 18 planne
With & grid of 3 miles square, any place ‘A’ within the tor.
will not be more than 1.5 miles from a road and, for'tln ter(i
communications, any two places ‘B’ and ‘' C’, extremely situate



634 DHAGAT ON

within the area or along the road system, will not be more than
¢ miles apart as shown in the sketch below :

rA—-——3 MILES

!

1, MILES
- | _LA c_

L — —— — 5 MILES — — _...J

Excepting a circle, any other mathematical pattorn either
rectangular or oblong will exceed the proportioning between the
minimum accessibility distance and the maximum measured
distance along a road proper of 1: 4 given above. '

3.3. It is true that the minimum accessibility distance in
any road layout will be affected by the radial roads of towns;
but, for all practical purposes, it would not be impracticable to
work out this distance for any area by dividing the area in
square miles by the road milage. In actual practice, in any
rational composite road system, the variation from the target
calculated as above will not affect more than 10 per cent of the
area oven in extreme cases. On this basis, for accessibility

distance of 1.5 miles, adopted in the 1961-81 Report 4 t
66.6 will be needed for an area of 100 sq. miles. port, a milage o

3.4. The ¢t accessibility” distance in case of arterial roads
having higher grade specifications has, however, relatively deeper
significance as high financial cost is involved, and a more detailed
approach is necessary for determining these distances. For this
purpose, it will be necessary to correlate the optimum .spacin of
these arterial roads with their functionary and econognic
cha.r_a.cteristics as related to the twin objective of demand for
gervices and supply of capacities for efficient trans-
port. A balancing equilibrium between the two requisites is
likely to give a workable solution and the following criteria ma
be applied with advantage in that respect: Y

(1) Trayel costs _in -relation to saving in time, driving
accidents, operations and other transport ch’argcs; ’
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(2) Construction and maintenance costs including costs
of land acquisition;

(3) Equilibrium between capacity to carry vehicles and
the demand for travel;

(4) Innate design requirements of the roads and their
functional values;

(5) Land planning requirements.

.1t may, however, be stated that with the country’s present
inadequate road structure and the under-developed transport
system, such a detailed study is not called for. This might
become necessary later after a reasonable sufficiency has been
attained in the developmental stages of both roads and transport.

4. CONCEPTS FOR HIGHWAY PLANNING

4.1. The Present Concept

) Planning has two aspects, the spatial or geographic and
biological or demographic. The road development pattern, since
we know it, has generally revolved round villages, towns and
cities as individual nuclear centres. The modern urbanised
society is based on the fact of mobility and the highest grade of
c1t_;y gerves as an outstanding centre of human affairs, an econo-
mic metropolis, an independent centre of trade and finance
and a cultural and administrative unit.

. 4.2. The rural culture has been profoundly affected by
impact of urban life. The centralised amenities in respect of
services and social activities and greater opportunities for
fruitful occupations available in towns and cities become magnets
of attraction. Assuch, therehas, of late, been an active tendency
on the part of people to gravitate towards bigger towns, with

the result that the rural sector of the country is getting listless
and stunted,

4.3. India’s population was estimated at 36.24 crores in
1950. Residents of cities with population of over 1,00,000
totg.lled 2.36 crores (roughly 6.5 per cent), while cities with popu-
lation of 20,000 and over contained a total population of 4.3
crores (roughly 12 per cent), Table 1 showing the com-
parative figures of percentage of population in towns and villages

:}fl at}'iﬂerent categories during the last four Census Reports reveals

6

:
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TasLe 1

Percentage of population living in towns
and villages of different sizes

1921 1931 } 1941 1951
Village or town e - e
with population Actual figures
(from consus reports)

Under 500 30.3 27.8 24.4 219
500 to 1,000 23.0 22.6 22,5 20,4
1,000 to 2,000 20,1 21.1 20.5 19.5
2,000 to 5,000 14.2 15.4 16.4 16.6
5,000 to 10,000 3.9 4.4 5.4 5.8
10,000 to 20,000 2. 2.4 2.6 3.8
20,000 to 50,000 1.9 2.3 2.5 3.8
§0,000 to 1,00,000 1.2 L3 Lo 2.1
1,00,000 and over 2.7 2.7 4.1 6.6 .

(1) The percentage of population living in villages of less
than 2,000 people has been Progressively getting
reduced, the rate being ver

> : Y much marked in case of
villages with population of under 500;

4.4, It would not,
out of the villages to th
and deficiency and ina
one of the mai

therefore, he wrong to attribute thinning
e lack of normal amenities in the villages,

dequacy of road communications could be
maln causes responsible for this.

4.5. The Proposed “Regional” concept

A ““region »’ would be an ares homo
Some asgsociate characteristics whether of land or people. The
criteria for recognition of such unitg would depend upon the
structure of the society in association with geography of the area
and would cover :

gOneous in respect of
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i atural
(i1} Defined boundaries to take account of n ,
! geographic and historic features;

111 3 tlb econoniic a d ﬁnao
( ) [ ufﬁClenC 1n res er Of 1 con 11C an
SllstenaHCG > and

1 con-

i i its, not too large to destroy personal ¢

v f;g;:l &11111(11165:1,0t too small to fail to provide variety
and diversity.

ional. It will be
ics is fundamentally regional. T o
iispossibl o make wvery vilago by Hoelf & torations For stabt
bdtph from economic and administrative considerations. 1 areas, it
lising and preserving the economiisett(l)lpporfozlgt;“;a‘ system’ of
essa .
yf'ould -the,r,efore“lﬁiclfcmﬁ?ngr’lfcof vi{lages and link the1 v;llagzi
t gr(zl}llgll'n% gr roper communication system. ]éia(}h g‘::)x‘:nl;nu-
v(?lgle es shgult(i frc))rm a workable and fa_lrly self-su CIen'ded with
n;t;gunit on a cooperative basis, and it ?lhou]t(.l be P;:I;r supply
ion
- ilities like roads, health, educa )
and other sooiat smonstios. & sml fown n such Tor varions
serve as a nucleus with nearby villages dmwmg- onltlura.l produce
forvices and sending their Oygglf;lurl[gu;e (;)foglgi;ll;;guto develop the
r di l. By this way, i R denc
frci)fla(é;s}c)gzigws Ogmgion_wise group basis, avoiding the tendency
towards migration to bigger towns.

: tres, the main functions

d to the urban centres, t | ns
devo%\.;iﬁg I(r)ln rzg:iléy comprising a geogr_aph};c, economic socia
and political unit involve a two fold approac

{ he
ts and the character of t
i gssment of the effor ) er of
) ?EZ?Zimits resources and economic production ;
o ;

i by its
ii inati f the impact produced
i Zfaatlrlllirz]::;grr:al Oand social activities on the charac-
texg of its tributary areas.

i i t the
iti Its in rural depopulation bu ]
oo romth of cities ibili introduce a close tie-up
i bility would introdu >
%ce?:l;(;?ric tlflaéc’ﬁ;rr:a%f ?&?s:ith its environs and the tributary
areas,

A tributary ¢ region]l >’ of an urban centre would normally
ri . s -
be an integrated pattern consisting of

i ith less
i tinuous urban core area with ]
® Compa.ctt :ﬁ'gci(;&ll ¢ gatellite’ settlgments, qh}ia_ﬂy
gc))lvlrleg'?l%d by considerations of rapld accessibi ity
and amenities.



638 BrAGAT OX

(ii) “Suburban’ area with rural-urban complex sup-
plying the normal daily necessities and be reachable
within about an hour. This would generally mean
an area of about 20,0 miles radius.

(iii) ** Circulation” or influence area as determined by the
accessibility range and its comparative significance
in relation to the similar areas of the adjoining
cities of equivalent status.

In India, where distances are great, the trade areas are
extensive and fairly well defined and the population concentrates
in the pivotal centres having generally historical and cultural
background. Some areas grow to modern greatness with
industry and commerce as the chief gravitation magnets. The
overall effect obtained is a broad regional arrangement focussed
on the hub, the city proper with its life and organisation.

The circulation features of a city usually follow either

(1) a grid plan with a diagonal arrangement of roads converging

" to a centre, or (ii) a radial-coneentric pattern with radiating
roads from the centre to outskirts in a star like formation along
main roads and one or more peripheral roads forming wide
thoroughfares. The development pattern in the U.S.A. broadly

follows the former, while the general trend on the Continent and
elsewhere is in accordance with the latter. '

4.8. Regional Units for Planning
4.8.1. Spheres of influence: tributary areas

Appendix I shows the usage of land and the dispersion of
population of India. The agricultural and developed land
accounts for 60 per cent of the total area while the semi-deve-
loped and undeveloped areas are practically equal in extent, each
being about 20 per cent of the total area. In regard to the
spread out of the towns and villages, the following agsumpbions
have been made :

‘Developed$ Semi-deve-

Undeveloped;
area loped area aros
‘\(Per cont) | (Por cent) (Per cont)
Distribution of towns and villages
with population of 2,000 and
above 40 7 3
Distribution of towns and villages
with popuiation of less than
2,000 85 10 5
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. eloped area
On this basis, taking only the a_,gnculturc@% m[;d i?riaa.dp out of
into consideration, and assuming a umf)gings‘ the spacings
various towna and villages of different gra g3,

oS 1. . T
between them broadly work out as unde

Population Distance ny)aft -

Over 1,00,000 100 miles
Betwecn 100,600 and 20,600 50

.- 20,000 and 10,000 38 .

. 10,000 and 6,000 62(7) |

' 5,000 and 2,000 4:0 :’

» 2,000 and 1,000 o

” 1,000 and 510 L
Below 3500

, 4.8.2. Urban and suburban regions

. . i .1 above
In broad reckoning, the spacings given in pafr a‘thtsiiﬁuence
generally conform in practice to the dlmensloﬂ%g opulation of
areas of the various groups. Thus, placesf ‘i”- 1%40 sq. miles
more than 20 000 would occur at the rate o 1mce ’ comes under
or, say, 40 miles apart ; of these, overy ith % a:;ion of more than
th; cat;gorv of metropolitan city having popula f the towns and
100,000, From the hypothetical dispersions o
villages, given in Plate I, it is seen that:

i i ds to
i of a metropolitan city exten .
) Z}éemtirlta‘;u::(;?usazz:ering about 6,500 sq. miles of area;

i 20,000 to

i ith population range from 20, A

® i)t(il(;3 lg)()to0 Wv?fllv;ilava I:murx)'ying influence areas, the maxi-

mum going to a 20 miles radius zone covering 1,250 sq.
miles of area.

4.8.3. From the considerations of urban pla.nn}ng,asliﬁ: (i;;lirn
able that for a big centre, having a t{ardcor?e?lgf “ gatellite
nerve centre, and self-sufficient neighbourhoo nected to the
towns skirtin’g round it, the latter should be co;x m, and these
city proper by suitable wide and radial road sys eor,e Toundary
again should be linked with each other by onehor n:»nd economic
or ring roads, deperllding n]:lpzﬁe?:tugrzog:&i Z.nd spread out of
3 a ’ .
;prf:itgﬁf:uﬁggf P ';(13:; road pattern will resemble more like 3
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¢ gpider’s web ”’. The number of satellite towns for a big town
or city will be dictated by the importance of the place and the

rate of its development, but it may be assumed that a town or
city with a population of:

(a) higher range of 1,00,000 will have a suburban area of
15 to 20 miles radius;

(b) lower range of 20,000 population, 8 miles radius.

4.8.4. 1In regard to the road pattern, apart from {he radial
roads emanating from the urban centre, a circular road with
6 miles diameter bonding an arca of about 25 sq. miles might be
taken to enclose “core” area for each such place. All local roads
and streets coming within the heart core or within the satellite
towns proper for local circulation are, however, left out from

consideration as these would primarily be the direct responsibi-
lity of the municipality concerncd. '

4.9. Rural Regions

4.9.1. It israther difficult to correctly assess the exact
dimensions of a sclf-contained “ regional ” unit in rural areas as
this will largely be governed by the type of land and its use,
nature, quantity and quality of production materials, profes-
sional habits, etc. Broadly speaking, the ‘regional® community
unit within its geographical area should have a considerable
measure of unity in its economic set up, service, organisation
and surroundings and include settlements in which the services
can, as far as possible, be integrated. The means of transport
should be quick and well established so that any two places
should be accessible to each other within about an hour,

4.9.2. As seen from para 4.8.1, villages (with po i

less than 500) are situated, on an avera.ge,g 1.5 milels)s 1;1;)123025)5
from sufficiency requirements enough number of these should be
¢ grouped *’ together to form a composite and co-operative unit
and should be linked by means of *“ bonding™ road, taking into
consideration that no place within the ““ bonded ’ area should be
more than 1.5 miles from a road. Judging from the fact
that there will be other higher categories of roads also traversiﬁg
the rural arcas, it would seem practical to have a primary
“bonding”’ road with a radius of about 2 miles,

. Such a road
will enclose an area of about 12.5 sq. miles and, on the assump-

tion of a uniform spread out of the population, would serve a
population of about 5,000. The area: population ratio has
actually a very wide range from considerations of economic
sufficiency depending upon the development pattern of an area,
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but the proposed ¢ primary unit” would seem to be of rational
dimensions.

