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SYNOPSIS

In Madras City, parking problem-is acute on Mount Road which is
situated in the heart of the city and is a fashionable shopping ecentre
with show-houses, hotels and other rcercational places. A portion of this
road, in a heavily built-up area, is now proposed for improvement to provide
84 ft wide carriageway, besides 8 {t wide footpaths on either side {ov pedes-
trians to accormmodate the increased flow of traftic. In an cffort to. provide

* Highways Researeh Station, Guindy, Madras-23,
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208 THILLAINAYAGAM AND SRINTARI ON

this width uniformly throughout the length, it has become necessary. to
prohibit curb parking in narrow portions and to provide off-street parking
spaccs. So a survey was conducted to evaluate parking requirements.

The survey was conducted to establish both quantity and character
of potential demand of the parking facilities on this road and to meet
that demand with economic justification. The survey also aimed at
revealing the nature of parking habits. The survey revealed that about
72 per cent of the people park their cars for less than 20 minutes and only
5 per cent of the cars werd parked for more than 60 minutes. Long time
parking was generally adjacent to the arca of important Lusiness. The
parking facilities provided now by public and private buildings were
generally found to be inadequate. The location of taxi stands, bus stops
and cycle parking also needed a change. :

Recommendations made include thirty minutes curb parking, restric-
tion, marking of stalls and signing of regulations, relocation of taxi stands
and bus stops, and enactment of zoning ordinance prescribing parking space
provision for the various types of buildings besides amplification of the
Motor Vehicles Act as regards method of parking and allied matters.

1. INTROdUCTION

1.1. All roads arc primarily dedicated to the purpose of
public travel. Any other use must be considered of secondary im-
portance. But mere movements do not accomplish the needs of
transportation. Motor vehicles have no utility for their owners
unless it is possible to park them on reaching the destination.

1.2. Thus, while parking is not directly a part of the primary
use to which strests are dedicated, it is nevertheless an important
one. No reasonahle private use of the road should be prohibited or
restricted, unless public demands for more essential use become pres-
sing. On this principle, parking should be permitted on all roads and
streets for as long a period as it does not interfere with requirements
of traffic movement.

1.3. . Therefore, the curb parking problem involves primarily a
study of the supply and demand for parking and for traffic
movement and of the best possible balance between the two con-
flicting uses. Where curb parking is permitted, there is need for
studying the most satisfactory regulation. Generally, the justifiable
demand for additional parking must be provided by ofi-strect lots or
parking garages.

2. ‘GROWTH OF MADRAS CITY

2.1. Madras City, the capital of Madras State, is growing
rapidly in area and population. During the recent years various
industries have sprung up in and around Madras City. The Madraxs
Harbour, the second largest port on the East Coast of India, is also

-
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growing. Conscquently, the trafiic on the city roads have increased
tremendously in recent years. But the improvements to roads have
not kept pace with tho increase in traffic. Although surfzece im-
provements were earried out, very little was done for the improvement
of geometrics. A substantial milage of city roads has thus become
operationally unsafe. With the rapid increase of automobiles, the
problem of accommodating and expediting the movement of fast
moving vehicles along with the slow moving cycles, hand-drawn and
animal-drawn vehicles has become morc important. The existing
narrow city roads have not met this derand satisfactorily.

3. IMPROVEMENT OF MAJOR CITY ROADS

3.1.  Mount Road, Poonamallee High Road and Wall Tax Road
are the three most important roads in Madraz City, Plate 1. Theso
roads form link to National Highways within the city limits and
connect the various industries located in and around Madras City.
Ir. is proposed to talic up the improvements of theso roads with o
view to obtain smooth, safe and quick trafiic movements. Mount
Road, the fashionable shopping centre, is in the heart of the city.
Improvement of a short length of Mount Road between Air India
Office and Spencer & Co. has been taken up as a pilot seheme.

4. PILOT SCHEME

+1. The existing width of the carringeway between Air India
Office and Spencer & Co., excluding the footpaths, varies from 60 o
102.ft. The pilot scheme for the improvement of Mount Road
envisages the widening of the carringeway bevond intersections
to 84 ft uniformly to provide additional lanes for the movement
of traffic. The 84 ft width of carriageway will consist of two lanes,
8 ft wide each, for eycle track, four lancs, 11 {6 wide each, and two
l:"znes, 12 1t wide, for fast moving trafiic.  Besides this, there will be
8 ft wide footpaihs on cither side of the carriageway. The troffic
survey conducted on 27-7-1060 revealed that the evelist {rafile con-
stituted nearly 50 per cent of the total traffic volume, Plate TL.
Hence it was decided to segregate the eyelists from the fast moving
traffic and to keep them in separate lanes, all along the road anid
even at the intersections opposite to Wellington and Spencer & Co.
At the intersections, the fast and slow morving vehicles are proposcd
to be sorted out separately into three lanes according to whether
they. want to turn left, right or go straight, The total width of the
carriageway at the interscetions will bhe 94 ft, 52 ft carringe width
for the traffic entering the intersection and 42 {t carrinze width for
the traffic leaving the intersections, Figs. I and 2, .
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210 THILLAINAVAGAM AND SRIHARI ON

4.2, The principal function of streets and highways being the
efficient movement of vehicles and pedestrians, curb parking in
Mount Road will have to be prohibited in some narrow places to

provide 8§t {t wide carriageway to accommodate the increased
volume of traific, Plate IIT.

In order to assess the actual demand for parking in this area
and to make necessary alternate provision forthe curb spaces lost

due to widening of ‘the carriageway, a parking survey was con-
ducted.

3. PARKING SURVEY

5.1. Parking survey is made to estimate accurately the extent
of present parking at the curb and off the street, and to indicate
where and how much addifional parking space may be needed.
Usually, curb parking is considered as reserved for the short time
parker—one that requires an hour or less to conduct his business or
shopping. Off-street parking is generally considered to be for the
long time or all day parker.

G. TYPES OF PARKING SURVEY
6.1. The following parking surveys were conducted :
{(a) Compilation of a parking inventory.
{b) Study of usage of parking spaces,

(e} Cyecle parking.

7. LOCATION

7.1. The portion of Mount Road taken up for parking survey
runs south-west from I'ort St. George and is between Air India
Office and Victoria Technical Institute. The following roads join
Mount Road in the direction indicated against them:

Name of road

Direction
Dams Road West
General Patters Road East
Nellukara Veera Mudali Street (one-way street) ... East
Woods Road (one-way street) East
Club House Road {dead-end road) .. Tast
Binny’s Road West
Patullos Road Iast
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7.2, The parking survey also included portions of the above
cross roads as far out as were commonly used for parking by the
Mount Road traffic. For the purpose of the survey, Mount Road
has been assumed to run north-south and all cross roads east-west.

i
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8. TIME AND LENGTIH OF STUDY

8.1. The normal practice is to take parking survey for a week.
The parking survey taken for a week includes all the days in a week
and any special days like Saturday—a half holiday and Sunday—a
full holiday. Parking survey is taken for 12 hours between 7.00 a.m,

~ ' to 7.00 p.m.

R
T~
not considered necessary

< T
ST g~ T

\\\’\ ~. Such an elaborate survey was

in the present case. Hence it was decided to conduct the survey

during a normal working day when all the schools and colleges in
the city were open. The parking survey was conducted on
Tuesday, 11th October, 1960—a normal working day—from S.00a.m;
to 12.00 noon and from -£.00 p.m. to 8.00 p.m. The hours of
the survey were the same as those adopted for the traffic survey

conducted on 27-7-1969.

8.2. The parking survey obscrvations were done at every 10
minute interval. The eycle parking survey observations were done
at every 30 minute interval,

9. PERSONNEL

9.1. The parking survey was planned, supervised and analysed
by the Traffic section of the Highways Research Station, Madras, in'
co-operation with the Madras City Traffic Police and the Corporation

of Madras.

9.2, The observers for the survey were Trafiic Policemen,
Photo 4. The traffic regulations on all the roads were also done by thie
Madras City Police.

‘at Spencer intersections
(Not to Scule)

10. PRELIMINARY TRAINING

10.1.  Prior to the commencement of the parking survey, all
the supervisory staff of the Madras City Police and the Highways
Research Station were given detailed instructions as regards the

Proposed sorting portion in Mount Road



.)1
> ¢ 1N MouxT Roab -
214 THILLAINAYAGAM AND SRIHARI ON PARRING I

parking survey. The supervisory staff in turn gave detailed

! gilz ot @ 2 og
instructions to the Traflic Policemen. I T Pl N A — - — =
b t 2] [} ed f‘j = =
Eizlg 8% 8 E 34
;; vy - — Gt < = o
11. PARKING INVENTORY B i”“lﬁ o1 2 =
' w ., t =8 T
11.1. The parking inventory is the assembly of information E 3 - o1 2
about the location; extent, capacity, layout, type and operating =35 g [ T 1 Lo
characteristics of existing parking facilites, both at the curb and - o e
off-street. g §E Il I | B 2 I O
= ne | A8 =
0 g é oo S 8 ?l
11.2. Location 2 | A& k: \ [ I = I = =
The parking inventory was taken in Mount Road between Air P — \\"““"”T_l_—;——j_‘u—‘[d
India Office and Victoria Technical Institute and all the cross roads > . g L1 2 . @ 2
branching from Mount Road between these limits as far out as ) wE Ralk g o e a =
commonly used for parking by the Mouut Road traffic. 5 Ef’: l B [ 2 | & EL R S
<h | P e N S
a . — T
11.3. Procedure 2 1 « 2 T | = | '.3 !
S 2. 'A¢ - . S
Every curb face within the selected area was surveyed and ) ZTE a0 1 2 \ 3 =
inspeeted and using the curb inventory record form (Form 1), data - 5 Ev‘-«’ 8 b i = ooet
was collected for every type of space indicated thereon. When the g © S B T LT
curb parking spaces were not marked, the number of spaces were 29 E \ cel o2 11 a i3 l
determincd by allowing 20 ft per space for parallel parking and from 5 * EY: B k- N NS
§ ft to 16 ft per space for angle parking. Inthe case of centre 2 g8 \ 202 4 a g 1 =
street parking, such stalls wero marked. All the parking stalls o 2 = LS -
on the curb side and in the centre of the road were marked by [ ! T~ % ow
means of white paint lines 4 inches wide. The parking spaces in 3 2¢ | 5% R N « < 3 |
the various roads were divided into 23 sections and each parking = G |22 = T T e
stall in a section was given a serial number for easy identification, g Z3 | 3 S | i el - 53
Photo 1. 8 | z2 | = o
eI/ 2l = | 2 2 2 Z
In addition to this, an inventory of the existing private park- S R R S R
ing lot and garages available in this area was also compiled using o 1888 = > o o a 12 g
the off-street parking facility inventory form (Form 2). E SER] 2 =z 1 d = O S
3 RGN IR B —
11.4. Results a | . 5% ‘1 <IN S L
. 5 =3 z - =
The total curb footage and its break-up for Mount Road g.g; + = 2 2 S b é 13
between Air India Office and Victoria Technical Institute and other ' =T z g 1 & < “ -~ E
branch roads arc shown in Table 1. ______J_:_i T T "
v -4 A 4]
| = % = cZ = ;'-:
11.5. Parking Spaces . . B o2 2 2 8 % 073
L2 L% 3 ozE iR
The curb side parking spaces available on Mount Road (from f T oz 0z £ =T 3%z 0°
\ir India Office to Victoria Technical Institute) and other branch P& s A8 & 7 e
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roads are shown in Table 2.
TABLE 2

Showing curb side parking spaces available on various
roads

No. of parking spaces

g1 ) “\ Side

~No.| ~vame of road of  Parallel] Angle | Total : Remarks
. ewh _ | ‘
" : No. ! Feet No. i Fect No.' Feet
1. Mount Road East 34 612 124 880 158*% 1,501 * 14 par
West 54 1,080 — — 34 10sp king
spaccs
2. General Patters Road North 20 380 — — 29 g0 CPposito
o L.I.C.
South 38 1,000 10 140 G35 1,230 are not
N ) on curb
3. Necllukara Veera North 10 180 — — 10 180 buton
Mudali Strect South — ~— 6 48 6 48 footpath
4. Club House Road North 20 30 — - 20 350
South 12 24—~ — 12 214

11.6. Taxi Stands

There are three taxi stands on Mount Road (from Air India
Office to Victoria Technical Institute) as shown in Table 3.

TaBLE 3

“Showing the location of the taxi stands on Mount Road

; . Capacit
SL| | Side of . pacity
No i Name of road z ::1?1? Location - Remarks
| l l I\o.J Feet
1.  Mount Road West Opposite to Mount 4 — The taxi
Road Post Offiee stands  are

located on
the pedestr-
ian footpatha

2, Do. Last Opposite to Cosmo~ 12 - Do.
politan Club
3. Do. West Opposite to Govt. 8 — Do,

Arts College

Parxine 1§y Moust Roav 217
11.7. Bus Stops
There are ten bus stops on Mount Road (from Air India Office
to Victoria Technical Institute) and seven in other branch roads as
shown in Table 4.
TABLE 4
Showing the location of bus stops on various rouds

3 'i \ ;. Curb | —2
% . . Cityor * length ' =
—‘:;: Name of roand | Side Location : mcl)f?lssil ‘occupicd £
= i infeet =
£ | |
7
1. Mount Road Last Opposite to Kashmir  City or
Emporium mofussil 12y
Do. ' Opposite to Bharat
Insurance Co., ” v
J. Do. ' Opposite to V.81, }
& Co. o al)
4, © Do. ' Opposite to D-2 Police  City
Station 41
3, Do. West  Oppositeto Spencers » 39
Do. » Opposite to Govern-  City or )
ment Arts College  mofussil Y
7. Do. . Opposite to Indus- _
tries Emporium . o6
&, Do. » Opposite to Tara- N -
pore & Co. City 61
o, Do. ’e Opposite to Dhuns )
Building AMofussil 19
1o, Do. . Opposite to Old Post N
. Office building City 109
11, General Patters Opposite to  Globe )
Roead North  Theatre (rear side) v 6y
12, Do. . Opposite to Mid- ;
land Theatre ' SU
13. Do. . South  Opposite to Byrau- )
jung street » 6u
14, Do. ' Opposite to Bharat
Buildings N o0
15, Patullos Road South  Opposite to Good
Year & Co. . 33
16, Binny’s Road North Opposite to Govt.
Arts Collegd ' )
17, Do. South Opposite to Holel
Connemara ’s s

11.3. Petrol Bunks and Service Statioas
There arc six petrol bunks and service stations on Mount Road
{from Air India Office to Victoria Technicul Institute) and onc on
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General Putters Road as shown in Table 5.

TABLE 5

Showing the location of petrol bunks and
service stations on various roads

. { i - Curb
Sem{?l i Name of road Side Location ?Oi;;;]flflf, length
. : pany inectf
1. Mount Road Tast  Adjoining Cosmo-
politan Club Caltex 86
2, Do, . Adjoining Irani Hotcl Standard
Vacuum 74
3. Do, " Adjoining Globe
Theatre Burmah-
Shell 98
4, Do, v Adjoining George
Qakes Do. 133
3. Do, v Adjoining the ahove
bauk Stanvae 100
6. Do, . Adjoining  Victoria
Technical Institute Caltex 150
7. General Datters North  Adjoining Baba Arts
Road near Woods Road Do. 82

11.9. Corner Clearance

The corner clearance on Mount Road given at the various
Intersections by the posting of *No Parking’

Table 6.