4.9.3. Next may come the * rural C'entrcf”bhm;l;(% (,80317:]?}]?:
about 50 8q. miles and serving o p()p\u!:l.h()n ofa ?111 _,b };&ving
would scem to be o small sclf-suthglgnt I'Cgl:)nd:f umhmonS g
fairly balanced socio-economic requisit o8 fO}‘ J‘he ‘ ounq(l.i ons o
its community life. The road system for this a‘rea,d 12;13 o
of a circular bonding road mentioned abov}f, a;l | on 0 skbetch
road system of, say, 7 miles sguare, as Show
below ¢

4.9.4. By enlarging the concept of a reglroar;alur?;atts ulgavyvltlé
the basic structure as indicated above, k4 rumbined to make a
combined to make a ¢ block ”’ anq 4 blocks ('31(-,) the focal service
“zoge’’. For attainment of cohesion and ur}; yghould be located-
and marketing institutions in the larger units O o effotontly.
centrally and the main highways should Se}ﬁve dly consist of the
The overall rural set-up would, therefore, broa y

following constituents:

e

“Nodal” Total
. . Area centres with POP“mt‘gn
Regional unit (sq. miles) population of COVere
S 5,000
(i) Primary unit 12.6 2-(’)%% ;’%‘;‘(’) 20,000
(i) Rural centre 50 5000 80,000
(iii) Block aroa 200 10’000 3,256,000
(iv) Zone 800 ;

i i 1 road system
othetical pattern of an interna ( _
for 841;3355 rf}ra}.llyslzat-up may pbe envisaged on the following ;clgiens,
The primary unit to have & road circula,'corydls,y’sr;)i‘;e;x:1 :hoen?orm ogf
various villages of the unit and it may broa yh the Lo o
a circle with a radius of 2 miles. This may have
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road system of, say, 7.0 miles square, for the ‘“rural centres .
Roads for these two regions may be of classified Village Road
standard as they will have an exclusively local utility of provid-
ing inter-village communications. The rural centres forming a
¢ block ” should be interlinked by 0.D. Rs., the next higher cate-
gory of roads. Iach block should also have a circulatory system
consisting of all-wcather and upgraded type of roads and these
should integrate with the main highway system of the country.

A symbolic representation of a road system for a block is shown
below :

5. OTHER TRENDS IN PLANNIN
5.1. Traffic Aspect ‘

5.1.1. In the old set-up,
were the chief forms of tra

running roads did not have
leading to any important

the bullock-cart and pack animals
nsport and long distance through
a prominent significance. All roads
marketing centre had necessarily to

' INDIA 643
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i of
enter the interior of the place. Kven where ﬁhrouglntiigrlﬁfg to
goods was intended by means of ca‘mwz»ms’ft esecentred towards
serve as halting places. All the traffic, there :re, was intended to
the < heart’’ of the place and us the road sys le.nkl,'ted aren did not
cater for this type of traffic, the roads in thte " flthe alignments.
have adequate attention paid to the geometry o

. M n
5.1.2. The ora of the bullock-cart which léafbs tﬁt}f}?ﬁgtr‘;’e;,
a predominant feature of the rural economydl’n articularly in
with the advent of motor vehicles, fast dwin ldg Pncrease in the
towns and urban areas. There hgx,s been a Ste{?r y ;nd with the
number of motor vehicles plying in the cour; iicreasé is bound
manufacture of vehicles in India, the rate Ott rn will, as such,
to accelerate rapidly. The future traffic pat ° vehicl’es. Even
show a steep rise in the use of road by mofgr T e in tho
today, it is not uncommon to find that tr% : ital towns has
neighbourhood of important industrial ?n dca'Il)naJde the traffic
increased very significantly and this has a ri?l yrural areas, the
control measiures more complicated. In forea long time as a
bullock-cart is, however, likely to remaln At present, there are
predominant f’a,rm-—to——m9'1'1‘“3t V?hlcl?' the fgﬁntry, Besides,
about 102 lakh bullock carts plying in the OOurwy. ik P
with the increasing use of cycles and a,uti)o-rlc&de o ’planning of
come when adequate provision has to be ncll ly varying mixed
highways to meet the requirements of Widely
traffic.

ively been going on in &
h of towns has relative
very5l;;€i1az§11‘lg ga.or‘;vrfer. The Estree,t‘S are na‘g%v{)ozngevce(ig}g)‘::?l%
and thoir alignments are u:ua.lg Zlélo%rrlngi.;hrivles vigorously and
in routes . i

2‘1;2?0:Lclltl)zlgenz};earﬁlalinauthorised occupa't’ilOn Oflfoggvlv&ngf p;‘l?:i}ﬁ?
serious bottlenecks to the free and throu gh bited areas and
Experience has shown that in most of the 1tn a"]ot;a,in a through
marketing centres, it is almost impossible to l(:a.ve %o be provi-
link with satisfactory geometrics and bypa',sses for the conveni-
ded in most of the towns and even large villages for

ence of through traffic.

6.2. Economic Aspect

The study of the present economic set up, particularly in the
rura) areas, indicates that—

i i long
tration of villages occurs a
) mofit Orfa,‘i;{l:'a.;osnc:;nals and such distinctive features
a5 s’vide fa.ciiities for communications fmd gra.ns.
g?)r%mthe puces roads particularly attracting denser
! 3
concentrations.
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(b) Villages mostly lie ina strip of 2170 3 miles on either
side ‘of a pucca road. This characteristic is
ovidently linked with the haulage capacity of the
bullocks as bullocks can conveniently pull the
maximum load for about 2 to 3 miles before coming

on a pucca road and a greater haulage on a kutcha
road would tire them out.

{¢) Marketing and commercial centres wit
of, say, up to about 10,000, are genera,
about 20 to 25 miles distances. This is obviously
related to the bullock-cart performance, as usually

about 20-25 miles is the normal workable journey
per day for a bullock-cart.

(d) The distribution of population amongst towns and
villages does not follow a set pattern. For instance,
in U.P., 51.69 per cent of the population lives in
villages with population of less than 1,000, while in

Madras, only 15 per cent of the Population lives in
villages of this category.

(e) Yor economic returns through 8avings in time an-l
vehicle life, efficient transport will involve long

distance running, high speeds and avoidance of
congested areas through towns and villages,

h population
lly spaced at

5.3.  Geographical Aspect

5.3.1. Semi-developed or undevelo
received inadeqate attention in res
quick means of access and they mus
and sufficient weightage allowed in

ped areas have till now
pect of providing easy and
t be given due considerat;on
working out milage targets.

5.3.2. Topographical features 'of areas will also affect
lengths of roads. In highlands,

: comprising mountainous and
hilly regions, the actual lengths will roughly be doubled, thereby
necessitating a 100 per cent incr

ease in the direct milage worked
out by any empirical formula for such areas.

5.4.  Developmental Aspect

According to the concept of general
tantly accelerated rate in early

rapid and steady growth, then b

growth, a slow but cons-
years is followed by a period of
Y a decelerating rate until the
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he
The length of time requirod to pass 'thml'lghfai:c?t :r)i :ies
eriods varies considerably for different regions, in deriv,ed rios
gven in the components from which the.tre;lctt(l)sr 3 .
chief component would be the population fa .

The other components v(vio.ul(tl %epg:&rgﬁggdth;o :23{?& pfl(::
i tal trend is to be .
Xll'l‘c‘htfgse(%etzzlr?g:? ?nthe other components would relate to traffio

. . . obo.
capacity, number of vehicles, vehicle miles run, ete
6. CATEGORISATION OF THE ROAD SYSTEM

1961-81 Report have

6.1. Both the Nagpur Plan and the ional Highways

: 2 ; oads, viz., National Highways,

g?ﬁ&ti}litlﬂ?feﬁlgﬁ? g.o]g.(g; and V.Rs. f‘or the roadasyf;ttfa;!;

in the cguntr}y’.’ An additional category of I?lxrf);::s?ras;ﬁc on

ensuring an uninterrupted flow of heavy atn has also been

certain important and heavily tfa'fﬁc.ke.d routos not expected

introduced in the 1961-81 Report. This is, however, ted with the

to be a separate entity as it is P“ma’”}}y 1astig§lawhere neces=
functional characteristics of & r'oa.d and ¢ ginal ,

sary, would only need to be designed accordingly.

6.2. The roads have also been grouped under twgtcaétéegﬁliiezi
'*catég'ory 1 roads comprising National Highways, Sta g
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ways and M.D.Rs. will generally be metalled and surfaced, while
category II, consisting of 0.1).Rs. and Village Roads, will mostly
be un-metalled. The categorisation is thus chiefly related to the
type of construction of a road.

6.3. So far as the ¢ classification ** is concerned, the system
so far adopted scems to be quite appropriate for the conditions
obtaining in this country but it is suggested that the ¢ catogori~
sation’ should depend upon the functional characteristics
rather than on crust capacities. It is seen that—

(1) National Highways and State Highways have almost
similar performance characteristics and have common
specifications. They chiefly form the main arterial
system of the country without any narrow considera-
tions of boundaries of States or other local aspects,
and the chief distinction between the two is mainly
in respect of the manner of financing. Tt may, there-
fore, be suggested that the classification of the two
may remain, in relation to each other, as it is at
present, but from overall considerations the two
classes may be grouped together under *Inter-State
Highway System . As per 1961-8] Report, the two
together would, in case of agricultural and developed
areas, give a milage of 9.22 per 100 8q. miles or
roughly 13 per cent of the total road milage. It would
probably be possible to bring most of the places with
population of over 20,000 on this system.,

(2) The M.D.Rs. and O.D.Rs. have again similar charac-
teristics of satisfying the regional requirements and
will form the internal circulation system serving the
interior of each district or similar unis or areas,
linking centres of importance and functioning as main
branches of the Inter-State Highway System. The
difference between the two classes will, however,
mainly relate to their functional ability to withstand
the local needs of traffic, climatic severities and their
relative importance. The more important roads
carrying heavier densities of traffic will have higher
grade of specifications in respect of crusts, drainage
crossings, geometric sufficiencies in alignment and
grades, etc., and will come under the classification of
major roads. The O.D.Rs., on the other hand, will
have comparatively low cost specifications but their

basic engineering features would be such that they
could easily be upgraded to higher category without
involving any infructuous expenditure, These two
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classes of roads may, therefore, be gr,o’uped under the
category of * Regional Road System .

The above two categories will form the main
fabric of the country’s road pattern.

(3) The Village Roads have a distinct rural bias and they
would essentially provide:

i i links connecting
¢« poundary >’ roads and interl

X varci)ous Vil)iages to form self-contained rural centres,
and

R . ity
ii ch roads ‘bonding” the village communi
o ilr))?z:{zvith the inter-State or regional system.

i er urge and stimulus d.isplayed. b_y.rura,l areas
to b%%l.ssxlig]:e%e::ith t%le nation building a.ctlwtlesf of 2%:
country, in which road construction and mamten-a.ilce gr}ﬁl;ma,n
most appropriate means of mobilising local materials 2:,11: 1man
resources on the basis of self-help and self—_reha,nctla. : et villag
roads can easily be associated intimately with local effort.

ised illage roads should be
be emphasgised that these villag '
bliiltlgonz?lse’ a;p(;ov%d traffic-worthy stan&lardsdand:oillpii:;ﬁgg
i d irregular paths. In order to dis
:‘;:It;cfardc‘xtmtﬁ%k]sat?:r, the \Tgillage road a.s”envma,ged in the system
may be called * classified village roads.

6.5. The road fabric may, therefore, contain —

(1) ¢ Inter-State * system consisting of National High-
ways, State Highways and Expressways;

(2) * Regional >’ system consisting of M.D.Rs. and 0.D.
Rs.; and

(3) ¢ Village” road system consisting of classified village
roads.

7. ROAD FABRIC

7.1. Agricultural and Developed Areas

ing the Grid and Star formulae adopted in
the ;Ia.lg}l)ur %lr:a.aﬁl,y x ig seen that after excluding the fa.llowan{:e fo(xl'
further development, the nett milage in the agrlcultur?ooan
developed areas works out to a length of. 46 miles pfla)rl sélé
miles allowing nearly 17 miles on area basis and the balance ;
miles for towns and villages, roughly giving a proportion o
approximately 1:1.7 or 4:7. The deduction dpye fo rajl-
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ways has bheen considered under the arca
a hea,Yier weightage for towns and vill
planning greater attention has been gi

roads to villages without a planned co
continuous links with

milage. This gives rather
ages and during actual
ven In providing access

: -ordination to establish
a view to cnsure inter-village contacts

7.1.2. The 1961-81 Report envisages an a
70 miles per 100 sq. miles of aggricultuﬁ*al and gg:ri}o ed areas
thereby glving a maximum accessibility distance ofpl 43 m'll,
or, say, In practice, a maximum lead of 1.5 miles for an lrl o
Of these, 42 miles are worked out on area PreR o

basis and 28 mj
: 5 are 3 1 miles for
towns and villages giving a proportion of 8:92,

a more balanced arrangement.

gate total of

This seems to he

The Plan eontains the following milage targets -

Main roads

National Highways 32,000 mij
92,000 mileg
Stato Highways

70,000
Major District Roads
b 1,30 000 9 o 4
(LN » 2.52.000 miles
Other roads .
Other I)isn',riet~ Roads 1,80,000

Village Roads 29
~‘-5,000 4 0.-'
1y Xy 0,000 9

6,537,000 miles

7.1.3. Planning of the future

. 3 K R ! Sh i i
and a'ccesmbxll.ty targets set out in theoilé((li’l—gllt}ﬁn bhe wilages
?educmg the size of the great urban conglomeratj e Jm &t

The road system has therefore
conceived 50 as to satisfy industria,’lt(zl:)oet}l:ailanced and properly

industries), commercial, agricultural, minera] - g 274, mediun

and cultural development of the country andazl,,’d €tonomije, gocjal

has to be made for future ex ion i ®quate isi

: futu Pansion in the vay: provision
glencg. (;f communications in rural areag an?i“a?(;w ators. Suffi-
o satisfy the growing urban requirements woy| havey features
fundamental bases for a ould have ‘to be the

! : ny future planni
milage will have to be COnstructedp:;lélli];gis A substantia]l new

more desirable to evolve 5 : therefore, all the
pattorn for the road system'PFOPer basis for the formulation of a
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7.1.4. Asdiscussed earlier, a ¢ spider-web ”’ pattern consist-
ing of a radial and concentric road system has been found
appropriate for urban centres. In regard to the rural areas, a
““lattice” pattern comprising bonding and inter-circulatory
roads on ‘ regional ”’ basis would seem to be the most feasible.
A balanced and composite urban-rural association must be
achieved and this can be brought about effectively by a rational
and properly planned system. The composite fabric for the road
system may, therefore, consist of—

(a) Diagonals representing the inter-State highway
system, i.e., National Highways, State Highways
and Expressways, forming the main arterial highway
framework and having the characteristics of through
highways.

(b) Grids in different directions in alternate layouts of
major and minor roads providing the internal regional
system and feeding the inter-State system,

(¢) ‘“Boundary” roads providing for—

' (i) grouping of villages and providing inter-village
links in rural areas, or

(ii) bypasses or circular roads in urban areas
avoiding the congested centres and linking
various satellite towns along the periphery of a
major centre.

7.1.56.  An attempt has been made to prepare a symbolic
representation of the proposed composite highway system within
the milage and accessibility targets set out in the 1961-81 Report
and to suit the proposed ‘‘regional’ concepts for urban and
rural areas. Such a pattern has been given in Plate I A. Broadly
speaking, it comprises the * Web *’ pattern for the urban centres
and ¢ Lattice *’ pattern consisting of diagonals, grids and inter-
village links for the rural areas. The *“ Web and Lattice”
pattern generally satisfies the necessary concepts of planning on
‘““regional bagis’ and it also offers grids in square dimensions
which has been considered to be efficient from the considerations
of easy accessibility.

7.1.6. The milage, as per suggested pattern, would on meas-
ment be on the direct and shortest line, but in actual practice,
the lengths of roads are likely to increase due to various local
condmons. owing to diversions, crossings, etc., apart from the
topographical features, and an additional allowance of 10 per cent
would not be unjustified. The milage on this pattern works out
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quite consistently with that set out in the 1961

-81 Report asa
shown below :

As por formulg (oxcluding [ Ag por pattern
Category 5 per cent) allowed for | (actual plus 10
futuro developmont

| ber cent)
\\

—_
N.H. &8, H, 8.78 793+ 0.8 = g3
M. D, Rsy 33.00 5.5+ 16 = 17.10
0. D. Ik ! 7. 04+17= 18.70
Village Roads 23.70

20. 34 2,0 = 22.30
Total 67.48 60. 7 4+ 6.1 = }3685

The millage is thyg comparable,

7.1.7. . The milage of ¢g.7 should mathematica,lly give

R 100
accessibility target of 607 = 1.64.

rades, gives g Pattern ag

fa,ctorily ;

(ii) bonding of villages

| and formation of
In rural areas are w

regional unitg
ell achieved ;

(iv) other towns with
1,00,000 will hav

|
JL N =) nNSY @['I Lf
Ddytree b

AN LD 6 1
}i GIHWAY l L NNIN IN _IND[A “

,  cities up to
/) the urban and suburban a‘r(l};h f(:)ln ;;xtlaverage as
(v) llUU 000 population ma%é)zqmmeill;g The influence
) H ) . or :_, 8(. ': .
o n;:]:\:fse li(c;l::ri(;ldicated hypothetically in the map
arcas hi

in Plate 11.

] o * various
7149 The above extents of m”UCH-C({;“t;(;:-lx?abefg;ned from
" t,‘ .("l'()qel conform to the standard pa.‘ ssumed on uniform
cpres clos ot opulation centres when a ested web and
the 'dlé!P“”‘L o 1pyu‘“ 4.8.1. above, and th_e Tfiggsat‘,isf}’ing the
basis as Shg“’“ l:n,E}(, be said to be practica dyn" pages.
ilt?é?gpig](?nz:} co;lcepts discussed in the preceding

7.1.10. A road normally ServﬁitSt:;}I;?IeOf
situated along its both 'Sl(llei,a.s ot been
influence areas this princip en taken as
the roads have been genera gone main
intluence areas. This has been
approach,

- g
7.1.11. It may be emp_hasiseg ﬂmti}l}ll&
Plite 11 'is purely symbolic actice only. if &
capable of adoption in actual Pm(b1 all towns and
foads were to be formulated Ziﬁarn But this fmn®
dispersed in strictly uniform pa ‘xisting System P
i ti In any planning, the e ith the exception of
cannt ll?e.’ snored and, by and large, Wlt m will have to be
52211;0250121;;%1 roads, the exmtmgt;oaiuil};:ee planning system.
i incorporated in o be governed
Tetained tﬁndli::rlx(;ggzs of roads will verynla!‘e%ely topogra.phical
Eeslqoi, al Odaiﬂsersmn of towns an? 'w'gagliio,n channels and
y actual : layouts of irri drainage
feq,ltures, rlzeélscr:::;;lgis(;n of the existing t?(%::;l:ls ;ES proposegd
::;u‘ggti’r:g :,xfd similar obligilutorgr fzglgzlriiramll a4 (;bjec tives whicl;
S he salient fea . m, and a

lsystem i))[}lg’ lf{(;;ussiiet of in planning of a ll;O&ziln syrslt;ga.x;s inten-
l;avte 'féo 'm; Oan] S0TVe 83 4 guide. It is n({)tb yscrgpped. It will,
od l'c‘ 1 i ‘tin road system should be f the Nagpur road
o th{u} e OXIT” g that with the doubling ; ubstantial road
hO_‘iVe:fel,' Ve r\(:?s;b(;d in the 196181 I'v_epo.rt:v:rs necessary that
zil:%e’wdi?loc%nsis% of new roads, and it lSi;'cal )l')asis the miss-
or planning to be done on sound and practi sarily be supplied
in Il;'alr{mn.lg, tho existing system must ngces;g rational lines.
jucgliel;:)us;l;’n and o GXtenSilfn :ﬁ::eciz% tg be brought inte
tlook has, ing t ted system

Iﬁ&lglizgihztg:ggd 0Il)lrinciples underlying the suggested sy

adopted as far as possible.
8
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7.2. Semi and Undeveloped Areas

7.2.1. There are vast undeveloped and semi-developed areas
in the country aggregating to nearly'oue-thu‘d of the total ared
where the suggested web and latbice pattern will be nelt_her
satisfying nor economical. ',l_‘hls'pzmttern primarily cmphafsufcs
development on sclf-sustained regional basis and these statistics
can be obtained only in developed arcas.

7.2.2, The main problem in undeveloped
loped areas, on the other hand, is to
of transport to bring the agriculture and farm produce or any
other locally manufactured goods to the nearby markets as
expeditiously as possible. Any approach towards creating sclf-
supporting regional units in these areas will be unworkable as
such units, even if capable of formation, will be both economi-
ccally and administratively unwieldy and inefficient. The
inter-village links will be disproportionate in length and will be
éven unnecessary as the marketing centres will invariably form
the central hubs to which the various villages will individually
be drawn for their social, cultural, economic and trade attri-
butes,

and semi-deve-
provide very quick means

7.2.3. The highway fabric for these areas will, thercfore,
chiefly consist of :

(i) inter-State routes
their intrinsic chara
irrespective of localj

(ii) regional routes on a
to the region ; and

(iii) feeder roads Yinkin

raversing the areas becausc of
cteristics of through movement
ty consideration;

broad grid for providing access

g the various places of habi-
tation either individually or collectively, wherc
feasible, in suitable clusters to the framework of
roads under (i) and (ii).

The highway arrangement for these areas woul
generally follow the grid and star con
to be provided with a layout of the road system to suit its
geographical, historical and habitation pattern. Each case will,

therefore, have to be considered op its merits depending upon the
conditions actually obtained.

d, therefore,
cept and each area will have

8, ILLUSTRATIVE HIGHWAY PLAN

8.1. For preparation of development plans, a district would
be the basic unit for obvious reasons. Though the inter-State
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i in relation
1y mould havo o b dfined on o pancramic sl 1St Lon
to ¢ ntry as a whole in an g . " An attempt
SYStelalter)l cv(;ﬁl hayve to suit the regional requlr.err‘lents-deéelopmental
has been made to work out on a broad basis a the web and
framework of a road system fqr a district l:;nll{t gnfor that pu-
lattice pattern and Agra District has been ta fer roportioning

e It gencrally represents overall averages fo %) o arions
g?ﬂ(;‘reaﬂ %,nd diéposition of population amongs 14 therefors,
cen;res as are obtained for India as a whole" Ig':a(;;lilOn’ in actual
give a fairly practical portrayal of 'thehd'ppfl’a er. The road
practice of the principles discussed in b !ien iﬁ Plate I1I.
development map of this district has been gi

ke-

8.2. 1t might be emphasised that the plan shovs o it be

“d attern but for a detaile ' ic and

oton s;l: vei%p?:g; (P;ut proper traffic, economic, g'er?g;?lpha}:pzc ts

gsc?;eegn surveys. The existing conditions alues of both

ha,%in bea,gring on the functionary and engmzermém have to be

the e}g:ishing road system and the future patﬁerrll jcture can be

ascertained in proper perspective before a fina ({)ication of the
drawn, The present attempt only gives an in

manner of approach to the problem.

i f roads as actually

i s of various classes o ) y

obta.?rﬁa'd brl;rhscaf?ajrl'agx{lleasurement and those obtame{i ::Sth;al 11()):‘55;
of the formula suggested in the 1961-81 Report comp

As per pattern Remarks
As per P
Class of road ‘ fOI‘IIIl)ula (Plﬂte T A) X o
e e The difference in
National Highways 70 2 milages in these 2
. 124 110 classes isnotunexpec~
et Hidhwaye ) ted as the N.Hs. are
envisaged on country-
wide basis
Total 194 202
J
Regional system
M. D, Rs. 3’7 384
0. D, Res. 497 470
Yillage road system 372
Grand total 1,450 1,456
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The milages are fairly comparable P
Roads and Village Roads have notpbeen showrih:epgsggl DlSt“ﬁt
plan as a proper idea of the exact locations of the Val‘ioily (')lrll the
aqd small towns in the rural area and their tributar s villages
will be necessary before this can be finalised. Broad] y extents
however, the bonding circular roads and some (;f i’}spegklpg,
roads will come under the category of villago roads lOll'llrtkmg
{oads having characteristics of continuity and ]()r;ir .,‘ ,W rile the
selong to the category of Other District Roady & lengths will

9. CONCLUSION

9.1, With increasi i

1. creasing technical a 1 1

. ' : al and scientific strj

L With i . Hic strides ms

in variou Oflc t(};eof tlhe (5011nt1y’s developmental &ctivitieqm'z;le

T e ot o role of motor veliicle has come to gsta h Tllc

e for Lo B C stance h.aul and use of heavy carriers : -y" ot
peeds have been inercasing rapidly : o i

advantages accruing from the ixﬂé I(])f > (Llnd‘ e ith_the

§ roads
poses, the nced for an adequate hodicay papoct. pur-

svstem b ) and methodicall :
y oth for urhan and rural arcas hags beoo(mgigllan'nedtroad
= Dee minent.