TanLE 6

Showing the corner clearance on Mount Road

sign is as shown in

Crt )
“‘Clifc?l Name of intersection Name of road | Side Cliim;:.:tce
1. Intersection of Mount Road and
General Patters Road Mount Road ITast 91
2, Da. ' » 15t
3. Intersection of Mount Road and
Club House Road ’e ys 86
4, Intersection of Mount Road and
Patullos Road ve . 62
3. Intersection of Mount Road and
Binny’s Road . West 150
G. Do. 23 2y 183
7. Intersection of JMount Road and
Dams Road : 400

8. Intersection of Mount Road and

Blackers Road

3590

Parkive 1¥ Mouxt RoAp

11.10. MNo Parking Zone

12
-
[Ze)

Tn the following places, parking reatrictions have })eex1 postfd
in addition to the prohibition at the corner of intersections on the
various roads as given in Table 7 :

TaeLE

7

o ) .
Showing the footage of the * No parking zones’ on various

roads

Sl

No.

Name of road

“No Parking® zona (fect)

Afount Read
Ctencral Patters Doad
" Nellukara Vecera Mudali Strect
Woods Road
Club House Road
Patullos Road
Binny’s Road
Dams Road

11.11. Centre Parking

Centre parking is provided in Mount Roid alone at two places
as shown in Table 8. (Photos 2 and

TADLE

3.)

8

Showing the location of centre parking on Mount Road

81,
No.

1.

\

Location of contre |

! No. of spaces

;} Parti-
i culars

'
e

SO-minne

Namo of road | parking o |
] ' Angle |Parallel . Total |
i o , i
Alount Roal Opp. to Duhari 16 — 16
Do. Opp. to Bata Shee
? o Co. 9 — 9

te patks
ing zone
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11.12. Off-street Parking

No public ‘off-street parking”’ is provided in this area. Only
private parking to serve the employees and customers in the various
public and private buildings has been provided. The details of
tho available garages and parking spaces in some buildings are
given in Table 9.

TasLn 9

Showing the details of private parking in some buildings

| ) - Nu. of

|
| i
K1, ( i Owner of | No. of p)“:')l"iolfr* parking
o l Name of road \ building Egnrngvs e ngecﬁ Remarks
J | i;\\'nh aisles: packed
| i f
1. Mount Road L.IC 11 Nil Nil
2. Do. Tarapore & About 40
Co., Dhun ears are
Building 6 — - found
parked
inside

12, STUDY OF USAGE OF PARKING SPACLES

12.1. Perhaps the most valuable information is the supply of
and demand for parking space in each block of the Central business
zone. Presented both in map form and figures, these findings show
clearly the areas of congestion and surplus space and permit a
quantitative evaluation of deficiencies.

12.2. Procedure

The curb face in Mount Road from Air India Office to Victoria
Technical Institute aud other branch roads was divided into 23
sections. The maximum number of parking stalls in a scction wag
35. Each curb face and each lot was toured by an observer every
ten minutes from 8.00 a.m. to 12.00 noon and from 4.00 p.m. to
8.00 pm. Each observer was assigned no more space than could
be covercd in ten minutes including ‘his return to the starting point,
The parking usage study form (Form 3) was used for this purpose.
Depending upon ‘the number of parking spaces, one or more sheets
were used for each curb face. The parking usage form had
previously added to it in the title space, the date, the day of the
week, the time of observation to which the form related and a des-

Centre parking in
Mount Road opposite
to Bata Shoe

Photo 1

Parking stalls
numbered for easy
identification

Photo 2

Company

Photo 3

Centre parking in
Mount Road opposite
to Buhari
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Photo 4

Photo 6
Observer (traffic policemen) recording

Vehicles parked on footpath
the number of cars parked in stalls in no parking zome

r

BT bl R

Photo 7

Photo 5

Cycles parked on the pedestrian footpath
reducing the usable width of footpath
and causing obstruction to the movement
of pedestrians

Parallel parking interferes least with
movement of traffic—parallel parking
in General Patters Road
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TanLE 10 ’
Length of time vehicles parked on Mount Road - | - } ;} T
2 T U S [ e e r e e e e e e e e ]
v [ﬁ i
No. of vehicles parking for § . i_ ;
5’?‘@’/?’ f/-‘] w ! 7] n ; % S N T ;77- “v-~- T -—‘;";
et bR e e e "
z =] 2 = N 5 S RO H .
=5 27 |8f (RS 84 %E L5142 @2 5
AT o b b
V.I.L to Binng’s  AJLD 31 ) 11 Pyl g ‘
Road ) PO ‘1’3 e i: _4: i ! \ _I ‘ 2 =] - :_)~3L“ """"""""""""" Sl B S e ;
. “ [ S - - b
Binny's Road June- AM.| 23 \ 5 9 ; © ¢ ©
tion to M.E.S, . s Sg’ g o < — | - 2 l 1] — -] Ity T S-Sl H T G
Road T {',‘4—"-;1i-—§1 g R | ~
WIS Rosd June-  AM| 36130 61 7. 4| 4 5! z ﬂ.; IR 1 TmTLTTET
tion to Industries D.3I, gé | Eg | g | Z ! % S E 2 ! 1 qu e [] 3 =
Emporium P { [ = \} & 7,3 : - IME & ¢ @ o g & Q 8 8 &
i : i : ! . T 1 [e] i o ' \ 3 e ~
Industrics Empori- AAL[ 5 | 5! @ 3 ‘ 39 : it ‘”Y © d ¥ < g o] g ¢ 8 &
um to Dams Road POl 34 ¢ 3 ¢ 3 1 | = ' —1- \ i MINUTES s 2
Dams Roat vl 3 | e | T b . ‘ —
I?]]s[_lé‘??sdof{%ce %g\h :5;1 i 32 ! 1% 3 } — } —_— = == = Tig. 3. Length of time parked on Mount Road normal week day
PALG s O e e e 8 am.—12 noon  11th October, 1960 4 pm.—8§ p.m.
ALGs Oficeto. AM 8. 10| 3| 71 — | gt
Blackers Road Jn. PM.| 23 ' 12 [ 10| 9 | 4 | f I Ly —
Central Parking opp. AL} 44 Dag | s 1 9 “ 3 ’ I - - e e i £ T £ 2T T
th;B?gar;‘ P, 43 ‘ 29 | 21 5 ; 5 ; 5 - } 5 ! -
entral Parking opp. AL ; i | e e e e e e m e m e —mm e m e m = =
toBatn TP pAr) se Tt - l - 1o
Air India Office t A L T T
< ©to i ‘ P N | e e e m m e m s m = =
My Coffec Bar P.M. i§ | 1’71 RS i J A
o k. (g D 3 — i —_—
My Coffee Bar to AM| o7 1 15 [ G 1 5 : ‘ : ! |
General Paiters PAM. 45 | 93 | 7 4 = ~ 2l =] — A
Road Jn. T l’ e &
General Patters Road AJL| 32 (1 | : | ' ’ il
sRoad AM.J 32 " 36 | 20 o1 9 ! 6 ; 2
to State Bank Road P.OM.| 4§ 135 8 p 4! 3’ | g | % . S
State Bank Roadto  AM.| 290 = 13 L oa 5501 o ! 3
Cuion Company ~ POL/ 32 13 | (| a2 ' a ‘ i S R ¢
TUnion Company to AN ! i ! : A
; AML 40 12 Loy b :
Woeds Rocd PM. 41 . 16 - 13 1 ; : 1 ! % oo :’ e E
Woods Road to Cluh, AM. 12| g o' ¢ _ | =sg ! A
House Road Jn. PO ]5 Lo “ § ? % P “IL }1 ‘ 501 | e e e m e e ]
Club Houso Road to AM.| 14 o 2| 51 3| TN
Patullos Road PM i3 51 3 1 1 11‘ } 1,2 ‘ 5 - e I DL
Pattbullos Road June- AAL| 25 : 14 L, 5 o 1 l ; ;) \ i b
ion to Ceorge P 3 Coa o3 {— ©
Oakes ° 14 16 ' 3.1 P 21 a2l — . . . . . . . . . . . .
o i j \ i 8 MA? 0 u 12 t 2 z A 5 6 7
- | -— - oo ot
Total AL 439 l277 . { 67 ‘ 381201353 20 Fiz. 4. rC:(:n-bl parking on Mount Road
PAMLI481 (261 |125)1 54 | 26 ; 26 | 43 ‘ 16 1 Movements and Accumulation by 10 Minute Periods.
: ! : i i + Normal Week Day, 11th October, 1960. Total parking spaces

|

available 237
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Photo 8

Parking garages (11 Nos.) provided for
the Life Insurance Corporation building at
Mount Road with a floor area of

89,000 sq. ft.

P

Photo 9

Informal parking space (14 Nos.) opposite
to Life Insurance Corporation building
at Mount Road. The occupancy rate at

this place is very high
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cription of the location. One form for each section of the curb face
and for every hour was used. Before commencement of the survey,
the prevailing weather condition and the name of the observer was
also recorded in the form.

The first tour by the observer was started at about 7.50 a.m.
since it involved gathering of more details and required upto 20
minutes. On the first tour, the observers recorded every car or
truck parked at the curb, whether in a legal space or elsewhere.

" The form provides one line for each legal space and one or more

lines for each of the various restricted spaces that may be present.
The linc opposite the point where each vehicle was found was used.
An exception to this was when vehicles were parked double or in
informal spaces.  These were recorded in the extra lines provided
in the page. An informal spacc is any space not at the curb
and not in an established lot or garage oran irregnlarand temporary
space such as on a sidewalk, lawn or front yard, ete.

On the first tour (beginning at 7.50 a.m.) the registered number
of all the vehicles present were rccorded in the first column (headed
8 a.m.). All the registration numbers of commercial vehicles were
underlined (5349) to distinguish them from other vehicles. In the

case of motor cycles and scooters, the letter ¢S’ was noted.

The first tour—requiring 20 minutes—was completed before
8.10 a.m. All the subsequent tours, one every ten minutes, were
started from the same point and following the same path as the 7.50
a.m, tonr.

On each subsequent tour using the appropriate colunn, a check
mark (v/) wis made for each vehicle found on the preceding tour
and was still present ; for each new vehicle, the registered number
was recorded. The record concerning any vchicle or vacancy on
each tour was as seen by the obscrver at the moment he passed the
space.  No allowance for what was seen just before or just after:
passing the space was made. Registered munbers were recorded
only to permit an estimate of the demand in terms of time.

12.3.  Results

_ The length of time purked by the vehicles in Mount Road is
given in Fig. 3 and Table 10,

The accumulation of vehicles at the curh and centre of
street parking in Mount Road, General Patters Road and all the
other roads together in this area during the period between S.00
a.m, and 12,00 noon and from -£.00 p.m. to S,00 p.m. are given in
Figs. 4, 5 and 6, and Tables 11 aned 12
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13. CYCLL PARKING

13.1. The accumulation of cycle parking on footpaths oppo-
site to various buildings was noted.

13.2. Location

This study was restricted to Mount Road between Air India
Office and Vietoria Technical Institute and General Patters Road.

13.3: Time and Length of Study

The eycle parking survey was conducted between 8.00 a.m,
and 12.00 noon and from 4.0 p.m. to 8.00 p.m, The ecycle accumu-
lation during every 30 minutes was noted.

13%. Procedure

Mount Read between Air India Office and Victoria Technical
Institute was'divided into 3 sections and the Goneral Patters Road
into one section. The length of each section was such that an
observer was able to cover if easily in 30 minutes including his
return to the starting point. ILlach scction of the road was toured
by an observer every 30 minutes. The ecyele parking accumulation
study form provided had previously added to it in the title space,
the date, the day of the weck, the time of observation to which the
form related and a description of tlic locaticn. One form for each
section of the road was used. Before commencement of the survey,
the prevailing weather condition and the name of the observer was
recorded in the form,

The first tour by the observer was started at about 7.50 a.m.
sines it involved gathering of more details and required 40 minutes.
On the first tour, the observer noted the name of the building in
column 1 (Torm 4) and the number of cyeles parked opposite to
this building in column 2 (headed $.00 a.m.). On each subsequent
tour, the number of cycles parked opposita to these buildings was
noted in cclumns 3 to 9 headed 8.30 a.m. etc.,, and so on. No
allowance for what was seen just before or just after passingthe
building was made. The number of cycles was recorded only to
permit an estimate of the demand of parking spaces for cyeles.

13.5. Results

The accumulation of eycles in Mount Road during the period
between 8.00 a.m. and 12.60 noonand from 4.00 p.m. and 8.00 p.m,
- is given in Fig. 7. '
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14. ANALYSIS AND RECO.\II\IENDATIONS

14,1, Curb Parking

1411, In Mount Road, thero age 937 .

. ‘ oad, 16 are 237 spaces for marki
slﬁfve?aé;?ufﬁ- cllgilan.d jn Mount Road as observed duii?li{\lgllgé
jmppovem,.t A \1{ parking spazes, Table 11. By the prooo*ed
o en ~0 Mount Road o provided jn the 1>ifot schemep zh
ark ?:slr)acca will get reduced to 109 spaces, Plato IV H’ S
gurbnamokfxrrangezélents will h‘avc to bs made fé)r the pro:»fisioxelnc;
T Bovii ey it b i i et ol el
. - b ! )r e sl i '
i'gfldaﬁl;e jc w’hxch'the automobile gra.efcﬁhcnfsniifiiasig?'mtlﬁzr(llszn thg
Hen};e itui]sanleuccébs’ rmve ’fo 109 per cent within the i’ext 3 ye:?s
ayee it Is ne uastary CVEN now to foresee the future requirements:

and m 1,4 kg te provisions, Assuming a 100 per cent increa
otal parking demand will be about 348 vehicle spaces crease,
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14.1.2. Tt issugeested that the parking demand may be met by :

() Restricting the parking time on the curb side in
Mount Road to 30 minutes. The traffic survey
revealed, Fig. 3, that 72 per cent of the parkers
required only about 20 minutes. The long time
parkers were generally found opposite to business
cstablishments. Tt is presumed that they may be
employees working in such establishments.  The
restriction of 30 minutes is proposed to induce the
establishments located along Mount Road to make
adequate provision themselves for parking for their
employees within their own premises.

(b) Provision of curb side parking in the following
branch roads:

(i) Club House Road 26 parking spaces
{ii) Binny’s Road 20 parking spaces.
(¢) provision of off-strect parking in the following places:

(i) Open space in front of Cos-
mopolitan Club, Mount Road 13 parking spaces

(ii) River margin adjoining the
Cooum river in Dams Road 10 parking spaces

(iii) Open space in Government
Arts College, Mount Road 235 parking spaces.

14.1.3.  In General Patters Road (between Mount Road junction
to Woods Road junction), there are 29 spaces on the north side and
68 spaces on the senth.  The maximum demand in this street is for
60 spaces.  In the pilot scheme, it is proposed to make General
Patters Road a one-way road, allowing only entry of trafic from
General Patters Road into- Mount Road. This arrangement makes
available two lanes of 11 ft each for fast moving traffic and two
lanes of 8 ft each for cyclist traffic and one parking lane of S {t. It
is proposed to allow parallel parking on the southern side of General
Patters Road, besides accommodating the bus stops.  This arrange-
ment provides for 6S parking spaces as against the maximum
demand for 60 parking spaces.

I4.1.4. At present, the vehicles ars parked in a disorderly
manner along the curb, some vehicles parking parvallel and some
vehicles parking at an angle. The parallel parking, Photo 5, inter-
feres the least with the movements of traffic as compared to angle
parking, Figs. 8 and 9. Where there.are ‘No Parking’ restric-
tions the vehicles are parked on the footpath, Photo 6, causing great
inconvenience to the pedestrians,  Tn some places, the vehicles are
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Fig. 8. Angle parking

parked across the pedestrian cross-walks also. Section 81 of tho
Motor Vehicles Act reads *“ No person in charge of a motor vehicle
shall cause or allow the vehicle or any trailer to remain at rest on
any road in such a position or in such a condition or in such
circumstances as to cause or bo likely to cause danger, obstruction
or undue inconvenience to otber users of the road ”.