9.2. The Chief Engincers h

“for road development of Tniin ave formulated a 1961-S] plan

oot € ‘ 12 and it sets out i
dou}f;g::ﬂé}tlz j\,;t‘rfets for different, conditionsth:fnllal\,}r?ge il t}in
has Taid down e, Tilge from 3,31,000 to 6,57 00 and
5 miles for tally dceismblhty' distances of 1.5 miles, 3 miles :m:i
oo respectiv%l eveloped, semi-developed and m’)I- lome
Iy on-developed

9.3.
tion frgome}rlieI{;glzzstl:)eetn onaonounced tendene
X s own: iting -
communication facilit ns and cities ;

»
\den yftowards migra-
‘ ack of ameniti
. es and
8 and meagre means for social contacts in

the rur al arens ha.Ve la.! Je y l)e res p() 8 b ¢ fOI bhell den 1(1aotlonc
1
é en nsi 1 U

ding link way planning largely ai :
thegebl; gsivtig tl(li(_a rural habitation centregs frgfnythr;u::lzf’t Pm:{l'
contony Thisg aerCt means_of access to the neighbouri;n ros:) o
but it does notpfpr(:;aCh brings rural and urban areas tg urtha.n
modern age, a vill fgsce;f or eﬁ\:ngbhen the rural set-up OIgr? t;g
’ a small dimensi e
as a healt nensions cannot i
Ithy organism and a regional communit;u\fX;Z%fgv;SS:elf
[34
;Ifrilgc};hand coxlnmon living will bel:g
SIng the rural areas. Similarl
‘;f*tpi};‘fal’ economical, social and géli?irf
rated core and its subur egrating its compact and concent-

. ban dis : :
areas 1 . ok persions and w .
S also essential, Thus, for an overall vigoroltg: an{mﬁg

effective means of stabil
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growth of the country, both the urban and rural economies have
to be properly dovetailed and integrated.

9.4. Tho concept of ¢ region” in case of rural areas has
been proposed to encompass areas of influence commencing with
a primary unit of about 12.5 sq. miles (covering a population of
about 5,000), having about one hour walking distance between
any two places within its orhit and enlarging into bigger units,
viz., rural centre, a block and finally a zone covering 50,200 and
800 sq. miles respectively. A regional unit in urban centres
would contain a composite unit comprising the nerve centre in
the core area and the inter-related neighbourhoods or satellite
towns situated in the periphery within easily reached distances.
Rapid communication system is also necessary for linking the
city with its tributary or influence area on which it depends for
economical and social stability. A territorial socio-economic
homogeneity is thus established and, for such a region, & radial-
concentric pattern of circulation gystem of the spider-web type
would secm feasible.

9.5. The highway mosaic has, therefore, to suit the
inches of the subgrade soil at optimum moisture to a density of
1.75 gms/c.c. This is followed by 8 inches of soil with 5 per
< regionalisation ** concept for both the rural and urban areas and
also to satisfy the through and local needs of transport within the
framework of the milage and accessibility targets laid down in
the 1961-81 Report. The composite fabric of the road system
on “Web and Lattice’ pattern is, therefore, suggested. It
consists of diagonals depicting National Highways, and State
Highways comprising roads of inter-State importance, grids in
different directions consisting of Major and Other District Roads
to ferm the regional circulatory system, and boundary roads
providing bypasses and periphery roads in the urban areas and
interlinks between villages and regional units in rural areas. I
combines the ¢ Web?” system for urban areas and * Lattice”

system for rural areas.

9.6. It may, however, be stated that this pattern will be
suitable only for agricultural and developed areas where the con-
cept of self-sustaining regions” can be worked to in practice.
In thinly populated semi-agricultural and non-agricultural areas,
this pattern will not be workable as regionalisation will be un-
balanced physically and economically. Direct links between towns
and villages, as far as possible, would be necessary for these areas
and the Star and Grid pattern would seem to be more suitable.

_9.7. A district will, for many reasons, be an appropriate
unit for planning of highways and an attempt has been made
to prepare on the ¢ regional’’ concept a highway plan for the-
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Agra District in U.P. as shown Plate III. This map is only an
effort to broadly illustrate the features of the *“ Web and Lattice ”’
pattern. TFor a detailed plan, it will be necessary to carry out

proper economic, engineering and traffic surveys before the
picture can be finalised.

9.8. Tt may, in conclusion, be emphasised that the s

««Web and Lattice’ pattern shown is (})nly symbolic. IOT‘ill;giii??ﬁ
pattern in the field will depend upon the economic conditions
topography, existing road system of the area and the present and
anticipated traffic patterns, and these will have to be determined
first. The proposed system, therefore, only focusses the salient
features and objects which have to be satisfied by a properly
planned road system and it can at best serve onl\f as a guide.
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Appendix 1
Land Usage and Distribution of Population

1. Distrubution of areas by land usage

Sq. miles Per 100 sq. miles

(i) Agricultural and developod 7,60,700 60.5 8q. miles
areas say 3/5th

(i) Somi-developed areas, fo- 2,59,600 20.5 sq. miles
rosis, ete. say 1/3th

(iii) Undeveloped and uneculti- 2,46,600 19.0 S(}. miles

vable arcus sajy 1{) th,_,,.,

12,66,900 100.0

2. Number of towns and villages of different populations (1951
census)

Sizo of towns and villages Total No.
° (population) )
Over 1,00,000 7l
Between 50,000 & 1,00,000 03
' 20,000 & 50,000 352
. 10,000 & 20,000 652
. 5000 & 10,000 1,176
® . 2,000 & 5,000 20,508
. 1,000 & 2,000 51,769
500 & 1,000 1,04,26

Bolow 500 3,80,019
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A Note for Panel Discussion

« THE USE OF LOW GRADE AGGREGATES
IN ROAD CONSTRUCTION”
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1. INTRODUCTION

In the future road development programme of the country,
construction of a few thousand miles of road is envisaged. The
specifications for the common type of road consist in providing
stone soling or burnt brick, whichever is cheaply available, in
the base course, and stone metal in the upper course. It is
possible to attain the desired target in areas where stone is readily
available but at places where stone is not available at economical
distance the cost of road construction goes up very high and at
places may even be prohibitive. At such places, attempts have
been made in the past to use some other inferior type of aggre-
gates which may be available at site.

The strength of such aggregates varies not only from quarry
to quarry but also within the same quarry. Consequently, their
use has resulted in widely varying and unpredictable behaviour,
which in turn has shaken the faith of the road engineer in their
use for permanent road construction. The present position is
that such aggregates are avoided as far as possible.

As a result of systematic study carried out, it has been
shown that there are large deposits of the low grade aggregate
9
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fairly well spread out throughout the country which can be
made use of cconomically even where the cost of the stone metal

is not very high, provided a scientific control on usage is
exercised.

The natural low grade aggregate can he broadly classified
into the following categories :

(i) Kankar (nodular or calcareous),

(1) Moorum (light or dark red coloured gravel),
(iii) Laterite,
(iv) Slate.

A few hundreds of samples were collected from different

parts of India and their general location is shown in the map
given in Plate I.

These goft aggregates when quarried consist of coarse
material mixed up with fine material in varying proportions.
The fine fraction may again vary widely in plasticity from very
sqndy to very clayey and influence to a large extent the beha-
viour of such aggregate during wet weather. The suitability of

these materials would, therefore, depend to a great extent on the

percentage of coarse fraction which can be separated from the
mixture,

Yor purposes of the present

discussion only the aggregate
freo from fine muaterial has been ¢ y ggreg

onsidered.

2. TESTS

‘A number of laboratory tests
various countries to assess the val
road usage. Important amongst ¢

sion Test, the Deval’s test, the Crushin
, g Strength Test and the
ﬁggrigateb Im_pacfts; ’1;est. It is found that tlfe American Los
ngeles abrasion test is the most info i iti
Crushing Strength Test g fainy o ot the British

' v ives  fairl i
and being simpler is adopted in Y JSomparative values

i most of the co ies. Since
the crushing strength test requires expensive ;zg:?zerys the
aggregate lmpact test which gives fairly concordant values, and
;s very simple in technique has recently begun to be used in field
aboratories. The same test has, therefore, been used in the
study referred to above as a single test for determining the
a;,rgogll:%th value of the Jarge number of soft aggregates collected
from rious parts of India. The aggregate impact values of
ankar, laterite and moorum are given in Table 1.

have been adopted in the
ue of an aggregate in actual
hese are: Los Angeles Abra-
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It will appear from the results that the impact value
generally varies from 15-50 with a large majority of samples
having aggregate impact value ranging between 30 and 40. The
lower values of 15-20, which some of the nodular kankars have,
are comparable with that of good hard stone. The higher values
of 40-50 correspond to those of well burnt brick. It can, there=
fore, be seen that almost all these materials can confidently
replace burnt brick in the soling and some of these can even be
used in the upper course in place of stone metal,

Resistance to softening effect of water

There are certain types of soft aggregates such as laterites
and shales which vary widely in strength in the dry and satu-
rated states. Some of these which have an aggregate impact
value of more than 35 show a tendency to get soft when they come
in contact with water. These materials are, therefore, not -
suitable to be used in the upper course of unsurfaced roads, as in
the presence of water they get soft and wear quickly causing &
slushy condition of the road. However, they have a definite
place in the base courses of the roads and the depth below the
road surface at which these can be safely used, can be deter-
mined from the soaked C.B.R. test.

In the background of latest accepted practices elsewhere and
as a result of laboratory studies, combined with whatever reports
on field behaviour are forthcoming, tentative suggestions for the

increased use of low grade aggregates on a scientific basis have
been made.

, 3. TENTATIVE SPECIFICATIONS FOR USE OF LOW
GRADE AGGREGATE* IN ROAD PAVEMENT

Note: As aresult of testing a large number of soft aggregates it
was found that aggregate impact test values bear a good
correlation with the Los Angeles abrasion test value,
which has already been found to give good correlation
with field behaviour. The aggregate impact value test
has, therefore, been referred to for soft aggregate in the
tentative specifications.

These specifications can be split up into the following
sections :

(i) Surface-treated water-bound macadam and soling
courses in areas of low water table (water level
deeper than 6 ft from the subgrade).

~r

* Laterite, kankar, moorum, shale, brick bat ete,
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(i1)

\ili)

(iv)

PaneEL DiscUSSION ON

Surface-treated water-bound macadam and soling
courses in case of high water table.

Unsurfaced water-bound macadom and soling
courses in areas of low water table.

Unsurfaced water-bound macadam and soling
courses in areas of high water table,

(1) Surface-treated water-bound macadam and soling courses in
areas of low water table

(1)

(i)

Low grade aggregate with dry aggregate impact
value of not more than 35 shall be used as metal in
the surface-treated water-bound macadam road

carrying medium traffic of about 1,000 tons
per day.

The aggregate with dry aggregate impact value of
not more than 60 shall be used as soling in the sur-
face-treated water-bound macadam road for all
traffic intensities.

Surface-treated water-bound macadam and soling courses in
areas of high water table

Aggregate with dry aggregate impact value of not
more than 35 shall be used as a metal in the surface-
treated water-bound macadam road carrying
medium trafhe of about 1,000 tons per day.

Unsurfaced water-bound macadam and soling courses in
areas of low water table

(1)

(ii)

Aggregate with dry aggregate impact value of not
more than 35 shall be used as metal in the unsur-
faced water-bound macadam road carrying very
light traffic of about 200 tons per day.

Aggregate with wet aggregate impact value of not
more than 60 shall be used as soling in the unsur-
faced water-bound macadam road for all traffie
intensities.
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(4) Unsurfaced water-bound macadam and soling courses in
areas of high water table

(i) Aggregate with dry aggregate impact value of not
more than 35 shall be used as metal in the unsur-
faced water-bound macadam road carrying very
light traffic of about 200 tons per day.

(ii) Aggregate with wet aggregate impact value of not
more than 60 shall be used as soling in the surface-
treated water-bound macadam road for all traffic
intensities.

Note: (1) In the case of aggregates with dry or wet aggregate
impact value exceeding 60, they could be used in
sub-bases, provided the total thickness of the crust
above is determined scientifically, say, by the standard
C.B.R. method.

(2) In the case of calcareous aggregates which have
cementitious properties, the aggregate should first be
compacted in the laboratory in the presence of water
and then allowed to cure for a week or so. The sample
should then be saturated and its C.B.R. determined.
From this, the thickness of inert aggregate required
over it for the local traffiic conditions should be
determined. This is necessary so as to give due
credit to the cementitious properties of the
material.

Before the tentative recommendations are adopted, it would
be useful to exchange information between various regions as to
the manner in which low grade aggregates have been used so far
and the results that have been achieved along with economic
implications,

A questionnaire has been framed with a view to assist in
the collection of such information and to keep the discussions
within the scope of the subject.

4. QUESTIONNAIRE FOR DISCUSSION ON THE USE OF
SOFT AGGREGATES IN ROAD CONSTRUCTION

Since soft aggregates can be used in different layers of the
road structure for purposes of discussion, it is essential that the
exact nomenclature of the various layers should be defined. The
terms used in the questionnajre have been taken out from the



672 PaxErn DISCUSSION ON
Indian Roads Congress Journal, Vol. XXII-3, December

1957, pp. 545 to 548, Tor ready reference, a rough sketch
is given below:

:an'uwuous WEARING COURSE

BASE COAT

BASE COURSE

SUB-BABE

SUBGRADE

GENERAL

(1) (a) Whatare the different types of soft aggregates
(kankar, moorum, laterite, slate, etc.) available in
your State ?

(b) Are the deposits substantial or petty ?

(¢) What is the maximum and minimum size of such
aggregates ?

(2) (a) Do you use soft aggregates in road construction
either as a sub-base, base course or base coat? «

(b) If so, what is the length of such roads constructed
in your State?

(¢) How does the cost of such roads compare with
other types of conventional roads?

(3) (a) If used in the base coat, are such roads given
bituminous treatment or not?

(b) 1If so, what length ?

(4) (a) What is the type and intensity of traffic on such
roads?

(b) If bullock carts ply, what is the usual load and
wei_ght? ’
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(5) Compaction

(8) What thickness of loose layer is generally laid for

compaction at a time for sub-base, base course and
base coat ?

(b) What is the compacting unit, whether. a heavy
or light roller, and how do you find its perfor-
mance ?

(6) Specifications
(a) What are the specifications for the material used in
(i) sub-base (ii) base course (iii) base coat (iv) wear-

ing coat ?

(b) Are admixtures such as sand and clay added to the
soft aggregates ? if so, how? .

(¢) Do you follow goil-gravel road system while propoi-
tioning the admixtures ?

" (7) () What is the climatic condition of the area where

such roads have been laid such as rainfall and
position of the water table ?

(b) How are the roads behaving where soft aggregates
have been used with and without bituminous
wearing coat in (i) wet weather (ii) dry
weather ?

{8) (a) Has any attempt been made to replace stone soling
or metalling with such soft aggregates in water-
bound macadam roads? ‘

(b) If so, what is the behaviour of such roads during
(i) wet weather (ii) dry weather ?

(¢) What is the cost of soft aggregates at quarry as
compared to the cost of stone boulders or stone
metal ¢

(9) Surfacing

(8) What is your. experience of the performance of
bituminous wearing coat over a base coat where
soft aggregates have been used ?
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b) In such cases, doyou find a priming coat necessary ?
Test results on inferior aggregates

1f o, at what rate of application?
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INTRODUCTION

With this report, the Indian Roads Congress would have so
far published four reports on Road Research in India. Year after
Year more and more engineers are taking part in the general dis-
cussion on road research and it could be justifiably stated that
this forum is serving the purpose of co-ordinating the work of
the different laboratories as well as bringing the field engineer
in touch with the research man.

Reports received this year bring out the fact that cons-
truction engineers are consulting the laboratory wing in many
States for problems connected with construction of new high-
ways, use of local materials in road construction and for
Studying pavement failure problems. This is a very encourag-
Ing trend.

D 1h‘.' Compiled by the Director, Central Road Research Institute, New
olhi,



684 GENERAL REPORT oN

Another significant development worthy of mention is the

taking up of co-operative research j
laboratories in this country. projects by several rescarch

As in the previous years, this general
on the basis of reports receiveg fro?n It‘;e
Research Institutes of the country and where it was possible to

have access to other reports, advant
though full reports had not been rece?v%:d :Was taken of them too

port wags prepared
he following Road

1. Central Road Research Institute, New Delhi,

2. Engineer Research i o
Engineering, Kirkee.ng of the College of Military

Highways Research Station, Madras.

P. W. D. Research Institute, U. P., Lucknow
Soil Research Division of Bihar P.W.D, Pa.tn;a.
6. R. & B, Research Institute, West Bengajl .
7. B. & R. Research Laboratory, .

It is quite likely that there mj
might be a few issi
to some of the reports not being received in time ?(:? ?ﬁéoggm(ilui?

lation of the report. All such ..
during discussions, so that they ai?ﬁgiolgitf?git% brought up

After briefly reviewing the work done, salient points are

given at the end of each i ,
open sossion. section for the sake of discussion in the

S

Karnal.

1. DESIGN, CONSTRUCGTION AND MAINTENANGE

1. RIGID PAVEMENTS
1.1. Design

One of the points of inter
igi . N es‘t, fOI‘ the T 1
glflerl%léinfraﬂenﬁ%ntddesxgn i8 the work that ig l?:i?gt ’cclyztiﬁllfedﬁ?.};rl
measuring  of t:mpf::::::zhd;léx:rtit:yel in connection with the
. . . entials in ¢o
;:111;}]11 :. view to have bet'ter' idea on the order ofnzll;ztre pla. vetments
" 86 pavements. Similar work is bejn tak T B the
adras H]ghway Research Station also, g taken up by the

1.2. Construction and maintenance
1.2.1. General

In the present stage of

country, thick concrete pave industrial development of the

ments are being construeted'
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particularly in heavy factory areas. For factory roads at
Heavy Electricals, Bhopal, 12 in. thick concrete pavement is
laid in single pour and constructed as a monolith. To achieve
proper compaction in such cases, internal vibration is employed
in the absence of heavy modern machinery.

1.2.2. Field experiments
Pavement for tracked vehicles

In continuation of what has been reported in previous
years, work was continued on this problem in the College of
Military Engineering, Kirkee!. Based on field trials on concrete
pavements topped with materials like ironite and carborundum
powder and on stone-sett pavements, the trend of results reported
indicates the following: (i) The resistance to wear is dependent
on the strength of concrete. It was observed that 1:2:4
concrete having strength of 2,500 1b persq. in. gets abraded much
faster than concrete having higher strength. (ii) Performance of
stone-sett pavements was reported to be very satisfactory as
compared to concrete pavements and that stone-sett pavements
withstand the load and abrasive action of the tracked vehicles.
(iii) The only disadvantage pointed out in regard to this kind of
pavement is the jarring and rattling effect produced on the
vehicle and its crew when the vehicles move fast, due to the un-
evenness of the pavements. : '

Grouted Cement Concrete Experiments

The field experiments on grouted concrete reported last year
are being continued.

1.3. Laboratory Research
1.3.1. Use of admixtures in concrete

The work % carried out at the Highways Research Station,
Madras, has shown that with the usé of Febmix Admix, (5 fluid
ozs/ewt of cement), the setting time of the cement was decreased,
the yield of mortar increased and the tensile strength and
compressive strength of mortar of different W/C ratios were
increased. Similarly, the addition of Melgan A decreased the
setting time of cement, affected reduction of mixing water for
the same consistency and improved the workability. However,
the use of Melgan A resulted in reduction of both the compressive
and tensile strengths to the extent of about 20 per cent.

The experiments conducted at the U.P., P.W.D. Research
Institute, Lucknow?3, have also shown that the use of Febmix in
concrete increased its workability as well as temsile and
compressive strengths, ‘
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_The work done at the same Institute on the use of Feberete,
claimed to be an air-entraining agent, indicated increase in the
workability of concrete and reduction in its strength.

The work? carried out at the Central Road Research
Institute has shown that entrainment of 4.5 per cent of air in
concrete .with the use of vinsol resin, by suitably adjusting the
W/C_ ratio and S/A ratio of the air-entrained concrete, resulted
in higher compressive and flexural strengths and high’er resist-
ance fto abrasion of concrete as compared with parallel plain
concrete. Such air-entrained concrete also showed better v?ork-
ability ant_l reduced bleeding compared to plain concrete
The experiments on the effect of entrainment of air oﬂ
the. resistance of concrete to sulphate attack and to weathering
action, consisting of heating and cooling and wetting and drying
have shown that there is a marked increase in the resista.n);e of

concrete to sulphate attack and about 5 i i
weathering durability. °0 per cent inorease in

1.3.2. Use of pozzolanas in concrete

Work® at the Central Road Research Insti i
replacement of cement by surkhi in concretenStﬁggt:évzzle%aiggé
the type of surkhi and its mode of prepara,tic;n may i)e different
for the different properties sought to be attained. The work-
ability and bleeding characteristics of the surkhi .ooncrete are
greatly influenced by the fineness of the surkhi. With a highl
2::1?:1?(3 surk.};;l, re.It)]Lacement upto 25 per cent o-f cement in gcon}:
: 18 possible with very little loss i
increased resist_ance to a%ra,sion. Si&mnitgli)rﬁthofa:? ligp]evlz:::
been found to give high resistance to alkali a.ggrega,teul‘-ea;stion in

concrete, while some surkhis burnt i
C s ] at ) - gi
increased resistance to sulphate attack a}llslg.her temperature’ give

Experiments conducted in the C.R.}
of fineness of surkhi on ity reactivi'R.R’I" ¥ hondy the effest

: . ty, have sho that th
ozzolanic reactivity i g : VAR wn a ©
Eurkhi. 1ty increased with the increase in fineness of

The work of the U.P., P.W.1. Research Station jn connec-

tion with use of surkhi and sh
: C ale as pozzolana i i
earlier reports is continuing. P »s mentioned in

1.3.3. Tests on cement and concrete
Mix proportions

The method recommended by the C.R.R.I. ¢ i
. : A R.R.1. to det
mix proportions of hardened mortar and concrete lfa:%n;;geusgg
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in analysing a large number of samples at the U.P., P.W.D.
Research Institute, Lucknow. It has been observed that if the
loss on ignition is taken into account, the chances of error in
this method could be reduced.

Vibration compaction

Based on the laboratory experiments conducted in C.R.R.1,
it is suggested that vibratory method of compacting cement-
sand mortar briquettes for tensile test is to be preferred to
other existing methods since the personal factor is eliminated in
this method. 1t is found that this method gives more uniform
results.

Relationship between W/C and compressive strength of concrete made
with Indian cements

This relationship is basis for all concrete mix designs.
The C.R.R.I. has completed work to find out the relation between
W/C ratio and compressive strength of concrete with two more
Indian cements.

1.3.4. Membrane curing of concrete

The work carried out in the P.W.D. Research Institute,
U.P.,* has revealed that 8. V. Ceremul, a product of Standard
Vacuum Company, could be used in place of water curing in
places where there is scarcity of water. The institute has
;ecommended field trials with this product in arid regions of
ndia.