The above provision in the Motor Vehicles Act iz not adequato
and specific. Hence it is suggested that alaw should be enacted
prohibiting stopping, standing or parking of vehicles, on a sidewalk,
within an intersection, on a cross-walk, or upon any bridge. Park-
ing of any vehicle for the purpose of displaying such vehicles for

o=
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sale, or for washing, greasing and or repairing such ve{hm‘.esi Cﬁ:%t
for repairs necessitated by an cmergency, :ehonld also e &)‘r'? i ol
No person should be allowed to park & vehiele on 1.’!.. rc«i‘ Mlﬁ""cc%lir;n
than parallel with the edge of tho readway, headed in the i -
of lawful traffic and with the left-hand wheels of tho vehiele ‘ W:“:le
18 inches of the curb or the edg: of the 1‘0:1(1}}‘:1}' C‘XCC_Pt ﬂ“'%%o{ “j\}iq
parking has been indicated. In this connection, Articles X111 f"oad;
and XVI of Model Traffic Ordinance issued by the Public Roads
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Administration, Federal Works Agency, U.S.A., as modified,
Annexure 1, are suggested for adoption.

14.2.  Cycle Parking

At present cycles are being parked at 90° to the direction of
curb on the pedestrian footpath, Photo 7, causing great
inconvenience to the pedestrian movement. Conszquent on the
widening of the roadway to provide for additional traffic lanes,
the footpath widths in many of the places have been reduced
to 8 ft. On account of the presence of window displays, ete., attract-
ing pedestrians, a footpath width of 3 to 4 ft is also lost for the
movement of pedestrians. Hence it is necessary that the pavement
parking of cycles on the footpath should bo prohibited. In this
connection it is also suggested that betel shops and other petty
transactions causing obstruction to pedestrians should be located
away so ag to cause least obstruction to pedestrian movement.

Sufficient attention has not been given to the provision of
parking places for pedal cycles while their riders go about their
business. Cycles left stationary, often precariously, at the curb side
or against a wall or fence, obstruct vehicular and pedestrian traffic
and may be a source of danger. For this reason, as alzo to minimise
risk of theft or damages, consideration should be given to the
allocation of site equipped with stands or racks, preferably protected
from the weather. Such sites may be found in open spaces adjoining
shops and other business premises.

14.3. Private Parking

The analysis showed that the parking arrangements provided
for the employees and to customers in public buildings, private
buildings and theatres located in Mount Road, aré wgefully in-
adequate. The newly constructed Postmaster-General’s Office is an
instance where no parking facilities are provided for the public
coming to transact business. So much so vehicles are forced to park
on the footpath (where curb parking is prohibited, Photo 6),

The recently constructed L.I.C. Building with a floor area of
89,000 sq. ft. makes provision for only 11 garages for the employee
parking, Photo 8. No provision has been made for the parking of
customers. At present there are 14 informal vehicle spaces opposite
to 1.1.C. (Photo 9) and the present occupancy rate is very high. The
above instances show that it is necessary to enact zoning ordinances
enforcing the provision of off-street parking facilities whenever a new
or substantially altered building is provided. In this connection, the
parking spaces prescribed for the various buildings in other countrics
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are given in Annesure 2. Similar zoning regulations are worthy of
adoption in big cities like Madras.

14.4. Taxi Stands

The taxi stands are at present located on the pedestrian foot-
paths. Consequent upon the widening of Mount Road these have to
be located away from the road. It is suggested that the taxi f;t.m_lds
may be located in the following places in Mount Road by acquiring
the required land, Table 13.

TasLE 13

Showing the proposed locaticn of taxi stands

S r—— g g ———r
|
|

rm - g

© No. of taxis | Approxi-
. . . that can be | miite arca B )
[ N ocation of taxi sta . Remarks
81. No. Location of taxi stand AGCE TILITLO reruired C s
I.' i dated sq. ft.
1. Opposite to Xashmir Arts
Emporium 19 3,500
2, Corner cf Tarapore & Co. 10 2,600
3. Opposite to Arts College 22 1,100

14.5. Bus Stops

The bus loading zone lengths recommended by the Awmerican
Transit Association are given in Table 14, These standard lengths
have been adopted in Mount Road.

TapLe 14

Showing the standard bus leading zonces specified by
American Y'ransit Association

y
] One-bus stop ! Two-bus stop
Approximate bus 1 i .
seating capacity Near | Far oA | Near \ Tar Acid
gido -+ side i block side | side block
25 & less G0 an 83 90 &0 115
30 0 50 095 160 80 125
23 75 53 100, 110 60 135
40 — 43 §0 Co 1053 120 100 143
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1t is recommended that the bus stops may be located in the
places shown in Table 15 on Mount Road.

Tanre 15

Showing the proposed location of bus stops

; | . " City or I Length
81, No.| Name of street | Side Location i yor of zone
. ! | mofussil (1)
1, Mount Road  East Opp. to Kashmir Arts City or
. Empcrium mofussil 135
2, ’n ' 'e Opp. to Bharat
Buildings ’s 145
3. . ’ v Opp. to V.8.T, & Co. City 143
1. yy Vest  Opp. to Govt. Arts :
College ' 145
8. ' - Opp. to Reliance Motor City or
Company mofussil 143
6. . . Opp. to Tarapore & Co. . 125

At present there are four bus stops on General Patters Road
ag shown in Table 4. By the conversicn of General Patters Road
into one-way road, the existing two bus stops on the northern side
will cease to function. Hence provision has to be made for the bus
stops on the soutkern side only, opposite to Byranjung street and
opposite to Bharat Buildings. It is proposed to provide one bus
stop to accommodate two buses opposite to Byranjung street. The
bus stop opposite to Bharat Buildings will be removed as it is close
to the intersection.

14.6. Petrol Bunks and Service Stations

There are six petrol bunks and service stations on Mount Road
(between Blackers Road junction to Viectoria Technical Institute)
causing interruption to traffic by the vehicles entering and leaving
the petrol bunks and service stations. The number of bunks and
service stations may De gradually reduced by the stoppage of
renewal of liccnces and by prohibiting the opening of new bunks
and service stations.

14.7. Driveways

Driveways and alleys constitute about 11 per cent of the curb
spaces. Entrances and exits from Mount Road to adjoining propertics
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are allowed indiscriminately adding to the traffic hazard. The
entrances and exits have not also been properly designed to suit the
vehicles using them with the result these vehicles have to cut across
other traffic lanes to make an entry into or exit from the adjoining
propertics. Hence it is recommended that the entries and exits
from Mount Road should be limited and properly designed.

14.8. Parking Signs

¢No Parking Zone ’ has to bz indicated by means of ‘ No Park-
ing’ signs as specified in tl}@ IXth Schedule (item No. 3) under

Mandatory signs, Fig. 10, of the otor Vehicles Act. To this sign, a
plate is added indicating the time during which parking is

1 BLATK

BACKGROUND WHITE—ARROW BLACK
Note: Arrow may point in either dircetion. Space below arrow to indicate
times during which parking is prohibited if nccessary. Letters and
figures to be 2 in, high. ‘

Te bLe used in conjnnction with S8izn No, A-3.
Fig. 10-A. Special parking sign
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prohibited. In addition, there is also a single or double headed arrow
to indicate the direction in which the regulation is in effect,
Fig. 10-A. .The arrows are also added to the main sign (Photo 6).
The period during which parking is prohibited is, however, not
indicated.

It is suggested that the time during which parking is prohibited
may also be noted and parking sign, Tig. 11, standardised for uniform
adoption. Where parking is permitted {or a restrictéd time or during
certain hours, special signs as shown in Fig. 12 may be posted.

.

@ : N B

N0 30

D MINUTES

O30 R | | QAR-7RE.
= >

& _ k—' )j
Fig. 11. Fig. 12,
Size 12 in, X 18 in. Size 12 in. ¥ 18 in. »
Backgreound white letters Background white letters
red red

Parking sign in residence and business districts may be
mounted not less than 7 {4 nor more than 10 ft above the top of the
curb, and with no part of the sign less than 1 foot away from the
face of the curb. They may bo sct at an angle of not less than 30°
nor more than 45° with a line parallel to the flow of traffic so as to
be visible to approaching traffic, Fig. 13. Where the zone is longer
than 200 {t, signs showing a double arrow will be needed at inter-
mediate points within the zone at intervals not exceeding 200 ft.

14.9. Curb Markings for Parking Restrictions

Curb marking may be used to show where parking is prohibited
at all times. The curb marking may be of s=olid yellow colour
covering the face and top of the curb. Curb markings are recom-
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Height and lateral location of parking sign

mended only to show that parking is prohibi i
ended - parking is prohibited at all times. Ot
restrictions should be shown by standard parkinz signs. ; ber

14.10. Markir; Parking Stalls

" ?etrklng stalls outlined or indicated on the pavement or curb
are valuable in promoting orderly parking.

Parallel parking limits may be indj

- ark _ ay be indicated on the pavement by
il;li; 'm‘arked potjpcndxcuh}r to the curb and oxtondlin" into tll){?‘
The ;‘;:136. mTh'u;J w;lqti} ]re?uu'ed by a parked vehicle is usc':ml]v S ft.
ay be divided into stalls by the use of lines cndi :
fo the ey be di ¥ the use tmes perpendicular

and £o spaced that cach stall is long crouch to ae 1
;i'?lte (ine Darked vehicle (usually 20 to 22 ft). 1n this CZ;(, C?rill:lé?;
ine (4 ¢t long) parallel to the curh may be placed at the end c;‘f nch

stall line indjcati :
Fig. 14 ¢ indicating the outside boundary of the parking zone,

Angle parking is rally
. Jparl generally not desirable thouch occasi ;
1t may be’Jus’mﬁed, as for example, on an unusuaclly w?gzlc’;:\l*g
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ment. Where angle parking is permi

ment, _ang <mg1s permitted, the markine of Jj

indicate the Jimits of the stall enables all drivers to ] arlglggstlto

same angle with a minimum of waste space, Fig. 14 P e
, Fig. 14,

R

IGHT. ANGLE PARKING .
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Lines indicating parking space limits
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All lines for parking spaces may be solid white lines 4 in. wide.
The parking stall dimension given is between the centre of the
width of the white lines.

14.11. The parking problem is not new. It has been with
ws and grown in many loecalitics since the rapid rise in automobile
nze. Faced with rising vehicular traffic and unprecedented neads
for off-strcet parking, merchants and business organizations together
with loecal authorities have in many cities Leen intensively
surveying the situation and studying possible remedies. A limit
nust be set to the time a vehicle is allowed to wait on the carriage-
way while its occupants do business in adjacent premises., Generally
the length of this period will not be less than ten or more than
thirty minutes. It is, therefore, recommended that curb side
parking may be limited to 30 minutes and cars which are required
to remain stationary for a longer period should Lo left in car
parks,

1412, The Corporation should make available in the public
car parks sufficient space to mect the whole of thic probable demand.
This is especially so in Mount Road, where the mnature of the

‘development prevents the majority of privatz enterprises from

making provisions within boundaries of their sites. The distri-
bution of car parks should be carefully considered. XMoter car
owners wish to park their cars as near their destinations as is
possible. For this recazon, o greater number of small parks is
preferable to a few large ones. Car parks may conveniently be
combined with scrvice stations and public conveniences.  The shape
of the site has an cbvious bearing on the layout of a car park.
It is found that in general the aisles take up rather more than one-
third of the space available for parking and togetlier with approach
roads, account for approximately 45 per centof the site. Some
savings can be mase if big cars are segregated, butb it will be found
that with the open access system, a gross arca approaching 200 sq.
ft. should be allowed for each car, if due allowance is made for
access roads, irregularities in manccuvring and opening of doors.
Four alternate layouts for surface car parks are suggested in Fig. 15,

14.13. A distinction should Le made buebween short time parkers,
like shoppers, visitors to offices, ete., and long time parkers. Short
time parkers generally need to Le closer to their destinations and
they can afford to pay the high cost of parking facilities in busincss
areas where the use of high-priced land is involved. Therefore, small
parking units for short time parkers may be scattered through-
out the business areas or immediately adjacent to them.
All-day parking facilities, on the other hand, may be
located on less expensive land on the fringe of the business area
and since proximity to destination is less important, the units
may be of much greater capacity.
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Fig. 15.
Layout of car parks

14.14. Lastly, parking restrictions are only as effective as the
efforts to enforce them. Regulations carefully related to parking
needs and impartially enforced help to achieve the best use of the
existing facility. .
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FORM 2

Mapeas StaTE Hionways axp Rurarn Works DEPARTMENT

Off-Street Parking Facility Inventory

:. Lot Garage Located on
sido of street between
and streets
2. Public Private Free Pay
3. Owner
4, Lot dimensions Area
5. Entrance ft in, from Street
Exit {t in, to Street
6. (If lot) No. of spaces with
aisles clear
if packed
(Tf garage) Clcar aisles Packed
No. of spaccs in .
Basement
Ground {loor
7. No. of attendants Open from AM. to P
& Rates
9. Approiximate total No. of
vehicles stored daily (est.)
10, Parking arca su-face type condition
11, Lighting
12, Sketeh layout on back of
this sheet, showingaisles,
stall arrangements, en-
trance and exits
13. Tield data obtained 196 —196
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FORM 3
MaprAs STATE Hionways AND RURAL WORKs DEPARTMENT
Parling Usage Stwly
Date: Day: Time:
Location : District : CITY/Taluk
Weather: -

Cbserrer:

Time | ‘Fime Time Time ;| Time T'ime Time | Thno
Wi st . — — | -
S1 Regd. b Ttegd. I}egd. Iiegd. ; }503(1. lfegd. Ifcgd. liegd.
~o. | No.ef | No.of | No. of | No.of | No.of | No.of | No.of i No. of
o cars cars cars cars | cars cars cars cars
purked | parked | parked | parked f»parked | parked | parked | parked

FORM 3 (a)

Parking Usage Study ; Page...
( fime | Tmme ! Time | ‘Lime Time 'Iimiz Time ’l‘imq
g1 | Regd, ¢ Regd. ‘ Regd, | Regd. | Regd. | Iicgd. Regd. | Regd.
{vo' ] No. of | No.of | No.of | No.of | No.of | No.of | No.of i No, of
SO0 cars cars cars |, cars cars cars cars cars
iparked { parked | parked , parked | parked parked | parked | parked
FORM 4
Mapras StateE Hicnwavs axe Rurarn Wonrks DEPARTMENT
Cycle Parting Study
Date: ) Day : Time :
Location : :
Weather:
Observer:
Time ;| Tune | Time [ Time ; Time | Tme | Time | Timo

No. of | No. of
cycles | eycles

| ey _hme :
Location| No- of - No.of | No,5f | No.of | No.of | No. of
I parked ! parked

i cycles ' cycles | eycles | cycles | eycles | eyeles
parked : parked | parked i parked | parked | parked t
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Annexure 1

METHOD OF PARKING

(Extract from the Model Traffic Ordinance issued by Public Roads Adminis=
tration, Federal Works Agency, U.S.A.)

'Standing or parking close to curb:

XNo person shall stand or park a vehicle in a roadway other than parallel
with the edge of the roadway headed inthe direction of lawful traflic movement
and with the left-hand wheels of the vehicle within eighteen (18) inches of the
curb or edge of the roadway except as otherwise provided in this article.

Signs or markings indicating angle-parking:

(a) The engineer shall determine upon what streets angle-parking shall
be permitted and shall mark or signs such streets but such angle-parking shall
not be indicated upon any National or Siate Highway within the city unless
the State Highways Department has determined that the roadway is of sulfi-
cient width to permit angle-parking without interfering with the free move-
ment of trafiic.

(b} Angle-parking shall not be indicated or permitted at any place
where passing traffic would thereby be caused or required to drive upon the
right side of the street or upon any street car tracks.

Obedience to angle-parking signs or markings:

Upon those streets which have been signed or marked by the engineer for
angle-parking, no person shall park or stand a vehicle other than at the angle
to the curb or edge of the roadway indicated by such signs or markings.

Permit for loading or unloading at an angle to the curb :

(a) The engineer is authorised to issue special permits to permit the
backing of a vehicle to the curb for the purpose of loading or unloading mer-
chandise or materials subject (0 the terms and conditions of such permit.
Such permits may "2 issued either to the owner or lesseo of real property or to
the owner of the v_hicle and shall grant to such person the privilege as there-
in stated and authorised Lerein. :

(b) It shall be unlawful for any permittco or other person to violate
any of the special terms or conditions of any such permit,

Lights on parked vehicles:

@ Whenever a vehicle is lawfully parked at night time upon any street
within a business or residence distriet no lights need be displayed upon such
parked vehicle,

_ (b} Whenever a vehicle is parked upon a street or highway outside of a
business or residence district during the hours between onc-half hour after
sunzet and onc-half hour before sunrise, such vehicle shall be equipped with
one or more lamps which shall exhibit a white light on the recadway side
visible from a distance of 500 fect to the front of the vehicle and ared light
visible from a distance of 500 feet to rear.

. (¢) Any lighted headlamps upon a parked vehicle shall be depressed or
dimmed.
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Stopping, standing, or parking prohibijted in specified places:
Stopping, standing or parking prohibited. No signs required.

_ (a) No person shall stop, stand, or park a vehicle, except when necos-
sary to avoid conflict with other traffic or in compliance with law or the
directions of a police oflicer or traffic control device, in any of the following
places: -

1. On a sidewalk;
{ 2. Infront of a public or private driveway ;

3. Within an intersection ;

4. Within 15 feet of a'fire hydrant ;

5. Ona crosswalk ;

6. Within 20 feet of a cross walk at an intersecction ;

7. Within 30fect upon the approach to any flashing beacon, stop

sign, or traffic-control signals located at the side of a roadway ;

8. DBetween a safety zone and the adjacent curb or within 30 feet of
points on the curb immediately opposite to the ends of a safety
zone, unless the city traffic engineer has indicated a different
length by signs or markings ;

9. Within 50 fect of the nearest rail of a railroad erossing ;

10.  Within 20 feet of the driveway entrance to any fire station and
on the side of a strect opposite the entrance to any fire station
within 75 feet of said entrance (when properly sign posted).

11. Alongside or oppositeany street excavation or obstruction when
stopping, standing, or parking would obstruct traffic;

12, On the roadway side of any vehicle stopped or parked at the edge
or curb of a street ;

13. Upon any bridge or other elevated structure upon a highway or
within a highway tunnel;

14, At any place where official signs prohibit stopping.

(b) XNo person shall move a vehicle not lawfully under his eontrol into
any such prohibited area or away from a curb such distance as is unlawful,

Parking not to obstruct trafiic:

No person shall park any vehicle upon a street, other than an alléy, in such
a manncr or under such condition as to fcave available less than 10 feet of the
width of the roadway for free movement of vehicular trafiie,

Parking in alleys:

No person shall park a veliele within an alley in such a manner or under
such conditions as to leave available less than 10 feet of tho width of the
roadway for the free movement of vehicular trafiie, and no person shall stop,
stand, or park a vehicle within an alley in such position as to block the
driveway entrance to any abutting property.,

All-night parking prohibited :

No person shall park a vehicle on any street for a period of time longer
than 30 minutes between the hours of 2 am. and 5 aan. of any day, except
physicians on emergency calls,

1o
S]]
w
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Parking for certain purposes prohibited :

No person shall park a vchicle upon any roadway for the prineipal
purpose of :
(1) Displaying such vehicle for sale.

(2) Washing, greasing, or repairing such vehicle except repairs neces-
sitated by an emergency.

Parking adjacent to scheols :

(a) The engineer is authorised to_erect signs indicating no parking
upon either or both sides of any street adjaeenlt. to any school property when
such parking would, in his opinion, interfere with traffie or create a hazardous
situation.

(b) " When official signs are erceted indicating no parking upon either
side of a street edjacent to any school property as authorised herein, no person
shall park a vehicle in any such designated place.

Parking prohibited on narrow streets:

(@) The engineer is hereby authorised to erect signs indicating no park-
ing upon any street when the width of the roadway does not exceed 20 fect, or
upon one side of a street as indicated by such signs when the width of the
roadway dees not excecd 30 feet.

(b) When official signs prohibiting parking are erected upon narrow
streets as authorised herein, no person shall park a vehicle uponany such strect
in violation of any such sign. : ‘

Standing or parking on one-way streets:

The engincer is authorised to erect signs upon the right-hand sido of any
ore-way strect to prohibit the standing or parking of vehicles, and when such
signs are in place, no person shall stand or park a vehicle upon such right
hand side in violation of any such sign.

Standing or parking on one-way roadways :

Inthe event a bighway includes two or more separate roadways and
traftic is restricted to one direction upon any such roadway, no person shall
stand or park a vehivie upon the right-hand side of such one-way roadway
unless signs are erected to permit such standing or parking. * The engineer is
authorised to determine when standing or parking may be permitted upon the
right-hand side of any sueh one-way roadway anit to erect signs giving natice
thereof.

No stopping, standing, or parking near hazardous or congested places :

(a) The engineer is hereby authorised to determine, designate by proper
signs places not exceeding 100 feet in length in which the stopping, standing,
or parking of vehicles would create an espeecially hazardous condition or would
cause unusual delay to traffic.

(b) When official signs are crocted at hazardous or congested places as
authorised herein, no person shall stop, stand, or park a vehicle in any such
designated place.

Stopping, standing or parking restricted or prohibited on certain streets:

Application of articles : The provizions of this article prohibiting the
standing or parking of a vehicle shall apply at all times or at those times



“stop a vehicle to avoid conflict with other traflic or in compliance with the
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herein specified or as indicated on official signs except when it 1s necessary to
i 12 1

directions of a police officer or official trafiic control device,

Regulations not exclusive :

The provisions of this article imposing a time limit on parking shall not
relieve any person from the duty to obscrve other and more restrictive provie
sions prohibiting or limiting the stopping, standing, or parking of vehicles in
specified places or at specified times.

[

Parking prohibited at all times on certain streets:

When cigns are erceted giving notice thereof, no person shall park a
vehidle at any thac upon any of the streets described,

Parlking prolibited during certain hours oin certain streets :

Wkhen signs are erected in cach block giving notice thercof, no person
shall stop, stand or park a vehicle between the hours specified of any day
except Sundays and Public holidays within the district or upon any of the
streeis described.  Stopping, standing, or parking is prohibited during cortain
hours on certain streets.

Parking time limited on certain strects :

When signs are crected in each block giving notice thercof, no person
shall park a vchicle for longer than at any time between the hours of

) a.m. and( ) p.m. of any day cxcept Sundays and Public holidays
within the district or upon any of the streets described.

Parking signs required :

Whenever by this or any other Ordinance of this city any parking time
limit is imposed or parking 1s prohibited on designated strects it shall be the
duty of the engincer to ercet appropriate signs giving notice thereof and no
such regulations shall be effective unless said signs are erected and in place at
the time of alleged offence. ’

8
<
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Annexure 2

Parking space prescribed for the various buildings in
other countries

One parking space required for each f
| No. of citiea
represented

Type of buildings

Range of middle

Average oo
~“'J
o | !
Theatres, anditoriums, 4 :
ete. . 7 seats i 1-10 scats i 24
i !
Retail business 400 sq. {t. ( 300-500 s ft. * 3
|
Oftice buildings 160 sq. {6, 00 sq. i ¥E
P 300 sq. f1. 3
I 500 gq. ft. i
Restaurants (see notes) 30 sq. {t, F* :
. L1600 sq. 1t
| O seats 3
i |
Hotels 1 guest rcoms I 83— guest rooms 14
Irdustrial buildings 3 cuployees . 2-femployces*rx 3
750 &q. ft. | 400-800 s ft, | 4
| i
! !
Single dwellings 1 unit i 1 unit ! 11
! :
Multiple dwellings @ | 13 units 1-3 units ; 33

Notes:
* Usually square feet of space devoted to sales.

** Represents all three having such requirements.

A * One per 50 square feet devoted to patron use, one per 100 square
fect of total floor area.
*ikx P

arking requircinents based on nwnber of employecs and on
gross floor arca shown separately.

@ Represents grouping of all arcas where multiple dwellings are
permitted.  Usually more parking space per dwelling wnis is required in
the higher class dwelling areas than in comparatively I grade areas,
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SYNODPSIS

The Paper deseribes  the two  recent failures, at articulation, of two
impertant heidzes in Bihar. One of the bridges was constructed hardly
9 years hack while the other was constructed about 19 years back., The
nature of the failures, the various causes leading to failure and the remedial
measures adopted have leen discussed. General principles of design of
articulation and certain suggestions relating to both design and eonstruction
have alvo heen discussed.

1. INTRCDUCTION

L1, Articulations of bridges arc the most vulnerable part of a
road bridge and there is every rcason to give special attention to
their design, construction and maintenance. Every beam structure
has some sort of arrangement to allow for movement cither due to
load or temperature.  Generally, therefore, one end of the beam rests
on a fixed bearing and the other end is free, A fixed end is fixed in

*Superintonding Engineer, P,W.D., B. & R., Bihar,
**Bridge Designing Officer, P.W.D., B. & R., Bihar.
***Lxecutive Engincer (Designs), P.W.D., B. & R., Bihar.
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position only, it allows angular rotation and translation. From
considerations of cconomy, plate-bearing arrangements are usually
provided for short spans as roller and rocker arrangements are costly.

type supporting short lengths of suspended xpans, plate-bearing
arrangements for the suspended spans at the scating of the canti-
lever end, are very cominon. Their proper design and construction
should be a matter of great importance.

1.3. Dccent failures at the articulations (which arc «iso termed
by some bridge engincers as < brackets athinges ™, os hinges ) of
two important high level 1.C.C. bridges in Bihar Lave foeussed
considerable attention of the engincers of this State to the problem
of both design“and construction of such articulations. The two
bridges are : .

{a)  ALharaghet Bridge over river Burhi  Gandak at
Akharaghat in the 2nd mile of Muzaitarpur-Sita-
marhi Boad, in North Bihar constrncted during the
vear 1952-53; and

(b) Gulsalri Bridye in mile 25111 of Grand Trunk Road
(National Highway No.2), constructed during the
year 1941-42.

1.4. Both the bridges are of the usual IL.C.C. cantilever-cum-
suspended span type which is popular and suited to the foundation
conditions obtaining in several bridges in this State. In North
Bihar and major portions of South Bihar, where differential
settlement of foundation cannot be avoided, this type of con-
struction is suitable. It has not only better flexibility but due to
the provision of cantilevers at both ends, the advantage of
economy, afforded by a continuous type bridge, is also achieved to
some extent.

1.5. Akharaghat Bridge is one of the Jargest R.C.C. high level
bridges constructed in Bihar. Its salient features could be scen in
Appendix 1. . The salient features of Gulsakri Bridge are in
Appendix 2.

1.2. In bridges of balanced cantilever-cum-suspended  span

2, TYPE OF BRILGL

1. Akharaghat Bridge
1.1. An outline drawing of the bridge has been given in
Plate 1. .

91.2. There are no cross girders between the two main girders.
Three diaphragm beams are, however, provided in the mainspan the
cantilever portion and two in the suspended portions, one in at the
articulation, there are no diaphragms and of course no cross gircer.

[
[e2]
~1

SoyE BrIDGE ARTICULATION FAILURLS

2.1.3. Bearings

1
214 Sliding plate-bearings were provided for the suspanded
spans laving one end free and the other end fixed.  Details of
sliding and fixed end bearings have bzen shown in Plate T-A

] 2.1.5. Tixed end arrangements consisted of 4 nos<. of 738 in.
dizmeter dowel bars in two rows. The dowels are 2 ft 3in. lone
of which the bottom 1ft 3 in. Iength was embedded in the scat for
the suspended spans at the ends of the overhanging airders. The
top -4 lngth was taken into the su-:pondc(f ;;Frers in I in
diameter slecves. No kead-sheet was provided between the Concreté
suriaces of the overhanging and suspended girders.

215, At the freeend sliding plate-Learingswere provided. The
arrangement consisted of a 2 ft x 1 ft 8 in. x Lin. thick top and
bottom mild steel plates witha } in. thick copper plate in between.
Flats of 21 in. % § in._ size were welded to the top plate to restrict
any Iateral movement. 7The top and bottom plates were fixed to the
suspended girder and overhanging portion of main girder 1'c;pccri\'clv
by means of 7/8 in. diameter welded anchor bars of 6in. length
cach. There are 4 nos. of anchor bars for cach plate. . °

2.2 Gulsakri Bridge

o . . f e pe .

'f"]' An outline drawing of this bridge showing the general
arrangement is given in Plate IT. - The arrangement of cross girders
is shown in Plate T1-A,

222 Bearings
5]

"

t

7

s i} Qne end of the suspended span was provided with a
) 1~1nO bearing while the other end with a fixed bearine., The
arrangements are shown in Plates TII &IV, } )

o

3. BRIEF DESCRIPTION OF DAMAGES

2.1 Akharaghat Bridge

o s .
Lo -’;.'1.11.n ;lu) Bi;g _11:1t1}£<i of cracks is shown in Fig. 1 and Photos
were more D‘r.onounn‘efl Sfiltblt)}igdizgo(ipeqxil(; Cli'wk's e fdi\"d()md el
WEre m onounced & 3 carings of the suspender
:giﬂ; %Lrton?l\clu;;tﬂigumtlon.1 The ecracks in the 1st, 3rd :1%1(1 (';;1}
e T tl‘xis ’ wvrpuryg:&ul Werevt}w very severe, the last being
oS cracl;eil i)I;rll’ '2“11 rrt 1to]f 15 in. out of the total scating width
Photos 1+ ed ;]_‘lye‘f]:l(f‘cof detached as shown in Fig. 1 (¢} and
shown in e %}"llrx '11};’ of the suspended span also eracked as
Sed span Los beeci] <1: e n‘s'mtm‘e of crack at the articulation of the
6 o, thick apor a;own in kxg.kl(b) and Photos 1to 3. In this span, a
completely o 2 of concrete at the tip of the cantilever girder, cot
y detached and fell down in the river, The crack 1'1,1 the
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articulation of the first span is shown in Fig. 1(a). A vertical crack
had appeared for the full height of 2 ft 6 in. and within adistance of
6 in. from the edge of the cantilever. Besides, another diagonal crack
extending to a length of about 2 it and starting from the corner
point of the seat also appeared.

3.2, Gulsakri Bridge

3.2.1. Photographs 8 to 10 show the extent of damage. Doth
the longitudinal girders had cracked at the fixed end bearings. In
the supporting girders, cracks had developed Dothh on the up and
downstream side whereas the tip of the suspended span had
cracked only on the downstream side.

4. GENERAL PRINCIPLES OF ARTICULATION DESIGNS AND
ANALYSIS OF FACTORS LEADING TO THE DAMAGE OF
THE AXKHARAGHAT BRIDGE

4.1. A brief cxplanation of the principles involved in the
design of an  articulation would help proper appreciation of
the analysis of the damages briefly stated carlier. These articula-
tions, termed also as brackets at hinges, hiave been treated as vital
partsofa bridge structure. There is yet paucity of experimental data
on the subject on account of which it is always considered desirable
to provide some excess steel and reduce the stresses so that the
complex nature is taken care of, This excess steel is a very small
ga‘xg of the total tonnage and does not materially affect the cost of o

ridge,

4.1.1. The stresses to be taken care of at an articulation are :

(i) Bending stress due to the vertical reaction acting at
the centre of the articulation. This would indicate
the desirability of limiting the length of seating along
the span so that the moment is reduced ;

(ii) Shear stress: This would naturally mean that the
area of the support should be increased so that the
stress per sq. in. is reduced.