The experiments conducted at the Highways Research
Station, Madras *, have shown that the alkathene film can _be
used for curing of concrete in places where there is acute scarcity
of water.

1.3.5. Alkali aggregate reaction

The research work conducted at the C. R. R. L, to further
verify the pessimum ratio concept, has shown that for several
types of reactive minerals, there isa certain level of alkali in
the cement which gives maximum cxpansion. Below and above
this alkali content, the expansion is reduced. The work has
indicated the possibility of harmful expansion even with low
alkali cements when the percentage of reactive minerals in aggre-
gate is also low. It has also been shown that there is a certain
minimum percentage of alkali content which is required for each
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type of mineral for the reaction to take place. Minerals like
opal and pyrex glass have been found to require less alkali for
reaction, while certain less reactive minerals like Rhyolites and
Volcanic glasses required comparatively higher percentages of
alkali for the reaction. lixperiments have further shown that
sodium oxide gives higher expansion of mortar bars as compared

with that gi i : pare
o cemznngen by an equivalent amount of potassium oxide in

Further studies on the i

studies on the preventive mea i
aggregate reaction, carried out in the C. R. R?‘llltesha.f\?; s%.lgv?llti
that montmorlllonltlf: and  kaolinitic clays req’uire burning
temperatures of 800°C. while illitic clays require a temperature of

1000°C. to gi i :
reaction. 0 give maximum benefit against alkali aggregate

1.3.6. Abrasive resistance of cement and mortars

The investigations carried out at the C. R. R
‘ ] L ed 3 C. R. R, 1. have shown
z?zttftr};zt;gsrm}iucbxon of gaps in the sand grading in deiﬁl;:ent
o ) 8 does not materially affect the compressive and
exura; strengt}} if the surface areas, water/cement ratio and
(i:;lel‘zréu/sgnd rs;tlo are kept constant. On the other hand, the
o (:251?5120Nga%§) in the finer fractions of sand, viz., sievé size
the abrasive ;‘esi(;’ta;-ctaogf gl(i‘tNa.gé 25-&00, D ion
of gaps in coarser fractions such aé sieczrze:ie;é %lg ;\?ci)}r?idil:t;gg

No. 14-25 did not i ;
resistance. result in any improvement in the abrasive

1.3.7. )oint sealing compounds

CME Kirkee continued the work on joint sealing compounds

for airfields using j i

) jet aircraft. It was mentioned i i

Z;a,zssull"zptort that these_compounds developed blis;;s%r:g(:ll‘:
P o sun. Experiments conducted so far indicate that

used due i i i

Laboratory investigati

. : gations by the College of Mili i

?Ifﬁf;ﬂg,f tKu‘-kee !, have shown that joint sealging cohxlfxl;l)l:i?c’laE}?ag;-

i gt t}fo ening point higher than 90°C. do not develop blisters
ut that such compounds failed in the extension tes% atl low

temperatures. Addition of i
e Pt n of rubber improved the elastic proper-

In the C.R.R.I. different t
. LU ypes of fib o
regnated with bitumen to study their user?o?ojaolig: gli?e?: e tmpe
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1.4, Overlays

As some of the existing pavements are unable to stand the
present increasing traffic loads, with a view to have better under-
standing on stregthening the pavements, experiments are in
progress for both rigid and flexible overlays.

1.5. Prestressed Concrete

Research on prestressed concrete, being one of the sponsored
research schemes, is taken np by the Madras Highways Research
Station. Work is just being started on the use of prestressed
slabs and blocks in the strengthening of culverts and small span
bridges.

In this series of tests it is proposed to try out prototype
members both for culvertsand small span bridges. The primary
objectives for the experimental observations are stated to be:

1. Evolving a design for a pretensioning bed.

2. Evolving suitable designs for the structural members.
3 Behaviour of pretensioned member during manufacture.

4. (a) Behaviour under static load.

(b) Pattern of cracking and mode of failures under
super loads.

(¢} Load-deflection characteristics.
(d) Tltimate load investigation.

5 Behaviour of pretensioned member subject to repeated
loads.

Laboratory investigations are in progress in C.R.R.I. to find
out ways and means of reducing subgrade friction in prestressed
concrete pavement during construction.

Salient points

1. Yeasibility of using air-entrained concrete for pavement
construction.

Use of reactive pozzolanas in concrete for roads.
Joint sealing compounds.
Strengthering of existing concrete pavements.

Reinforcement in slabs.

p—
oo
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2. FLEXIBLE PAVEMENTS

2.1. Bituminous Pavements
2.1.1. Design
(i) Pavement thickness

The work on evolving an empirical method for design of
flexible pavements is being continued in the Central Road
Research Institute. Pavement evaluation studies for both sound
and failed portions on roads around Karnal, taken up in this
connection, were completed.

Based on the work conducted in the same Institute, a design
curve for determining pavement thicknesses required over
different types of subgrades for bullock-cart traffic is proposed.
This design curve was evolved by extrapolating existing C. B. R.
design curve with the aid of elastic theories.

(ii) Pavement performance

Most of the research organisations have reported several
investigations on performance of pavements. All these investi-
gations were directed to find causes of road failures and to
suggest remedies. This trend is very encouraging because only
by such an approach can a realistic design method be worked
out.

(iii) Design of dense graded mixtures

The work on design of dense mixtures with the object of
obtaining suitable mixtures for Indian traffic and climatic
conditions, was continued in the Central Road Research Institute.
It was noticed that the same proportion of the aggregates as is
obtained from the crusher plants together with the crusher run
dust can be employed to get an acceptably dense mixture and a
specification based on this has also been laid on one of the
national highways,

In order to estimate the absorption of water and the possible
swelling of dense carpets in areas subjected to heavy rainfall, a
test was developed using a pressure chamber in which the
mixture samples were kept under varying temperatures, vacuum
pressures and duration. Based on a series of tests conducted,
it was found that a test temperature of 140°C. with a vacuum of
10 in, and duration of 30 minutes gives satisfactory conditions.

The compressive strength of bituminous mixtures as given
in the A. S.T. M, standards was modified by using a temperature
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of 5°C., and based on a series of tests, it was found that the
compressive strength of a bituminous mixture at 5°C. is as high
as three times that at 25°C. ~The reproducibility of ‘the results
was found to be quite good. Also, the strength value at low
Femll))'er:;,ture Wt(’LS tfou]nfll tof be quite sensitive to the variations
in binder content which fact it s ; 4

the design of bituminous xnix'cu(;l(;s.“l of significant importance in

al In orc}ller to _reduce_ the cost of asphaltic concrete mixtures,
e;s. such as sﬂfty 3011, claygy soil and industrial ash were
used 1n a series ol mixtures with varying percentages of binder

content and the efficicney of these fil 1 i i i
Marshall stability tests, etc. plers is being studied with

2.1.2. Construction and Maintenance
(i) Field experiments

Surface dressings: In the Central Road Research Institute

an experimental length of test track i id wi
the following objectives in view : nek wan designed and laid with

1. To determine the correct grade of binder for a single

coat surface dressing,

To determine the correct quantity of binder required.

3. To determine the

uanti ]
to be employed. k! ity and size of aggregates

4. To study the efficiency or otherwise of primers.
The entire experimental stretch was laid over a new waters-

bound macadam ecarryin
_ g about 4,000
The experimental stretch is under observa?girtl)il of traffic peg duy-

P WBa,]s_g)ed_sn th? work in the Research
- W. D., 1% was found that bitumen is more syj

. 3 n 1 uit
dre}ssmg. for brick pavements than tar and ;]:.;)13 fgrb?tl;lrfa::i
pﬁlmer. is better than lpw_viscosity road tars. It wa;& 1 l fl:;?nd
that simultaneous painting with tar and bitumen us?nsgotar for

the first coat and bitumen for th
than two coat painting with tar ali;g'cond coat was found better

Station of the U. P.

Prefabricated bituminous surfacin
. . . S
bituminous surfacings as per their neWgspecif;‘rcgi'
a trial on a test track in the CME at Kirkee io
in the previous year’s report, the C.B.R. of ¢
its moisture content were determined 'bef
ore i

the P.B.S. It was observed that the moist:gdéhofte;r l:ylonsié
in the subgrade after monsoons. In the area under thI; elr; }r3 5

. s b

prefabricated
ns were given
As mentioned
the subgrade and
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when tested after two months, there was no reduction in the
moisture content, but in the surrounding uncovered area there
was a drop in the moisture content. So it is considered
essential that for any P.B.S. road, it should be on an
embankment of 2-3 feet higher than the surrounding ground
level. Also, a side drain of 2-3 ft deep should be provided and
linked with P. B. S. to prevent ingress of moisture, :

2.1.3. Laboratory research

(i) Open graded premix carpets

Based on laboratory investigations so far conducted on
binder aggregate relationship for open graded premixes in the
C.R.R.I, it is found that about 4 per cent of bitumen is required
for a ? in. size aggregate. It was also noticed that the increase
in quantity of aggregates to be laid per unit area only increases
the overall thickness of the carpet and does not materially
improve the stability within the carpet. It appeared that the
optimum quantity of aggregate per 100 sq. ft. is 1}-2 times the
quantity required for shoulder to shoulder coverage, that is,
about 9 cu. ft. for § in. size,

The work done in the Research Station of the U.P., P.W.D.,!
indicates that in the case of brick pavements, precoated
chippings is definitely advantageous to surface dressing and even
better than a two-coat surface dressing.

(ii) Bituminous penetration macadam

In the Central Road Research Institute, an attempt was
made, to determine the optimum quantity of binder required for
a full grout penetration macadam of 2 in. and 3 in. thickness
using hot binder. Based on a stability test fabricated in the
Institute, and noting the maximum load sustained by the
specimens under the plunger, the quantities of aggregates and
the optimum quantity of binder required were obtained as being
20 cu. ft.of 1} in. aggregates with 110 lb of binder for 2 in.
macadam and 30 cu. ft. of 2 in. metal with 150 1b of binder for
3 in. macadam. It was also observed that either asphaltic
bitumen or tars can be used in equal quantities by weight to give
a satisfactory performance.

Work has been done in the Research Station of the U.P.
P.W.D.! for built up spray grout using brick ballast. It was
reported that the surface was excellent even though brick ballast
only was used and the cost was the same as for the conventional
water-bound macadam with brick ballast and two-coat surface

dressing,
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(iii) Stripping of bituminous binders under wet conditions

The work of adhesion and stripping is being continued in
the Central Road Research Institute, Madras Highways Research
Station”? and also at the Research Station of the U.P., P.W.D.?
It is reported both by Madras Highways Research Station and by
the U.P., P.W.D. Research Station, that use of adhesive agents
definitely improves adhesion between wet stone and binder and
ag such it can be used for construction during rains or during
monsoon periods.  Adhesive agents tried were adhevin T,
Doumeen T, Wet fix, cte. Various other adhesive agents like
white lime, ete., were also being tried.  According to the U.P.
P.W.D. Research Station, it was found that for a surface paint-
ing during wet weather, hased on experimental strips, the
surface with white lime behaved the best.

{(iv) Bituminous stabilization of soils

The work in the Madras Highways Research Station® indi-
cates that road tar 3 does not act as a good primer over stabilised
soil base and that the bituminous wearing course gets separated
from the base. Also, effect of binder preparcd by blending
kerosene oil and napthalinic acid with bitumen RC 3, with and
without hydrated lime, for stabilized sand was tried at the
Madras Highways Research Station and the results indicate that
the strength does not increase very much. The work in the U.P.
Research Station indicates that stabilized soil and fine sand
mixed with bitumen emulsion disintegrate soon after immersion
in water whileas it is not so with coarse sand. It is also
observed that soils with emulsion can withstand high loads while
dry and as such the use of local soil with emulsion can effectively
prevent the dislodgement of stones in a water-bound macadam. '

(v) Weathering and oxidation of road tars

In the CR.R I, an initial attempt was made to draw up an
evaluation test for the effcct of oxidation of tars using sand tar
mixtures and obtaining their compressive strength, etc. In the
second stage, tests were conducted to standardise the procedure
for evaporation after noting the eflect to thickness of the binder
film, using RT-3 which is a popularly used binder. Viscosity
tests using micro-viscometer on various binders were conducted
and the tests indicate that the viscosity index is muech more
sensitive than the E.V.T. or the Frass Brittle point for purposes
of evaluation. ’

(vi) Low temperature tar

Samples of tars prepared from low temperature crude tars so
as to conform to the specification of RT-4 were subjected to a

20AD DESEARCH IN INDIA 695

series of physical tests and also for weathering index in the
C.R.R.I. It was found that though from the point of view of
viscosity, €.v.t., ctc., the samples conform to the specifications of
R7T-4, the taracids contained were still at a high level. An
attempt to use these tars with straight run bitumen proved a
failure but the mixture of the crude low temperature tar itself
with an equal quantity of bitumen gave o satisfactory mixture.
Further work is being done.