4.1.2. From the very section of an articulation it would be
clear that on account of a sudden reduction in depth of a beam at
the seating, high tensile stresses, due to bending, would develop and
it would be neccssary to determine the inclined plane on which the
eflect would be maximum. This is delermined by arterial method
and is briefly explained.

4.1.3. On any plane inclined at anangle § to the vertical, the
effect of the vertical reaction ‘R’ acting at the centre of the

4
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articulation is:

(2) Bending moment
M=Rcos 9 Xy

(b) Normal tension
N = R sin g

(c) Shear force
S = R cos 0

4.1.4. The tension is mainly resisted by the bent up inclined
bars. Though these inclined bars are similar in character to diagonal
shear bars of the cantilever, they are required mainly from a con-
sideration of the tension across the inclined planes at the corner of
the articulation. In order to reduce the shear stress at the articula-
tion section, the concrete section is increased by widening the rib
of the beam gradually to a maximum at the articulation. The
widening is also necessary from & practical point of view as other-
wise there will be no room for accommodating the large number of
bars crossing one another in this region. In order to find the worst
section, several arbitrary sections are taken at different angles with
the vertical through the corner of the articulation and the stresses
at these sections are determined assuming the material to be
pomogengous. It may be noted that on account of the gradual
increase in the width of the web of the beam, none of the inclined
sections will have a uniform width. Foreach scction, the width
will be maximum at the top and will gradually narrow down, to a
minimum, at the bottom. The minimum width at the bottom will
again be different for the different sections, being smallest for the sec-
tion 'With the greatest inclination. It is, therefore, difficult to compare
precisely the stresses with theso variations in width. For the prelimi-
nary trial section, it is, however, required to know which section will
be the worst for tension on the top face in order that the tensile
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reinforcement may be adequately provided to take up these
maximum stresses. The effect of variation in width of a concrete
section in bending is only a slight change in the position of the
neutral axis, with a consequent change in the dimension of the lever
arm. This variation in the lever arm is, however, very small and,
within limits, it can be assumed that the steel required for taking
up the tensile stress is practically unafiected by the slight variation
in the width of the beam. The tensile reinforcement i3 practically
independent of the breadth of the scction whereas the stress in a
homogencous section is inversely proportional to the breadth. In
order that the calculated values of the stresses in the different
Loraogeneous sections may correctly indicate the comparative
amounts of tensile reinforcement, the homogeneous sections may be
assumed to be of the same width, though they are actually different.
In addition to bending, there will also be some direct tension across
the scction. The magnitude of dircct tensile stress across tho
section will, however, depend on the breadth. But the effect of this
direct tension is so small, comparcd to tension due to bending, that
for practical purposes of determining the position of the worst section,
the different sections may be considered to be of the same width.

41.5. In the particular casec of the Akharaghat bridge, in
order to analyse the critical section, a number of trial scctions were
taken at different angles as shown in Table 1. For a compari-
son of the stresses, a uniform width was assumed for all these
sections. The direct tensile and bending stresses have been shown in
columns 13 and 14 and the total tensile stresses in column 135 of that
Table. It would appear that section No. 4 inclined at 32° to the vertical
is subjected to the maximum tensile stress. For all practical pur-
poscs, this section was, therefore, considered as the worst section as
regards ‘ension. 'This section was accordingly checked for deter-
mining the area of tensile steel required acvoss the top face of the
inclined scction. The forces acting at this section are shown in ¥ig. 5.

il

Q.
& s
D e Y
1]
-4 T 'f-—'-*—
t
1
t
|
|
1
|
!
RS
| S
{

o

'
<




TanLE 1

Analysis of trial sections taken at different angles—Akharaghat Bridge

pols] [ - ~ © - N
S =413 B2 R § & =8
e 3 ¢
$5913S  IBAYY |
WO0M| Ju | 2 :A :, B 5 N
LOJgr u ossanys |2 L 2 = 2 = = -
gatssoadutod  [eiof, i © K
S e A 13 - -
RTINS B - S R
EERPERETIEN G ATN A B RS 2 = = t- S
=] ‘ =
Lluwzin= 1 2 3 g8 =z S g
ssoys Furpwag y A | B g < B =) 3
’ = : N N
qugiy={ 2 & o2 o3 9
£§213$ O[ISUI} 1A 2 | 12 & - - -
B e O S
=) = =) = = =
w | ZF 2 2 £ 2 3
; == < 3 4 172} ~i
w) gsp gy =807y g HEg 3
— — — — — —
} s g =2 2 g
= = =
(qr uy) L o = z z = S{
7 W 4 — = N X is 3 = &
i - -
I = =) = =) =
| 2 2 = =
18 2 & = § B8
i 3 o = < ) =)
ul) X =172 o , . < =
mwyxXag=wiz % £ &8 2 z 2
l, or B ~H b= H) (%)
—_— - ) < [
! : = & - > =
D °°3| EN L
¥ | = = <
B I‘:—_ ;7!—47(7_‘1-1 T 2077 7["
) ) 21 = A &% =
P wmg =) &1 ] [ 3 =
'S el = < <> = <
e i i -
) c z o1 © 12
B 800IZ9D | = 2 =l 2 2
uj worpeuIOu] | : : :
it | ‘ -
yout l i 5 ~ < ©
L e A 4 &l B & &
ur =z, aaumstql ! -
9 b ‘
= @ o = = = =
= = >
i t w | oa a £ S &1 ~
sjruun - goutr 2 g S w & e
Ul 2 SNNPOUL UOIFDIIY | ! .
: S
| 1 ny
wwpa 72 g 2 2 8 3
81 »  oIdym D X q; [t < < (S &* <i
- __; 7
2 = o =
uxa= 1.3 8 E £ % %
. . > 1 [ "~ & ~ Py
ur *bs ur J w01y | =
I
T T
urut o - o - » o
ORI I T 2
y wdop oameyyy ) Y & -+ ] = S
(Su()!}gaﬂ I[G 10} [ i) I w i) i) L“.‘v
nssy 5 : 5 < ; v
wlojiun pownssy) | ~ o€ = = © = <
uroul q Ipsvoly i
|
uoljoay |- 3] © L) = ©

SoME BRIDGE ARTICULATION FAILURES 273

This section is subjected. to a moment with a direct axial pull.
The system of forces can be reduced to a single eccentric pull ¢ X .
The eccentricity €' is such that N xC = moment ¢1/’. Near the
top, therc are two Nos. of 1} in. dia. inclined ““1” bars and 2 Nos.
1} in. dia. “ b bars as shown in Plate V. To simplify caleulations,
the two layers of bars were assumed to be in one layer placed
midway betiween the two layers.

Area of 4 Nos. 14 in. g bars = 7.068 sq. in.
Angle of inclination of
the bars with the normal
to the section is (43° —32¢) = 137
Effective area of inclined
bars to resist tension across
the section = 7.068 Cos 13° = 6.85 sq. in.
b=191in. = 4526 cm.
h =42 in. = 106.68 cm.
bh* = 18.26 x 106.682 ;
= 548,000 em.?
Normal tension N = 99,000 1b
= 435,000 kg, .
Bending moment J = 50,350,000 in. 1b
= 58,00,000 cm. kg,

M
¢ = N =
= 128 cm.
e = 16 in,
= 40.64 em.,
Ce = (128 — 40.64)
= §7.36 cm,
e = Vo)
bh* bh*?
43,000 x 87.36
o 548,000
= 7.2 kg. per em.®
EA ~ 45,000 " 196,06
bh 48.26

8.75 kg. per em®,
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Photo 1

3rd span from Muzaffarpur side
(Bottom view showing both beams)
(Akharaghat Bridge)

A s

2]
o
COMPRESSICN f, N CONCRETE

I | i
S LLNINLTINTE f
SR AR R
T A= . o5 16 Vs 2.0% '
MORSEH CURYVE ”““‘"
f5=1,200 kgjem® =(=17,000' Ihs./in®), Fe=fbh a
: ‘ :
From Morseh curve ~ Photo 2 ' PR _:';"
e N A A view of dumage in the 1 SRR | i ' :
for the above values of e v i 7th span from Muzaffarpur
side (downstream)
Maximum compressive stress in concrete , (Akharaghat Bridge)

= 43 kg. per em.?

= 640 b per sq. in.

Percentage of steel

required, . = 1.38 per cent

1.38 x 19 x 42
100

': 11 sq in.

Area of steel required

I

Steel actually provided = 6.85 sq. in. .o(i)

I'hoto 3

Taking into account the effective component of the horizontal
steel bars in that plane, the total effective area of steel at this
gection is 6.8543 x 1.677 Sin 32°

A view of damage in the 3rd span from
Muzaffarpur side showing both beams
(Akharaghat Bridge)

= 7.65 8q. in, . (i)

and, therefore, the provision of steel was inadequate by 3.35
5q. in. ) ' Y




Photo 5
7th span from Muzaffarpur side
inner view (downstream)
(Akharaghat Bridge)

Photo 4
7th span from
Muzaffarpur side (upstream)
(Akharaghat Bridge)

Photo 6
Cracks in the 5th span from Muzaffarpur
side (downstream)
(Akharaghat Bridge)

Photo 7
Cracks in the 5th span from Muza

side (upstream)
(Akharaghat Bridge)
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Area of tensile stecl required
0.5¢4 x 24 x 39

100
/ = 505 sq.in. c(iv)
‘Aren of steel provided
at this section = 3 Nos. 1}in. dia. bars
" = 3 x 1.767
= 5.301 sq. in. (V)

Hence safe.

Maximum compressive stress
in concrete

Ib/sq. in. - {vi)

Hence the vertical section was safe so far as tension and
compression were concerncd,

Shear :

The maximum shear at the articulation due to dead and live
loads was found to be 187,280 ib,

Maximum shear stress

. S
at the section = —6j—d

i

_ 1,587,280
T 24 % 0.572 x 37
240 Ib. per sq. in.

i

Shear taken up by tha bent up bars
= 2 x 1.767 x 1.404 x 18,000
= 89,500 1b

/

Balance shear to be resisted by stirrups
= 187,280 — 89,500

o
@»
e

SoME BRIDGE ARTICULATION FAILURES

Pitch of } in. diameter two-legged stirrups
_ 2 x 019 X 18,000 x 0.87 x 37
- 97,780
= 2,25 in. (vii)

The stirrups actually provided were at 5 in. pitch ... (viii)

So even with the most liberal consideration that a maximum
portion of the shear was taken by bent up bars and allowing a
maximum permissible tensile stress in stirrups as 18,000 b per sq.

, which according to Taylor, Thompson and Smulski need be
wrmtlv reduced, the proxmon of stirrups was inadequate. The
reinforcemaent used here is intended to resist not only stresses due to
loads and variation of temperature or imperfect action of bearings
but also the tendency to cracking caused by the sudden
reduction in the cross-section.

4.2, Bearing Defect

- 421, As has been alrcady explained, sliding type of plate-
bearing had been provided over the free ends while at the other end
no steel plate or lead sheet was provided and the concrete surface of
the suspended span rested directly on the concrete surface of the sup-
porting cantilever span.  The anchorage of the suspended span was
also done by providing two rows of bars thus restricting rotational
movement. It is also apprehended that on occount of the detlection
of the suspended span, slope at the fixed end bearing changed

resulting in concentrated load acting along one edge, since there was

no suitable arrangement to distributo the load. The fixing arrange-
ment also did not permit any rocking action and thus caused
splitbin r of the concrete scction. Hair pin mesh reinforcement was
also not provided either above or helow the bearing surface and
thus there was no arrangement to distribute the concentrated
stresses. )

4.2.2. At the sliding end also, the arrangement provided for™s
copper plate-bearing sandwitehed Dbetween  two M.S. plates. It
has been found that duo to the high mtennt} of pressure at the
bearings such an arrangement may result in electrolytic action
between the copper and the steel.  This clectrolytic action leads to
sulphating of the copper plate and in eourse of time restricting the
movement of the sliding plate.

4.3.  Constructional Defects

On chipping off the concrete and exposing the main bars, it was
detected that the cover provided at the cantilever tips was excessive,
The cover actually found was as much as 6 to 7 in.
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4.3.1, Constructional defect was also detected in placing of the

stirrups as shown in Fig 4.

POSINION OF STIRRYDS
AS ACIBAUILY $O0UN D

CORRICY POSINCH

Qf_SURRYPS

Fig. 4
Out of the 5 main bars at the bottom layer, stirrups were

found round only the central three with the result that the two
other bars were free and no stirrups encascd them.

4.3.2. Defects of a serious nature in the placing of the main
inelined bars were also noticed.

POSINION OF PBHADS AD

ACTUALLY OUN
/ -

— Zemuy bl b
4 ST
- A La leu
o o y.,

4.3.3. A typical long. scction of the supporting cantilever
beam, mnear the articulation, is shown in Fig. 5. The correct
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position of the inclined ‘L’ bars should have been 12 in. from the
tips of the cantilever end whereas it was found to be 21 in. away.
The shifting of position of bars, away from the tips, decreased their
effectiveness and resulted in higher stresses.

4.34. Tt could also be seen from the caleulations about the
intensity of shear, that the bent up bars were expected to resist
total shear of 89,500 Ib. Actually, however, due to constructional
defects in some of the girders the bent up bars did not project into
the seat at all with the result that these stresses had to be resisted
by the concrete and the stirrups provided therein. The intensity of
stresses at the seat, therefore, increased very considerably resulting
also in shear failures. As a matter of fact, the position due to thees
constructional defects worsened so much, that very roughly the
calenlated stresses in the stirrups under the scat inercased from
18,000 1b to roughly about 50,000 Ib per sq. in., thereby stressing
the steel almost to the nltimate capacity.

5. REMEDIAL MEASURES FOR AKHARAGHAT BRIDGL

5.1, The following remedial measures were carried ont :

(i) Suspended structure was raised by means of jacks to
provide sufficient clearance for carrving out repairs,
Plate VL

(i) ~All loose concrete, from the cracked portion, was
removed,

(ii1) Conerete cover from the sides, bottom and top of the
brackets was removed. The main reinforcements and
stirrups were also cxpozed by removing concrete
around them, g

(iv) Additional reinforcement in the form of vertical and
horizontal stirrups in accordance with ecalculations
was welded to the existing exposed reinforcement. It
was assumed that horizontal forces at the fixed end
would be 30 per cent of the vertical shear.

Hence horizontal force = 0.3 x 1,587,250
56,184 1b

. o 50184
Hence horizontal steel required 12,600

4.08 sq. in.

I

It



Photo 9

A view of damage at articulation
(downstream)
(Gulsakri Bridge)

Photo 8

A view of damage at articulation
(upstream)
(Gulsakri Bridge)

Photo 10
A view of damage at
articulation
(Bottom side of cross girder)

(Gulsakri Bridge)

SoME BRIDGE ARTICULATION FAILTRES

2

Checking for the steel at the vertical section of the bracket:

h = 24 in, = Ol cm.
k= 39 in. = 99 cm.
M = 2,247.360 in, 1b.
= 2,556,000 cm. kg.
bh? = 61 x 992
= 600,000 ¢m,3

Normal tension = AR where # = co-efficient of friction

= 0.25 x 187.280
= 46,820 1b.

= 46,520 x 0.4330 kg.

= 21,200 kg.
I 2556,000
N 21,:.()()'
= 121 cm.
= 1§ in.

= 45.8 em.

>
|

C-e¢ = 75.2 em.

Me N(C ~¢)
bh*

bh:
21,200 % 75.3
600,000

= 2,673 kg. per em.?

N 21,200
bi, 61 x99

= 3.52 kg. per em.?

From the Morseh curve for the above

Me N
values of 7 & A

Percentage of steel required
s = 0.54 per cent

[

9
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(Permissible direct tension in steel assumed t9,be 12,000 lb{)peg
sq. in. This was provided by 7 nos. 5/8in. ¢ ‘U’ bars and 2x ’
nos. ¢ in. @ bars giving a total area of 6.64 sq. in.