(vii) Analysis of bitumens

In order to study the role played by the phenols in affecting
the properties of the road tar, investigations were continued in
the C.IR.R.L., using tars containing a high quantity of volatile
oils. As most of the phenols even in RT-1 are of the middle oil
group, crude tar samples obtained from high temperature
corbonisation plants, which havc a high phenol content, are being
analysed.

The U.P., P.W.D. Rescarch Station?, continues to work with
an electro-photometer for studying the effect of over-heating of
tar,and bitumen by observing the percentages of light transmit-
ted through a low concentration solution of bitumen in benzene,
similar to the work on absorptiometer conducted by the C.R.R.1.

{viii) Analysis of road stones

2oad aggregates from different parts of the country are
being studied in the C.R.R.I., and the data regarding physical
and petrological properties are being collected. Similar work is
also keing done in U.P., P.W.D. Research Station as well as in
the Madras Highways Research Station.

Salient points

1. Criteria for tho design of dense carpets.

2. Necessity for mechanisation of bituminous work.
3, Tar bitumen mixtures.

4. Manufacture and use of emulsions.

BIBLIOGRAPHY

1. Annual Report of the U.P., P.W.D. Research Institute, Lucknow,
for 1938-1959.

2, Apnual Report of the Highways Research Station, Madras, for
1958-1959, .



696 CGENERAL RLrorr onN

3. *“Design of Roadsfor Bullock-Cart Traflic”—Rao, N. Mohan,
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2.2. Water-Bound Macadam and Brick Pavements

Extensive work in the laboratory as well as in the field has
been conducted by the U.P., P.W.D. Research Station!, in
connection with water-bound macadam and brick pavements.

As regards water-bound macadam, a dilute emulsion has been
employed on an experimental strip, using H.R.M. (60 per cent
. bitumen) emulsion to maintain the water-bound macadam in
case the surface painting over it is delayed. It was observed
that the surface wherein the emulsion was mixed with local stone
before laying and then spreading it evenly was satisfactory. A

similar attempt using kankar stone was made and the surface is
under observation.

Based on extensive work on brick pavements, some of the

salient results claimed by the U.P., P.W.D. Research Station,
are as under :

1. Brick pavements can suitably be used for road

construction if reasonable quality of bricks is
available. ‘

2. Provision of 1-} in. of sand cushion reduces the wear
of bricks under traffic.

3. The lifo of the pavement is less without surface treat-
ment and use of bitumen premix carpet is better than
surface dressing and bitumen is more suitable.

4. Brick pavement in cement sand mortar cannot be
used for road construction without surface treatment,
and concrete overlay of 13 in. is not satisfactory.

.CJI

Brick pavement with sand cushion over an existing
hard base is not satisfactory.
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2.3. Soil Roads including Stabilization
2.3.1. General

A review of the work for the year under report indicates a
general recognition of the use of soil as a construction material on
the part of the various State P.W.Ds. ete., resulting in the setting
up of new labortories. The technique of stabilised soil construc-
tion as such, has been adopted in the construction of runways.
The use of locally avilable gravel has also been undertaken for
the construction of low cost roads in the State of Bihar!.

Another noteworthy feature has been the work on the
Eastern Express Highway undertaken by the Bombay P.W.D,,
in collaboration with the C.R.R.I., involving some new techniques
of building highway fills across swamp deposits, including the
use of vertical sand drains for expediting consolidation of the
soft clay subsoil,

2.3.2, Stabilization of black cotton soil

, Laboratory experiments on the treatment of black cotton
goil with lime, details of which were reported last year were
continued in C.R.R.I. These tests have indicated encouraging
results in the laboratory, namely, that the C.B.R. value increases

from as low as 3 to about 80 with the addition of 5 per cent
lime,

Work on the use of lime for stabilization of highly plastic
soils resembling black cotton soil has been undertaken by the West
Bengal Roads & Buildings Research Institute?, adding1 per cent,
2.5 per cent, and 5 per cent lime to black cotton soils. With the
addition of 2.5 per cent lime, an increase of the field C.B.R. to0 36.2
has been reported as compared to 3.7 in the case of untreated
soil. Inanother length, the addition of 3 per cent lime had given
a field C.B.R. of 54 compared toabout 2 in the original state. The

results are encouraging and indicate large scale trials in the
field.

In the Madras Highways Research Station®, stabilization
work under field scale has been done by adding sand to black
cotton soil, thus considerably bringing down the plasticity
index.

Other experiments concerning the swell pressure of black
cotton soils were undertaken in the C.R.R.I. this year. The
results indicate that the swell pressure depends very much on the
density of the soil, increasing with the increase in dry bulk
density. For low densities upto 1.5 gms./c.c. the swell pressure

13
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is vory small but as the degree of compaction is increased there
is an abrupt rise in swell pressure. Swell pressure of a soil is
found to depend also on the initial and final moisture contents
of the soil. The swell pressure of a soil from the dry state to
shrinkage limit seems to be more or less the same but above the
shrinkage limit, swell pressure decreases, as the initial moisture
increases and after saturation, no swell pressure is observed.

The effect of height of the specimens and of confinement of
swell pressure have also been investigated. The results indicate
’_ohat the swell pressure increases as the area of confinement
increascs.

2.3.3. Mechanical stabilization

A number of full scale field trials applying the conventional

gpecifications to stabilized soil road con i i
: . g struction wer ress
during this year also. ¢re in prog

In Bihar, major work on the soil-gravel road ¢ i
has been 1.mder§a,ken on a large scale, us{i;ng sciex?&%ccr(;r;i?:g:miﬁ
collaboration with the C.R.R.I. in the districts of Ha,za.riba,’gh
]?ll.ag&lpl.u', etc. The normal specification adopted, consists oi
6 in. §h101§ uncompacted layer of soil-gravel mixt’ure with a
pla.gtlcxty mdpx varying between 8-11, compacted to 1’1% i;l at
optimum moisture content. As the traffic on these rLoads' is
oxpected to be rather low, no surface dressing has been given.

The State P.W.D. has also report . . . :
satisfactorily on the whole. ported that these roads are behaving

In the West Bengal soil-sand stabili : i
. ' - ilized bas
being used in place of conventional double brick (;;(z)cscz)liirst: e

A number of road lengths have also b

4 ' : een taken by the
Punjab & Madras P.W.Ds. using mechanical stabilizatigﬁ ay ly-
ing the existing specifications. PPy

3.3.4. Chemical stabilization

"The work on chemical stabilization i
¢ of
found favour with the research workers on ac:c?liﬁt 1(:? ﬂhilgll(;tcg::i;‘i

Except for spreading chemicals on th i
seems to have been done so far. ©surface, no systematio work

2.3.5. Cement stabilization

The use of soil ccment on a lar
) E soil arge scale I
the Engineer-in Chief’s branch of the Army laﬁezile;u:;it%gge%gg
Delhi, in collaboration with the C.R.R.I., in the construction of
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taxi track of an airfield. The pavement is designed for a wheel
load of 60,000 1b and a contact pressure of 100 p.s.i. The total
thickness provided on the subgrade which has a C.B.R. value of
3 per cent is 34 in. This thickness is built up by compacting 12
inches of the subgrade soil at optimum moisture to a density of
1.75 gms/c.c. This is followed by 8 inches of soil with 5 per
cent cement, another layer of 5 in. of soil with 7.5 per cent
cement and still another layer of 4.5 inches of soil with 10 per
cent cement. The surface carpet is provided by 3 inches of
bituminous macadam followed by 1.5 inches of dense bituminous
carpet. This process, apart from reduction in cost in certain
cases gives a high outturn and can be used with advantage even
in cases of emergency.

Some initial trials with stabilization of soil with cement for
village roads have shown that even when soil is stabilized with 5
per cent cement, it does not develop as such or even after stone
gra,éiting, enough strength to take up the abrasion of light
trafiic.

The West Bengal Roads & Building Research Institute in
collaboration with the C.R.R.L, is constructing a 5} mile length
of soil-cement road near about Caloutta, using 2} in. cement in
the base course and 6 per cent cement in the top course, with
stone grafting and surface carpet. In West Bengal, soil-cement
stabilised blocks with 5 to 7 per cent cement mixed with laterite
soil were used as good building blocks.

2.3.6. Stabilization with lime and mollases

In the C.R.R.I., some field experiments are being conducted
80 as to verify the findings already reported by the Institute as
well as those of the Karnal B. & R. Research Institute 4, Ithas
been previously reported that a small experimental length
constructed by the B. & R. Laboratory, Karnal 4, with stabilized
soil using 2.5 per cent lime and 5 per cent molasses has given
satisfactory behaviour for the last 2 years whereas the untreated
and the cement-treated stretches had already begun to show
signs of distress. Field experiments by the C.R.R.L., have shown -
that molasses in concentration of about 2.5 per cent alone can be
advantageously used for improving the abrasion resisting quality
of soil stabilized with soft aggregate. The resistance can be
further improved by mixing 2.5 per cent lime before treatment
with molasses. -

It has, however, been noticed that lime alone will not
improve abrasion resisting qualities of alluvial soils in dry
gegson,
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It was reported from Madras Highway Research Station *
that addition of lime alone did not improve the strength
characteristics of one type of gravel they tested. This gravel
has a L. L. of 20and P.I. of 10 with 17 per cent passing 200
sieve.

2.8.7. Study of subgrade moisture

The study on the subgrade moisture conducted by the
Central Road Research Institute has shown that there is no
moisture equilibrium stage in India as found out by the workers
in the U. K. The degree of saturation of the subgrade in India
during the worst part of the year varies almost from 20 per cent
to 100 per cent showing thereby that it is not necessary to carry
out the design of the pavement at saturated condition for all
parts of India. It further shows that in areas where the degree of
saturation is low further research work is desirable to predict how
the degree of saturation will be affected as and when there is &
tendency for the water table to rise.

2.3.8. Low grade aggregates

Greater enthusiasm for use of locally available low grade
aggregates in road construction is evident in different parts of
the country. Low grade aggregates like brick, moorum, kankar,
soft gravel, laterite, etc., are being used more extensively on
large scale field trials as well as in regular construction projects.

Suitability of blast furnace slag for use in base and surface
courses is under investigation in the Roads and Buildings
Research Station, West Bengal . Work is also being taken up
by the same station to improve the quality of bricks.

2.3.9. Construction of embankments on marshy grounds

Work on the construction of embankments on the Eastern
Express Highway, Bombay, is being continued. The embank-

ment construction in some of the stretches is on the verge of
completion.

Points for discussion

(i) Use of soil-cement as material of construction for roads
and runways.

(ii) Use of waste products such as slag and cinder in soil
stabilization and embankment constructjon,
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TRAFFIC AND TRAIFIC SAFETY
1. GEOMETRICS, EGONOMIGCS. STATISTICS AND SAFETY

Generel

Tt is gratifying to note the rapid progress made by this
branch of the highway engineering in India in the year under
report. The Central Road Research Institute undertook many
new problems this year while work on others has been extended.
Collaboration was sought from traffic Police, Town Planning
Organization and various State governments. A comprehensive
report on goods traffic survey in Delhi has also been published by
the Ministry of Transport and Communications (Roads Wing)
this year.

1.1. Geometrics

1.1.1. Design of traffic islands in road junctions

Highways Research Station, Madras® took up the study Qf.ﬂ'
number of road junctions for the redesigning of traffic islands In
Madras City as well as on all the National Highways in the
State. Comprehensive plans of these intersections based on the
pattern of traffic flow have been prepared and are being executed.
Special attention has been paid to those undersized islands
where there are frequent hold-ups and confusion during peak
hours. Channelization synchronised with traffic signals has
often been recommended in such cases, if found satisfactory, to
ensure safety and efficiency.