Ignoring the shear to be taken up by existing stirrups pitch
" for B/4 in. dia. two legged stirrups reqd.
\

2 4- 0.442 x 14000 x .S7 x 36.5

= 243 in.
1,67,200

iti i i i > provi t 2} in.
Therefore additional § in, dia. stirrups were provided at 21

centre to centre,

After laying the roinf.orcement cage, the \;'hole surtf_a)c: ::;:
gunited. But where the thickness was more, fI‘QSHI coilc;e ‘uro0 -1i‘r‘.
done with rich mix. The same procedure was fo fowe< ort de%ﬁlw
ing the cracks of the suspended span. The'mi’li (;rc%nllfn ails
for carrying out the repairs have been shown in Plate .

; isting verti S W oved by
r) Bearing: The existing vertical dowel bars were removed
burn(i‘n)gfhc:r:ll O{It and } in. thick lead sheet was provided in between

the concrete surface.

6. PROBABLE CAUSES OF DAMAGE TO GULSAKRI BRIDGE

6.1. The damage to the articulation of the Gulsakri bridge
may have been caused due to the following reasons :

i izi the sliding plate bearing at the free end._ Due
to re(slgraisnetlzrlmggt(})lfe sliding %.‘{Lte end on account of formation Oif'
copper sulphate on the surface of the plate or bo‘n a'ccountf(rlot
any other reason, movement _of thg fixed end '(.armgd 1?1101
tend to shear the two 7/8 in. dia. mlld.steel dpwel pins an »ix.esc
in turn would exert a considerable force in the direction of.expa‘nfbxc}m
joint and develop high tension in the concrete along the lines of the
i)in. This high tension may have caused the cracks,

; > could have occurred by plastie ﬂqw of the
tin utl})liclyf}}ga(;l ;Iliatgeat the fixed end and the resultant thickness _of
late becoming very thin. On account of the increased deﬁec:}or;
gf the suspended span under full load and concrete surfaccle rgs ‘m(ti
on concrete, the load from superstructure acted as an edgel'oa' :mf
thus caused concentration of stresses and ultimately splitting o

concrete.
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7. REMEDIAL MEASURES FOR GULSAKRI BRIDGE

7.1. Inorder to carry out necessary repairs and to allow
examination of the condition of the sliding plate bearing, the pins
at the fixed end were cut by oxy-acctylene flame. The suspended
span was lifted up from its seat by means of jacks placed on timber
staging.

7.2, Treatment cf the Sliding Plate Bearings

7.2.1. On examination, the sliding surface was found to Le
very smoky. It was also noticed that the thickness of top and
bottom copper lining was different. In order to ensure a perfect
and good sliding surface, the surfaco was cleaned by means of fine
sand paper. The bottom copper lug was also filed” down s0 as not
to be in contact with the top steel plate when lowered on jts seat.
This would prevent further electrolytic action under strees,

7.2.2. A thin coating of grease was also applied on the sliding
surface so that after lowering, the grease might spread and form a
scal alround.

7.3. Treatment of the Fixed End Bearing

7.3.1.  As pointed out carlier, the lead sheet under fixed end
was pressed very thin, A good quality lead sheet ! in. thicli was
provided this time. Two ¥ in. thick MLS. plates, one above and the

other below the lead sheet, were also provided.
7.3.2. In order to improve distribution of stresses, hairpin

mesh reinforcement as per sketeh was also provided above and below
the scating,

o

T ~ 17
2

|| -

2&"/4'@ megh

Fig, 6
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in these circumstances is rather difficult. Determination” of the
distribution of the stresses in the solid cross girders will he-further
complicated with a side shift of the live load. TIf the load could be
assumed to be uniformly distributed over the whole length of the
cross girder, the shear stress, with the provision of a 6-in. articula-
tion, solid cross girder and bearing for the entire length of cross
girder, was found to be 60 1b per sq. in. only, necessitating no shear
reinforcements at  all.  Discussions  with designers revealed
absence of any well-defined method of analysing the distribution
but . experience with hundreds of such articulations has shown
that such bearings are functioning very favourably.

The Authors intend to draw the attention of the designers to
the nccessity of evolving a rational mecthod of design with such an
arrangement which could be conveniently applied.

(9) Conereting should be very carcfully done simultancously
from both ends so that the bars remain in proper position during
concreting.

(10) Concrele of very good quality should be uged. It may be
necessary to use a slightly wetter mix which has to be vibrated
carefully.

9. DESIGN CRITERIA FOR THE CROSS BEAM
AT ARTICULATION

LOHNGITUD ! ™MAL  E.CTI0N

Fig. 9 (8)- CRASS SECTION of
i THE-CRO3S TEAW
SpO3s SECTIOHCE Ay
AN DULAM AHD DLECIK 0874l ats mamnum
{ 247 4
4 ] j‘ 2 %
. ran % 5
1o ; A
i ’/' - ?3 h
i ) ey CRO33 TLELAM 2 I f4 : {1
W - i L Sy o {
“‘ -
Fig. ¢ (b). o
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Data :
s Maximum end shear at the joint on one main bram

Ry, Mazimum shear ab the,joint due to L.L. on one main
beam

g Moximum LT, on the overhangs {equivaelent unifos-
muly distributed lead) per {6 run of onc main beam
E Modulus of clasticity

Modulus of rigidit

R

v
I, Moment of incrtic of muin beam between supports
I, ' " in cantilever overhang
I, Moment of the cross beamn ot joint
J.  Polar moment of intertia of eross Leam at joint
4, Cross-rectional arca of the cross Leam
9.1 Assuming total maximum shear cominy he two free

+ L O
13 of overli: on Goctivale
ends of overhang (from the supportzd beam) to he eifectively trans-
ferred through the cross beam. )

Total uniformly distributed load per it of the c¢ross beam

110

(4t . . ! .
(Since greater concentration of loads near the main beams
“_oulq give smaller stresses in the cross beam, that condi-
tion is not envisaged).

Maximum nta . . (21 L
3 momentab the centre of crosy Leam = { 77"
\s -0/ 5
E*®

Note :—Fixity with main beam can
be taken into account by
considering relative torsipnal
and flexwral rigidity of the
main and cross  beams.
Otherwise, partial fixity may
be assumed.

(=]
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The dowel bars anchored into the bottom girders had 1/8 in.
play alround in the top girders so as to enable them o have some
play for rocking. '

8. SUGGESTIONS

' (1) While designing articulations, low permissible stresses
should be adopted in the steel used in the articulation joint on
account of the complex nature of the stress conditions. Taylor,
Thompson and Smulski in their book on Concrete Bridges have
suggested reducing the allowable stresses even by 50 per cent. Shear
per foot run should be provided for fully at this reduced allowable
stress in steel,

(2) Solid cross girder should invariably be provided at cach
of the free tips of the cantilever and at end of the suspended span
and these should be load bearing.

(8) It is necessary to reduce the shear stresses at the scating.
This is achieved by the horizontal flaring out of the girder so that the
area of contact is increased. The practice in this country so far has
been to increase the value of “a’ in the width of seating to enable
a greater width.

Fig. 7 Plan of the girder at the Bracket

P 7y

(4) Since this increase of width of seat would result in greater
moment at the junction where the depth is suddenly reduced, it is
essential to find out the critical scetion and provide the necessary
tensile stecl.

(3) Lead sheet should be provided at the fixed end bearing
arrangement.

(6) Chances of electrolytic action in the sliding plate must be
avoided. Properly machined M.S. plates may even be used.

(7) Hairpin mesh reinforcement, preferably in ¢ layers, must
“he provided in the concrete seating so that any cdge load which may
be inevitable is eventually distributed.
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(8) Inaccordance with the practice of the Highwav Deptt
Cal}fprnig», U.S.A,, the width of scating should be reduced p}refeerL)lec‘}:
to 6 in. in order to reduce the moment at the articulation joint
and to enable reduction in shear per foot width of articulation. The
bearing should be provided for the entire length of the cross beams
as shown in Fig. 8,
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The moment due to the reaction at the articulation will also bLe

re ) R X . .
duced as the reaction per foot is reduced.  Caleulation of stresses
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Maximum shear force at the cnds of the cross beam

G _ (.20 B-b
o) U
)

_ R(B-1 @
(B +0) -

9.2, The deflection and slope of the ends of the overhangs (of
the two main beams) due to dead loads would be cqual (because
of symmetry). Hence duc to the deflection or slope at the ends
of overhangs, no stresses or forces would be produced in the cross
beam,

However, if the liveloud is unsymmetrically placed about the
longitudinal axis (i.e., in tho worst case the liveload being taken
only by one main beam), there will be detiection “ 5’ and slope <9°
of the end of the loaded main beam relative to that of the unloaded
main beam,

For monolithic construction of the main beam and cross heam,
differential deflection <3 ? would cause end moments and shear in the
cross beam and the differential slope ¢§° would cause torsion in the
cross beam.

Calculation of deflection .’ and slope *9’° due to L.L. only on one
beam

Assumptions :

(2) The most adverse case giving the maximum slope and
deflection would be one when it is assumed that (i)
the two overhangs have maximum liveload on it.
(ii) The liveload reaction from the suppdrted span
is also assumed to be carricd only by one main beam

“averhang.

(b) The overhang may have a varying scction, and for
simplicity the minirmum rectangular section at the end
would be considered and the beam assumed to bo of a
uniform section. This would again be on the safe side.
However, the effect of variable depth can also be taken
into account by graphical construction, if necessary.

(¢) The torsion due to a given twist ‘9’ is calculated by

an approximate formulac applicable for symmetrical

rectangular section, which for the cross beam may be

taken as G, x D.
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Considering the overhangs loaded with L.L.

WL L, WL L EpLL, , Ril,L,

L. = I A T e T LTI r RS
: GEI, T TI9LT, SEI, T GEI
- L,L,
LS:_' 1211;,*]“7(” LLQ +2RL) ...(3)

Deflection at the frce end of overhang

- ,”',LL:_'E_*_ RpL*, a,
© T OSEITTT BRI, T L L, (Wi L, L ehpLl
2ET,
Wrl.* L.L,* ] ,
R0 i 55 Sulll £7 o el LA i a0 B &

Slope at the frec cnd of overhang
Wy L,* | Ry L,*® L, L

4

60T, T BBl T gepn; TeleF2ED )

e:

[NVote:—The last terms of equations 4 and 3 represent the
deflection and slope due to the slope of the main beam at the support
and muy be taken as zero if the main beam is assumed to have
zero slope at the picrs].

o8l .Fixed end moment in the cross beams due to ditfcren-
tial detleetion ¢

Shear force due to <3’

°),  12El;

5= g ()

Torsion in the cross beam due
to the relative slope of the

. '
ends of the two main beams = 7' = (——-M'-- 5 —(3)

——

The cross heam i, therefore, subjectec

. ¢ to the following
forces” in the worst case

nB-

1. 1\[- i 418 ©. -
aximum span moment*= BT (9)

2. Maximum support moment =
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6El, [Wr.L,* | BLL,®  L,L* ' ]
= - =L — WL L,4-24h
B* [ 7 Py P U7 RSNt
...(10)
il _EBT may be added if, for transverse loading, full fixity
6(B+0) ’ 2

. of the eross beam in the main beam is assumed. Exact solution cun,
however, be found by considering the cftects of twist in main beam
and rotation of cross beam].

9.4. Maximum Shear Force
_R(B=b) | 12F1 &
(B+0) B3
_ R (B-1b) 12E1,
T (B 4-b) Bt SEL, JLI

WiL,*  RpL.,> Ly L;7-
TOREI

i (WL L._;-{—zzm] (1)

0.5. Maximum Torsien (taking only ¢, x D rctangular sec-

tion)

G, ¢

T= (40’3 Jc)
GAO[AL Lt Rel
40 BJc GEI, oLT,

L,. L, . 9 ] 1o
BT S (Wr L, + 2 Rr) o(12)

A cross beam adequately designed as above should be able to

function effectively to transmit the loads to the main beam.

9.6. The main beam (one bay) may also be checked for
torsion.
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Appendix 1

Salient Features of Akharaghat Dridge

(1) Width of roadway hetween
kerbs

(2) Total number of spans

(3) Total length of Lridge

(1) Type of foundations

(3) Size of wells

(6) Maximum depth of foundation
(7) Height of picrs

(8) Size of piers
(9) Type of superstructure

(10} Details of superstructure

(11) Design live load
LIR.C. Class *“ AA s
LR.C.Class “A” o
(12) Impprtant levels connected
with the bridge
(i} Low water level
(i) Bottom of foundation
(iif) Lowest bed level
(iv) Top of wells
(v) Top of capping slab
(vi) Top of pier
(vii) Top of bed block
(viii) Top of road level -

(13) Wearing coat

22t

7 of 106 {t cach;

20f 79{t G inch

001 ft

(@) Well foundations for all the
eight picrs

() Well foundation for Sita-
marhi side abutment

() Open foundation for Muzafiar-
pur side abutment
Single circular well of 24 {t exter-
nal diameter
58 ft below average bed lavel
16 ft 6 in,
2 ft thick at top with a hatter of
1in 24
Balanced cantilever type with
R.C.C T beam-cume-slab
(@) Two longitudinal givdersat 14
ft centres. Main girders are
105 ft between centres of
piers with cantilever projec-
ticn of 2G it 6 in, on either
end
(1) There are 5 suspended spans
of 53 ft cach including two
end suspended spans

Single lane
Double lane

R.L. 133,10
R.L. 0855
R.LL. 1H43.00
L. 156,75
R.L. 150,25
R.L. 173.85
R.L. 175,83
R 183,25

3in. th*c R. CC road surfacing

(l:2
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Appendix 2

Salient Features of Gulsakri Briddc

RALE
() Width of roadway (between
/ kerbs)
(2) Total number of spans
(3) Total length of bridge
(4) Type of foundations
(3) Maximum depth of foundation
(6) TIeight of picrs
(7) Size of piers
i
(§) Type of superstructure
(9) Details of superstructure

(10) Important levels connected with

the bridges
(i) Bottom of foundations
(11) Average bed lavel
(iii) Botiom of pier footing
(iv) Top of pier cap
(v) Top of road level

(11) Wearing coat

16 ft

{(a) One central span of 537 {t 6in,
(b)Y Two end spans of 52 {¢
161 ft 6 in. between faces of
abutments
Open type with plum ecoment
concrete {1 : 3 : 6),
25t below bed
19 {t 5 in. above Led
Two Nos, RCC, (1 : 2 : 4)
Colunmms 3 ft dia. cach at 11
ft contres and stiffened by a
36 in. X 3t 6in. capping
glab attep and 3 ft X 4 {9
in. base slab at the bottom
Balanced cantilever type wiih
R.C.C, T beam-cym-slah
() Two main longitudinal beams
16 in, X 75 in. at the suppert

and at contre  and 16
in, X oSO, auv the canti-

lovered end including 8 in,
thick R.C.C. deck slab

(L) One: suzpended span of two
T-beams 16 in, X 60 in,
including 8 in, thick R.C.C.
deck slab

R.L.
R.L.

5000
7100
R.L. 74060
R.L. 9342
R.L. 100.00

3 in. RR.C.C. road sﬁrfacing (1:2:4)
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Paper No. 232

« DRAFT STANDARD SPECIFICATIONS AND CODE OF
PRACTICE FOR ROAD BRIDGES?”

SECTION VI

COMPOSITE CONSTRUCTION FOR ROCAD CULVERTS
AND MEDIUM SPAXN BRIDGES

Iy
Tnr Bripcis CoMMITTEE or TR

Ixp1ax Roaps Coxcenzss

INTRODUCTION

The Bridges Committee of the ILILC. has prepared draft Standard
Specifications and Code of Practice for Comnposite Construction for Road,
Culverts and Medium Span Dridges.  Tollowing precedent, this drait of
Section VI of the Standard Specifications and Code of Practicn for Road Bridges,
as approved by the Bridges Committee at their meeting held on the 25th and
20th August 1961, is published for discussion by the members before it is
finalised and printed as a Standard.