. 1.1.2.  Origin and destination survey of Delhi

This study which was conducted jointly by the Central
Road Research Institute and the Town Planning Organization,
Ministry of Health, has since been completed.

1.1.3. Design of kilometer stones

At the instance of Indian Roads Congress, various designs of
kilometer stones based on Scientific considerations of colour,
size, spacing of letters, glance legibility value, target value and
priority value, were tested in the field by Central Road Research
Institute and most suitable designs have been recommended to

LR.C. for various types of highways for consideration and
adoption.
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1.2. Economics

1.2.1. Economics of operational cost of different types of
vehicles.

This study was undertaken by the Central Road Research
Institute to determine the relationship between value of service
rendered by the vehicle and highway cost. These factors in turn
influence highway location and enter -into the determination of
rates of taxation on different types of vehicles, This survey is
limited to Delhi State only but the results obtained can be
applied anywhere in India with little modifications,

1.3. Statistics and Safety
1.3.1. Short counts

Nowadays traffic volumes in India are heing manually
counted unlike the Western Countries where automatio
traffic counters are used. The inability of these automatic
traffic counters for recording mixed, fast and slow vehicles, is
well known. An attempt has, therefore, been made by the
Central Road Rescarch Institute to arrive at as short a manual
count as possible (even upto onc hour) by analysing the data
collected in Sampling Technique Problem (I.R.C. Bulletin No. 5 ~
1958). In this connection ¢ Parent factors >’ obtained as hourly
traffic expressed as a percentage of the total daily traffic for each
hour have been calculated. It has been found that these
¢ Parent factors’ are fairly good predictors for the daily traffic
under similar conditions of population, number of vehicles and
economic activity (as for one particular city).

~

1.3.2. Comprehensive study of Delhi road traffic

A comprehensive study of the various aspects of Delhi
road traffic e.g., counts, traffic laws, traffic police, drivers, pedes-
trians, cycle traffic, vehicle types, accidents, speed control, ete.,
has been undertaken by C.R.R.I. The work on traffic counts,
trafficlaws, and traffic police is complete and the detailed study
of other aspects is making headway.

1.3.3. Goods traffic survey in Delhi—1957

On the recommendation of the Statistical Commission of
U.N. Economic and Social Council, & sample ¢ Goods Traffic
Survey ”’ was conducted by the Roads Wing of the
Ministry of Transport and Communications in Delhi in 1957°.
At the time of survey, there were 2,025 motor goods vehicle and.
about 12,000 animal drawn carts. The main survey covered
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information in respect of 358 motor vehicles and about 200
animal drawn carts. Exhaustive information was collected
about the nature of vehicle, laden and unladen weights, age of
The vehicle, nature of activity in which engaged, type of fuel
used, idle capacity, etc., and a scientific analysis was carried out
to assess the present conditions and obtain useful results for
future planning. The whole report has now been published by
the Ministry.

1.3.4. Parking study in Connaught Place

This study has been wundertaken b

: . ! y the Central Road
Research Institute to improve’the rapidly deteriorationg parking
condition in the main shopping and business centre of the

Capital. One of the main recommendati i i
of the vehicle parking. fons madeis the motering

1.3.5. Effect of ¢road signs and road markings’ on driver’s
behaviour

With the rapidly increasing volume of tra oads
the role of road signs and road marking is izugnnilfge glll'eatel,‘
importance. With a view to achieve more efficient road s&igns
and markings, two separate before and after studies have
begn undertaken in this connection. One of these studies per-
ta.ms‘ to the effectiveness of present road signs such as * STOP
and * DEAD SLOW’ at the intersection and * Speed Limit Signs ’
on the various roads, and the other studyis being made to

determine the eff i h .
straight roa dZ gt:.% of road markings at the curves, intersections,

1.3.6. Before and after studies

Before and after study on pedestrian i i

¢ 3 safet kin
h‘{adway now with various types of road markez'slsfo: ?gm;lﬂi‘isog
with plastic markers (as reported in I.R.C. Bulletin, December

1958). This is being done in an at :
durable and economical road ma.rker; tompt to arrive at WO

1.3.7. Scientific investigation of road accidents

In continuation of the investigati

) _ gation reported last year, the
C.R.R.L, is now studying the road accident?s which ocgurre’d in
1958 with a view to analyse them on scientific basis to find out
their causes and suggest preventive measures

The details of 2,838 road accidents whi i 1hi
and New Delhi in 1968 (collected from Dellighf('):ﬁg;; °g;§e Il);en

Roap RESEARCH IN INDIA 705

punched on punch cards. About 14 tables showing the nunmber of
fatal, non-fatal and property damage accidents, number of
persons killed, injured, details of vehicles and drivers, etc., are
being prepared. These tables will help in connecting various
types of accidents with type of collision, type of vehicle, road
conditions, weather conditions, driver’s age and sex, traffic
violation and other related factors.

Points for discussion

1. Metering of vehicle parking at this stage of road
transport development in India.

2. Adoption of ‘minimum speed limits ' on certain high-
ways where fast-moving vehicles predominate overwhel-
mingly.

BIBLIOGRAPHY
1. Roport of Highways Research Station, Madras, 1959.

2. (oods Traffic Survey, Delhi 1957.
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Khanna, T.S.& Sehual, T.R.- Paper No. 221, I.R.C. Journal,
Vol, XXIV, Part 4, January 1960.



THE SUPER MG
AVELING-BARFORD

In keeping with the Aveling- Barford policy of
constant product improvement, the new Super MG,
is a 6 wheel drive, 6 wheel steer motor grader and
is available with a torque converter.

GREAVES COTTON & CO. LTD,,

5 1 Forbes Street, Bombay |

g‘sﬁim Branches: Ahmedabad. Bangalore, Coimbatore,
Kanpur, Madras, New Delhi

G.c./59-26
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THE INDIA ELECTRIC WORKS LTD.

Head Office & Factory:

Diamond Harbour Road, CALCUTTA-34

Branches at:

BOMBAY, MADRAS, DELHI, KANPUR.

e ——

BURNPUR COOLING TOWERS

FIVE NUMBERS MOUCHEL TYPE Natural Draught Cooling Towers each with
a height of about 204 ft. above ground level and a base diameter of 178'-6"
capable of cooling 1,000,000 gallons of water per hour, resting on Colcrete Piles.
The three towers for the Blast furnaces on the left were completed in 1957
and the two towers for the power plant on the right were completed in 1959
to the order of The Indian Iron & Steel Co., Ltd.

o

GAMMON INDIA PRIVATE LIMITED

CIVIL ENGINEERS & CONTRACTORS
HAMILTON HOUSE -  BALLARD ESTATE -  BOMBAY-|

Telephone: 264511 (5 lines) Telegrams: ‘“GAMMON*
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e o , MDS
@ EQUIPMENT
B D e MAHAK o

s Cﬁ} » .""",:,‘ remote control measurement of strain,

tension, compressive and tensile forces,
load, temperature, liquid and gas pressure,
convergency, earth pressure, earth stabi-
lity, seepage and pore water and pressure,
etc., involved in concrete, earth and steel
structures. Ensures economy and security.

FOR FURTHER DETAILN PLEASE WRITE TO:
Nole Distributors

THE SCIENTIFIC INSTRUMENT CO,, LTD.

ALLAHABAD, BOMBAY, CALCUTTA, MADRAS, NEW DELHI.

ERICHSEN
COMPRESSIVE STRENGTH
TESTERS

FOR

CONCRETE

i Portable machines
for field operations.

" Sturdy construction

and simple operation.

NORINCO (PRIVATE) LTD.  NORINCO (PRIVATE) LTD.

14, NETAJl SUBHAS ROAD, ° INDIA HOUSE,
FORT STREET, FORT,

CALCUTTA. BOMBAY.

255608

Phone:

| ROCK-EXCAVATION,
‘ HEAVY EARTHWORK, ROADS,

| FACTORIES, REINFORCED CONCRETE-

I

|’ DAMS, TUNNELS, BRIDGES,

i
|

|| CONSTRUCTION, ETC.

|

. JETTIES, CAISSONS,

ENGINEERS & CONTRACTORS
United India Building, Sir P.M. Road, BOMBAY-I.

Undertake
Construction of

TUNNELDAM

PATEL ENGINEERING COMPANY LIMITED

Please contact:

Gram:
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USE 1007 INDIAN ROAD TAR

FROM INDIAN COAL MINE

\

>

THROUGH
INDIAN

CHEMICAL INDUSTRY

V4
TO INDIAN ROAD

P A T
4 . e e B T e T R

2" PREMIXED CARPET WITH ROAD TAR
LAID IN 1951 ON N. H. 34, NEAR SANTIPUR, WEST BENGAL
AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LD.

6, Ganesh Chunder Avenue, Calcutta-13

Brimming with lwghter and excitement, these annsthnni children

cluster around their quaint ‘conveyancee’, the camel. Not cvery day do

they have such fun-—a camel ride across the sandy wastes and a marriage

feast awaiting at journey’s end. A fow moments more and off they will

go, swinging in rhythm with dhe trotting camel and completcly at case

on the tall mount.

%W 60}7 @'h o ébw‘w%o —and how fast?

But

DC.519

In vast paces of India
travel is still slow and
wncertain, AMore roads
and impreved transport
will broaden the Bori-
zons ef our children
ciotbln thent o traeel
Surther aficld and Enow
their neighbours Letter,

DUNLOP _})

Serving India's
Transport for

6o years



no trouble at all...

BITUMEN
EMULSION

... in one easy
application

Bitumen emulsions are ef-
cient and economlical for
surface  dressing,  premix
work and soi! stabilization, P kL

They require no heating. iE '\Qg‘%"; N

Hence —no fire hazard ... no
snnoying smoke ...no heat.
ing equipment. Just open the
drum and you're ready to
start work. Bitumen emul-
sions are specially suitable
for repair work, and factory
and residential roads.

SHALIMAR TAR PRODUCTS (1935) LIMITED

CALCUTTA + DELW  ° GOMBAY o (UCKNOW o+ CHANDIGARM
Agents: The Bombay Ce. Private Ltd., Madras 1t © R.C. Abrol & Co. (Private) Ltd., New Dethi |

TP

That’s why everything to
e dv with roads is so important.

Bitumen, for example.

One of the better
road-building materials,

Inexpensive.

Easy to handle.
Long-lasting. Hard-wearing.
Supplied by Burmah-Shell.

BURMAM-SHELL BITUMEN CAN BE SUPPLIED IN BULK. THIS
DEVELOPMENT, PIONEERED 8Y BURMAH-SHELL, SAVES VITAL
STEEL BY MAKING DRUMS UNNECESSARY. BULK BITUMEN IS
PARTICULARLY SUITABLE FOR MECHANIZED ROAD CONSTRUC-
TION- AND IT IS MUCH CHEAPER IN (TS INITIAL COST.

BURMAH-SHELL

BITUMEN FOR BETTER

ROADS <y,

X1

“Food's ready...”

That must be the call,

In every home in the country.
Everyday.

But growing enough

tood is only part of the answer.
We must move it from

the fields to the village markets.
From village markets to
neighbouring towns and cities,
This means that we must have
cheap transport.

Quick transport,

Efficient transport,

And for that, we need roads.

That’s why roads
must have topmost priority.
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STEEL ROAD BRIDGES

BRAITHWAITE & CO
(INDIA) LIMITED
HIDE ROAD, KIDDERPORE, CALCUTTA.

X111

p

Mu&/»! i
The above view shows work in progress on the construction of

19" diameter Piles For DHAMDACHA Bridge in Navsari Dangs Division

for Bombay P.W D.

Undertaken by
THE CEMENTATION COMPANY LIMITED

STEELCRETE HOUSE,
Dinshaw VYachha Road, c‘o(.rb

-

BOMBAY-I. A =

*

Main Contractors for the Bridge—Messrs. C. |. PATEL & CO._
Specialists in: —— ‘*{

e Bored Piling Also offices ut : _
e Guniting 3, Esplanade East, Calcutta
e Drilling

. 5, McLean Street, Madras
o Pressure Grouting

with over thirty years’
experience,




Another {-Mly First—Automatic Compactor for

Proctor and CBR Moulds and BSS and A.S. H. O. Tests
ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LTD.

INDIA HOUSE, B-5, GILLANDER HOUSE, 26-27. ASAF ALl ROAD,

FORT STREET CALCUTTA. NEW DELH!.
BOMBAY-I.

-
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