CONTENTS
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Clause No. G1i. General—Scope and Types 310
602,  Design of Slabs e 310

603. Equivalent Section o 310

604. Flange Width 311

605. Design Requirements 311

606. Shear Connectors : 312

607. Deflection vee - 316

60S.  Shrinkage and Creep of Conerete
and Deck Slab 216
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01, GENERAL

601.1. Scope: Until more expericnce is gained in this type
of construction, this Code will apply to bridges of spans not exceed-
ing 20 metres,

601.2. Types: Composite beams consist of factory-made or
prefabricated beams connected by special structural elements, called
*eonnectors 7, to reinforce concrete slabs in such a way that they
act fogether as o unit. To cnsure composite action, only connectors
of an approved type shall be used.

The factory-made or prefabricated beams may consist of :
(a) structural steel beams or girders; or

(b} precast reinforced concrete or prestressed beams,

601.3. Apart from the design requirements specified herein,
all other design requirements shall be in accordance with the
relevant Steel, Reinforced and Prestressed Conerete Codes of the
Indian Doads Congress.

6592, DLSIGN OF SLADBS

602.1. For the design of the slab. stresses caused by composite
action may be neglected.

602.2. The effective span of slab chall be equal to the distance
between cdges of the top flanges of the factory-made or prefabri-

cated heams plus half the width of the flange of the precast unit.

‘ 603, LQUIVALENT SECTION

603.1. For prefabricated units in prestressed concrete or
reinforeed conerete, consideration shall be given to the different
modulii of clasticity for concrete in precast and ¢n-sity portions.

603.2.  Tor prefabricated units in steel, the effective gross area
of concrete shall bs converted into the corresponding equivalent area
of steel.  This shall be dons by dividing the effective area of the
concrete slab by the modular ratio, ;

CoMPOSITE CoNsTRUCTION ron CULVERTS AND Bringes 311

$603.3. The modulus of elasticity of concrete shall be assumed
as equal to 127,000-4400 F, where I, represents § in. cube crushing
strength at 23 days in kilogeammes< por <. em.

0! FLAMGE WIDTH

604.1. The width of =lab conzidered effective in the design of
the composite “T 7" beam (except edee beams) <hall not execed any
of the following:

(a) the distance centre to centre of beams ;
(b) twelve times the least thickness of slab; and

(¢} one-fourth of the span of the heam.

604.2. Thke cffective slab width for the inner and outer part
(measured from the centre line of the beam) to be taken in the case
of edge beams shall not exceed any of the following :

{a) 1f12th of the span of {lie beam (for either part);
(b) six-times the slab thickness (for cither part);

(¢) half the distance to the adjoining beam (for the inside
part); and

(d) actual width (for the outside part).

604.3.  Any openings, which exist, are to be deducted from the

o~

caleulated width of the slab.

Gu3. DESIGN REQUIREMENTS

f05.1. For purposes of design, the prefabricated unit shall be
considered as sustaining its self load, the Joad of the form work and
tn-situ concrete.  The composite section shall Le designed to carry
the additional loads imposed after the in-situ corverete has attained
its 28-day strength.

_ If the prefabricated unit is adequately supported before placing
of in-situ concrete, it shall he designed to sustain self load only.
The prefabricated unit shall be considerad to be adequately suppor-
ted if at least three supports at quarter points of the span are
provided, -
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603.2. The composite section shall be proportioned in such a
way that the noutral axis of the composite section is located below
the in-situ concrete slab.

If the neutral axis is located inside the concrete slab, the portion
below the neutral axis shall not be considered effective for computing
moments of inertia or resisting moments except for deflection
caleulations.  Also, if the ncutral axis is located within or just
below the slab, the steel sections shall be investigated for stability
during the time the concrete is in place and before it has hardened,

605.3. Composite action will be considered to be effective only
after the ip-situ concreté has attained at least 75 per cent of its
28-day strength:

605.4. Where a supporting fillet is provided between the
prefabricated stecl section and the concrete slab, its section shall Le
ignored in computing the total composite section.

603.5. With steel prefabricated units, the depth of the steel
section shall preferably be not less than 1/30th of the span and the
depth of the composite section shall not be less than 1/25th of the
span. The span of continuous beams shall be the distance between
the points of contraflexure caused by the dead load. 1If depths
smaller than these are used, the sections shall be adequate to limit
deflections to the values obtained with the limiting depths.

605.6. With prestressed concrete prefabricated sections, the
design of the composite beam shall be based on the following two
critical conditions :

(1) when prestress is maximum and the load causing the
bending moment is minimum ; and

(2) when prestress is minimum, i.e., after deduction of all
losses and when the load causing the bending moment
is the maximum.

605.7. Adequate prestressing steel shall be provided in the pre-
fabricated scction to equal the otal tensile foree at ultimate load.

606. SHEAR CONNECTORS

606.1. Shear connectors shall be designed to take the full hori-
zontal shear at the contact surfaces of the prefabricated and in-situ
portions. For design of shear connectors, the horizontal shear ‘1’0
the planc of contact “of the prefabricated and {n-situ units shall be
determined from : !

CoxrositE CoxsTrUcTION FOR CULVERTS AND Dripcns 313
Vm
I b

where S; = horizontal shear at the junction of the slab and
the top flange of beam;

Sp=

V' = vertical shear, acting on the composite scction ;

m = statical moment of the transformed concrete area
about neutral axis of the comyposite section or the
statical moment of the area of reinforcement
embedded in the slab

I = moment of inertia of the transformed composite
section.

In structural steel beams or steel girder composite beams, ver-
tical shear shall be considered as reszqted by the steel web only.

606.2.1. Shear connectors with steel prefabricated unit shall
consist of :
(1) studs welded to the contact surface of the steel section,
or

(2) channels similarly attached,
or

(3) a bar spiral welded at each loop to the stecl.
606.2.2. The safe shear resistance value <@’ in kilogrammes
of the connectors shall be taken as follows:

606.2.2.1. Tor welded stud connectors
(i) For ratios H/|d less than 4.2

1
Q'"MIT's/ ‘

(i) Tor ratios H|d equal or greater than 4.2
Q=22d/F,
606.2,2.2,  For channel connectors
Q =12 (h4-0.5t) Wa/P,
606.2.2.3. For spiral connectors
Q =.333d \/F,
where

@ = Safe shear resistance in kilogrammes of
one shear connector or one pitch of a spiral bar;
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the maximum thickness of a chiannel flange in cms,
measured at the face of the web

I

i

f = the thickness of the web of a channel slicar connector,
in ems.

" = the length of a channel shear connector, in cms.
— §in. cube crushing strength at 28 days in kilogrammes
PEr 8. CmSs.

%)
i

\ Jd — diameter of studs or of the round bars used in Lielieal
\ connectors (spirals), in cms,

H = heizht of stuld in ems.

gramnies.

606.8.1. The strength of the welds connecting the shear conncee-
tors to the steel prefabricated section shall b adequate to withstand
the shearing forces. ‘

£06.3.2.  Welding shall be permitted only, if the steel weed is
of weldable quality.
t
606.3.9.1.  Welding of studs is a speeialized job.  Henece etud
connectors shall be used only when the necessary equipment i
available.

606.3.3.2. To permit welding of studs, the gap betwcen the
heads of two adjacent connectors shall not be less than 1.5 ems,

606.4. Shear connectors with stecl prefabricated units shall not
be spaced further apart than 60 cms. and the distance between the
edge of shear connector and the edge of the top flange of -the steel
seotion shall not be less than 2.5 cms.  The conercte cover over the

top of the shear connector shall he not Jess than 2.5 cms. in all
directions.

606.5. For mild steel sniral skear connectors, rods of
spiral less than 1.25 ems. diameter shall not Le used unless very
careful welding s assured  Decause welding heat may caue
brittleness in the rods. It is also recommended that the rod dinmeter
for spiral shall not exceed 2.0 ems,, beeause the horizontal shear
which requires spirals of Jarge cross-section may produce pressucs
on the concrete near the welds in excess of permissible values.

606 6. The developed Jength of the shear-zpiral rod per pitch
chall not be less than 15 times the rod diameter and the ratio of
the spiral pitch to spiral diameter SJd shall not be less than 0.7 anil
more than 4.0,
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606.7. The shear spiral piteh ¢hall not be less than 10 cms
nor greater than 10 cms. for practical reasons. '

606.8. In concrete (IL.C.C. amd prestressed) prefabricated units
the connectien between the precast and  {n-sifa concreto shall
consist of :

(1) shear bars projecting from the precast unit and,
(2) castellations in the precast unit,

605.9.  Tor shear bars, the shear stress € fi,° at the contant
surface chall be obtained {from the formula:

I')/),
.fsh - ‘JU

Where 177, “m” and * 1 7 are as defined in Clause 606.1 supra and
< p? = width of section.

606.10.  Castellations shall be invariably provided and tliese
shall he at least 1.25 ems. deep and shall be provided throuf'hoﬁt
the lengeth of the precast member.  These shall be placed at su?mble
intervadis, h

606.11, The contact snrface of the precast (R.C.C. or prestres-
sed) element shall be finished ag rough as possible.

606.12.  Shear Connccticn for Slab 01‘1 Precast Reinforced Ceon-
crete Beams.

606.12.1.  Allstirrups in the web of the Leam shall be exte
into the cast-ii-situ slah. e extended

606.12.2.  Mcchanical anchorage in the form of vertical ties to
prevent separation of the component elements in the dircetion
n.orm:ll to the contact surfaces shall be provided.  Spacing of such
tics s}mﬁl not exce -1 fonr times the thickness of slab nor 60 Z‘Ill\"
‘A minimum  cro:s-sectional area of the ties in cacl length of
30 cms, of span of 0.15 per cent of the contact area but not less than
L2359 sq. ems. is recommended. Tt is preferable to provide all ties
in the form of extended stirrups. ‘ ’

606.13. Shear Connecticn for Slab on Procast Prestressed
Concrete Beams.
suprghls shall be according to the provisions under Clause 606,12
606.14. Shear Connectien in [cgions of Megative Moments
{moments producing tension at top fikres)

G()()..I{.l. When the negative moments are to be resisted by the
Drefabricated scction alone, shear connection between the prefabri-
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cated beam and the slab nced not be provided in the regions of
negative bending moments.

606.14.2.  When the negative moments are to Dbe resisted by
the composite section, shear connection must he provided through-
out the full length of the beam, but the concrete on the tension side
of the neutral axis shall not be taken as effective except as a device
to develop the reinforeing steel embedded in.

l

\ .
G()T.. DEFLECTION

607.1. The .dellection shall be determined under the following
heads:

(i) The deflection duc toself weight. {To this weight shall
also be added the weight of in-situ concrete provided
the prefabricated units are not shored during casting
of the slab).

(i) The deflection caused by the imposed load based on
the composite section,

(iif) Tor prestreszed prefabricated units, the deflection due
to prestress shall be computed with the scction of the
precast unit.

607.2.  Deflection shall be limited to (i) 1/600 in case of stecl
prefabricated units and to (ii) 1jS00 in case of reinforced or
prestressed prefabricated units.

603, SHRINKAGE AND CREEP OF CONCRETE AND DECK SLAD

Effects of differential shrinkage and creep of concrete of the
cast-in-site deck slab on the prefabricated unit shall be taken into
account when the prefabricated unit consists of prestressed conercte
in order to ensure that no tensile stresses are caused in the bottom
fibres of concrete, even when the effects of shrinkage and creep of
the deck slab arc considered. In other cascs, when the prefabricated
unit consists either of reinforced cement concrete or of steel, the
effects of shrinkage and creep can be ignored.

RESEARCH SECTION
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1. THE PROBLEXM

1.]. Progressive stage construction in which the road is
improved with successively higher type of surfaces, as required by
increasing trafiic, is an cconomic and safe method of improving
highways. It avoids investment in excess of trafiic requircments.

In the first stage of development of roads, according to the
practice in Madras, gravel is extensively used. Usually, it islaid in
4 to 6 inches loosc thickness and then compacted and is not
satisfactory as surface course due to lack of supporting power.
Gravels, as occurring in mnature, have a wide range of supporting
power and even the same gravel varies greatly at different times
tue to variations in moisture content. Gravel surfaces <et cut up
or rutted and ravel under traffic loads and abrading effcet of wheels,
Yet, gravel continues to be used for low type roads.

¥ Dircctor, Highways Research Station, Madras.

{ Assistant Engincer, Highways Rescarch Station, Madras.
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The use of gravel for road pavements cither as bases or
wearing course will not prove cconomical, unless the strencth
characteristics are improved upto the desired level. '

. L2, CGravel soils are widely distributed! over Madras Stafr,
Fig. 1. They consist of ageregation of small stones more or Jess
worn and reunded by water action and varving in size from than
of & pea to a pebble, from ‘one half inch to over an inch in diam -
ter’, and finer’material that acts as @ binder to hold the ston s

s ,
\ / ’

ANOHRA STATE

MYSORE T
STATE *

\\ : “—

SOIL
CLASSIFICATION

SANDY
RED
ALLUVIAL
BLACK
Fiz. 1. Soil map of the Madras State

together. Generally, the binder soil i« in excess of the voids in (he
coarse fraction. so, when climatic conditions are favourable, this
forms a very satisfactory blend, while in hot and drv weather,
lack of moisturo causes the materials to become loose. In vt
weather, the soil hecomes soft with the coarse particles going down

STRESGTIL CHARACPERISTICS 0F GRAVLL a3t

In order to be suitableas a surfacing material for roads, the azgre-
gate and binder content shonld be present in suitable proportions.
Also, the binder should have desirabls charaeteristics for obtaining
maximum stability value. DBut such graded material rarely occurs
in nature. 'Therefore, the effects of varying the proportions of
coarse fractions and fincs of gravel soils on the strength of the
resulting mixes have been studied and reported in this Paper.

2. APPROACIH TO THE PROBLEM

2.1. The best mixture of soils to form a stabilized material
obviously depends on its strength and incompressibility chiaracteris-
tizs. Both these propertics arevery much influenced by the den-
sity of the mixture and it is a well-known fact that generally the
strength increases and compressibility correspondingly falls down
with increase in density.  On this basis, the design of the best mix
resolves itself into the determination of the mix which yields the
greatest compacted density to bring about the maximum stability.

2.2. Inerease in density of a soil may be obtained either by
the use of efficient compaction methods or by incorporating addi-
tional coarse or fines fraction to the soil as the case may be. The
compaction method has got its own limitations, since it involves the
use of costly compaction machinery. Also, even when maxiiaum
density is attained, the stability of the soil in adverse moisture con-
ditions will depend upon the inherent properties of the chief consti-
tuent of the soil.  Henee, the second method, namely, Incrcasing
the density by tucorporating additional coarse fractions, appears to
be the best method,

2.3, In mechonical stabilization, maxiom density i3 gene-
rally obtained by iv.cal gradation. A quantity of largest particles
is arranged in their most dense state. The voids in them are
filled with the next smaller size yrains, the voids of which are filled
in turn with grains of smaller size. Each succeeding smaller size
is that which will fit into the voids between the next larger grains.
1f this process is continued to infinity, the result will be a solid
mass®>. But this ideal gradation concept Dbecomes hopelassly
complex when widely varving and different particle shapes lke
that occurring in gravel are met with. Sometimes even some
external materials have to he added toachicve anything approaching
an idcal mix, Definitely the above process will not he cconomical
and cannot be succeszfully employed in practice.

24, Henece, the study reported here is based ¢n the agoregate
binder concept. Tl soil is considered to Le made up of two com-
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ponents, the aggregate, composed of the coarse grains and the
binder consisting of finer grains and clay. The fine fraction has
comparatively low unit weight, good supporting powcr when dry,
Ligh plasticity, low supporting power when it contains excessive
water and a high degree of coliesion.  Oun the other hand, the coarse
fraction has high unit weight, is not aflected greatly by moisture,
has excellent drainage properties and a high angle of internal fric-
tion. The two fractions taken separately have, therefore, varyin:
propertics and the properties of the combinations of those two mate-
rials obviously depend upon their relative proportions in the mix.
The bést combination will be one which gives the maximu:
stability characteristics. The fundamental principle involved in
this ideal combination is that the coarse material forms the main
skeleton of the soil mass and the voids in between are gradually
filled up with the fines. The coarse fraction should be compactaed
to its densest state. The voids between the grains are- filled with
compacted binder to produce maximum density. Recent research’
has shown that maximum stability is obtained by proper grain o
grain contact. Fig. 2 shows three gencral states of . soil-aggregat
mixtures. It can be seen that the maximum stability is obtaine!
{

Aggregate  with  no  Amnegate with suffivient Ammregate with =
tines. fines. . amount ol fires,
Grain to grain contact,  Grain to grain contact Grain to grain cont -t
with inercased resis~ destroyed—agoress
tance agains: deforma- floating in suil,
tion.
Variable density. Increased density. Decrcased density,
High stability if confi- High stability in conti- Low stability.
ned, Low if unconfined, ned or unconfined
conditicns.

Fig. 2.

by grain {o grain contact with increased resistance to deformaticn
offered by sufficient fines. Whenever an excess of fines is waedd, the
contact hetween individual grains is destroyed_with resulting lo

of stability. I'rom this, it is also obvious that though generally
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stability increases with increase in density, density and stability
are not necessarily related and the quantity of fines is extremely
important. Itis also clear that the optimum quantity of fines does
not merely function as a filler of voids but also serves as asupporting
medium within the structure formed by the coarse and in addition
to maintaining the grain to grain contact, offers resistance against
deformation, depending largely on the characteristics of the
fraction.

The grading and plasticity of the soil mortar are relatively of
less importance*®. ’

3. TEST CRITERIA

3.1. An important aspect of the investigation was the selee-
tion of the test methods for measuring the strength characteristics
of the soils. Of all the mcthods in current use, the California
Bearing Ratio test seemed to be a convenient and suitable test. In
spite of criticisms, that the design based on the test is conzervative
it is a valuable index type of test, by means of which o 1‘ouglz
evaluation of the strength characteristics of a soil can be made”.
The C.B.R. test has the advantage that it can be performed in the
laboratory without cumbersome equipment and the in-sifu C.B.R.
tests can be easily arranged as field control tests so that the field
test results may be corrclated with the laboratory values and neces-
sary modifications effected then and there. Hence, the C.D.I2. test
value has been taken as the main criteria in the prc-\’o':\t
study. '

3.2, Swelling ‘zmd moisture absorption and tlie unconfined
compressive strength tests which are necessary for evaluatine the
] 2 A =] ‘
strength characterist .cs have also been conducted for cach mix

) 23, In addition to the above streneth characteristios. an
1mp0r_t:mt‘fact0r that has to be considered in the load é~11?1:\{i(11vf
capacity is the stability value of the road scctions. In anv ‘ﬂoiiblg
type of road pavement, it is cssential that the Ruperimpo;od hwr
5310111_(1 have sufficient mechanical stability to spread the load 50
taat it could be carried by the subgrade without any deformation
Hence, the principal problem of design consists of preventing d tri-
mental shear in the subgrade, base course and wearing ?ur‘fL-lco
1f sufficient plastic shear develops in any one or more of those tl(n‘c;
eI@lrlnents of tl‘xe road structure, rutting and upheaval of the Nsmfnc;
}Lvli mciccur. bc'mol}? p]astic shear of the subgrade is prevented by

adequate overlying thickuess of base course and surface.  So the

Jase ; - X
base course material should possess the required stability (resistanee
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to plastie shear) under-imposed stress. Frprp the Molur’s dmgr(‘wr_u"'
which provides o fundamental basis for dein}mg t_he term rstabxllt)
as applied to granular and cohesive materials, it may be.st.a.tfed
that the stability of the materials dcpend? on their capacity for
carrying a greater applied vertical_lpad I, for a given lateral
support L. Consequently for a specified value of lateral support L,
the most stable material is that for which the value of (V—-1L) is
greatest for the equilibrium conditions established by the )I91111~
envelopes for the material under comparison.  For materials w m‘;
both granular and cohesive properties, it has been found that
‘the stability value (i'— L) depends upon the _magnitude of the
lateral support, the eohesion €, and the angle of mtom:al friction C
This factor has been worked out from the geometrical and th:
trigonometrical relationship and is given below:

2 Lsin ¢ A/’l_fsiﬁ‘é
fT e, = 20 ey
V-1 l—sin§5+- 1 — sin¢

Hence, the stability value (V' = L) has also been considered for the
different combinations taken up:for the tests from the corresponding

C and ¢ values obtained by the Triaxial compression tests.
t ;

4. LABORATORY STUDIES

]

4.1. Two typical gravel soils, one obtained from & quarty
near Madras (Velachery) and the other from Palayamcottai quarry
in South Arcot District, were taken up for detailed tests and for
modifying their strength characteristics. The particle size {uvml:,x-.xs
and other physical properties of these gravels are given In
Takle 1.

4.2, The coarse fractions of the gravels were separated (frm‘}'x_?hc
fines. Considering that the aperture size. (0.0949 i) of B.S. DIJTC
No. 7 (L.S. Sieve No. 240) forms an approximate boundary betnz:’_n
gravel and sand, silt and clay fractions as per the textural (‘lﬂn.\n‘l;
cations and also taking into account the fact that this ap?rt:ut
size is approximately eqaal to that of the smzd screen whirh is
commonly used in road works, the B.S. Sicve No. 7 was soloctedy as
the limit between the coarse and fine fractions. The materih
retained on B.S. No. 7 sieve form the coarse fraction and that pas-
sing through it are fines. Photos 1 to 3 show samples of the 1\1&1%‘..":141
gravel from Velachery quarry and also the separated coarse inc
fine fractions,

o : ore 1k
The particle sizes of the coarse and fine fractions were ]1‘._.0{1
determined individually and the grading curves are shown in Figs.
3 and 4.
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Tasrz 1

Physical and chemical properties of the gravel soils tested

!

Serial Gravel from! Gravel from
‘{fn“]“) Name of {est Velachery Palayameottai
num ’”: querey ! quarry
1N D.R.AL classification A-2-6 A-2-6
o Liquid limit 10.9 19.9
3. Plastic limit 16.3 8.7
1. Plasticity index 246 11.2
3, Per cent passing B.S.S, No. 7 : 27 21
ti. » » » » 06 20 20
7. ' ’s a o 200 13 17
8. Proctor density Ib per cu. {t. 130.5 132.0
9. Optimum misisture, per cent 11.0 0.5
1o, California Bearing Ratio per cent (after
4 days soakiug) 20,0 37.3
11. Uriconfived comprezsive stroneih fesr
(wet) b per sq, in, S0 3.8
12 Moisture absorhed by canillare aetion,
per cont 7 125
Chemicual Tests
L Loss enfgnition jer cont {ecludingnistue)  ¢.91 0.10
2. Silica {(S10,) percent 40,71 43,064
3. Mixed oxiles (IR,0,) yer cent 13.3% 43.10
1. Tron oxil. (Fe 0.) . 34.05 Sl
5. Titania (Ti0 ) ” 1.00 0.89
6. Lime (Cao) . 1.41 —
7. Magnesia (Mg 0) - — 0.51
8. Alkalis " 3.13 0.01

+.3. .Thon different mixes were obtzined with va rving coarse and

fine combinations. For proportioning the coare and fine fractions,
two procedures were adopted.  One was by adding ditferent percen-
tages by weight of the coarse fractions, (i.c., 12.5, 25, 37.3, ete., upto
0 per cent to the natwral gravel). In the second, fines in smull

percentages‘(by volume) varying from 3 to 30 were added to the
coarse fractjon,
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4.4. Suitable proportion of sand was also added to the natural
gravel for improving the grading characteristics. The resultant

mixes thus obtained were subjected to compaction and other strength

tests. The California DBearing Ratio test wad conducted as per
standard procedure 7,8, The test blocks for the C.D.R. tests were
prepared at optimum moistare content and soaked for four days
The C.B.R. value was determined by causing a cylindrical plunger
3 sq. in. end’cross section to penetrate the test bloek at the rate
of 1/20 in. per minute and measuring the loads to cause a pene-
tration of 0.1 or 0.2 in. The percentage of swell and {he moisture
ahsorption for the period of + days soaking were alzo dutermined.

4.5, For determining the unconfined compressive strength
values, test specimens of size 2 in. dia. and 4 in. height were
compacted to maximum dengity at optimum moisture content.

16. Tor determining the stability wvalues (17 —17), test speri-
mens of size 4 in. dia. and $ in. high were prepared at aptimun
moisture content and maximuty density. The specimens were than
subjected to triaxinl tests with lateral pressuves of O, 10 and 20 pi

N

and the corresponding € and ¢ values were determined by drawin
the Mohr’s envelopes, Fig. 5. The stability value (I — L) was then
worked out using the € and ¢ valugs, thus obtained.

4.7. The effect of the addition of coarse frictions on the voils
content of the resulting mix was also determined in the Iaboratory
in reapeet of Velachery gravel. The change in the voids contenti{or
the ditferent mixes both in the normal state and in the compact-l
state was determined separately.  Azsuming that the coarse fracticons
form the skeleton of the resulting mix, the degree of compaetien of
the fines were determined for each proportion,  The sines were then
compacted separately to the determined compactive  values anl
the € and ¢ values for the corresponding mixes were determined
from the dircet shicar tests. ‘

3. DISCUSSION OF THE TEST RESULTS

5.1, Trom the physieal properties, the two gravels tested may
be classified as A-2.6 as per the P.R.A. Classification and may lo
considered as fair subgrade wmaterials.  Considering the plasticity
index valuez, the Velachery gravel is hichly plastic and the
Palayameottai gravel is medium plastic.  As regards the chemical
constituents, both the gravels arc essentially hvdrated oxides of irun
and silica with quartzitic and schisty nodules,

5.2. The standards now adopted in Madras. State for roul
materialg for use in the base and wearing courses are indiceted in
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Phote 4. Portion of the experimental reach where the mix
sravel plus 50 per cent course fraction has beer. used
as wearing course (after 1 yeur of service) Photo 7
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Photo 5, Portion of the reach where natural gravel has been
used as weuaring course (after 1 year of service)
Note the development of wheel trucks

Photo 6
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Phores 8,7 & 3

Portions of the exper
mental reuch where
the mix gravel plus

50 per cent course
fraction has bcer use
4% wearing course
(after 1} yeurs of

service)
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Table 2. The two types gravel whose index value do not satisF:\

the standards may be considercd not suitable for base course iy

thieir natural state. Also, it should be noted that the coarse fractic.’;
TaBLe 2

Standards for base and wearing courses in Madras Stat:

1. Grading (for maximum size 1} in as per AASHO T.27 &-B.S. 410)

14 in, B.S. Sicve 100
. 1in. ~ido~- 70-100
. " %in. o o B0= 90
2in, s ~dn— 45— 75
- 3/16 in, ~do- 30 - 60
No. 7 ~do- 20- 30
No. 36 10- 30
No. 204 5- 13
2, Liquid limit per cent «oo Maxinum 23
3. Plasticity index «. Maximum 6
4, (California Bearine Ratio per cent ;
Good base o 6010 ED
Best base ... above 80

For wearing eourse, the plasticity index shoulid not be less than 4 or ni e

than 0 and the liquid Tinit should not exceed 33 per cent,
{

1

alene give a maximum dry density value of 125 1b per cu. ft. while
the fines alone have a value of 1221b per cu. ft. Dut by propor
coarse fine combination, a maximum dry denzity of 1345 1h per cu it
is obtained which is about 11 Ib higher than the average. It isalo
scen that with the increase in the pereentage of the coarse fracticons,
the void content is reduced gradually upto a certain value and
Leyond that stage the void content inereases with the inerease in
the percentage of coarse fractions. At this stage, dry density wl
the C.B.1%. values are also found to be the maximum and as sl
that particular ratio of the coarse and the fines may be taken a3
the optimum valie for the particular gravel. The relation=hip
between the maxiinum density and the proportions of ageregiwe
and binder indicate that the maximum density is produced for the
combinations of about 18 per cent fines and 32 per cent coarse fric-
tions by weight in respect of Velachery gravel, Table 3.

5.3. Though a maximum density i3 got by the addition of
sand, it is to be noted that a higher C.B.R. value is not obtaind
with the mere addition of an optimum percentage of sand fractions,

Tables 3 and &, The CB,R. value (after 4 days soaking
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Effect of addition of fines to the coarse on the voids in
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of the coarse fractions of its own. Such proportions of the coarse
and fine combinations conespond to the ideal mix with grain
to grain contact and a minimum voids content and can be obtained
very easily at very little extra cost. A rough method of fixing this
optimum proportion of the coarse and fine fractions in the field is

given in the Appendix.

6. FIERLD EXPERIMENTS

G.1. TEncouraged by the findings of the laboratory experiments
to study the behaviour of the modified gravel under ficld conditions,
an exnerimental stretch of about 12 furlongs was taken up in miles
7,4 to 9/0 of Tiruvanmiyur-Muthukadu Road very near to Madras
city. The subgrade soil is medium to fine sand throughout (for
grading of sand, vide Tig. 9). Good gravel soil is available at
Velachery quarry for an average lead of about 12 to 15 miles. The
average rainfall is about 45 inches and the road embankment is well

drnmed on cither side.
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- 6.2, General Specifications : Except the experimental reach
the entire road is constructed with gravel laid in two layers of 4
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inches loose compacted to about 3 inches thick over the sandy sub-
grade. Typical cross section of the road is given in Fig. 10.

GRAVEL BZIRMS 4 w.E
SR SR i TP THICKEE 5SS
/»SAN'osussn'Aoa' SN \

; L—GRAVEL SURFACT ni'x3*
\ 4 GRAVEL ©
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|
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/
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I AN
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+

Fig. 10. Thiruvanmiyur-Muthukadu Road

6.3. Specifications for Experimental Porticn with Mcdild
Gravel : (Miles 7[5, to 9/0) Tor the experimental reach, gievel
modified by adding an optimum percentage of coarse fracticns o
its own has been used. The coarse fractions are obtained by siov
ing the natural gravels on B.8.S. No. 7 (LS. No. 240) cquivalx
roughly to the sand screcn used in the field.  The material retained
on this sicve is added in suitable proportion to modify the natum!
gravel.

The principal factor cortrolling the stability of the mechanicaly
stabilized soil aggregate mixture is the proportion of the soil to
ageregate.  Bub the natural gravel as it occurs, contains exco s of
fines. Hence, by addinga suitable quantity of coarse fractions, an
ideal aggregate binder combination is ohtained whercin nuixirinm
stability is attained by grain to grain contact. Though maxinum
density is obtained by the proper design of sand gravel comiina-
tion, the required C.B.R. value could not be obtained by addition of
gand. DBut by modifying the, natural gravel with the addition of
its own coarse fractions, its C.B.R. value which is only about 35
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per cent incrcases to about 80 per cent. Hence, it is considered
that it can be used even as a surface course for secondary roads.

The typical cross-section adopted is shown in Fig. 10. Sand
ravel mix was used for the base course. Modified gravel with
addition of about 30 per cent of coarse has been used for the wearing
course. The specifications adopted in different stretchies are given in
Table 7.

Tapre 7
Dase courze 3 in, Wraring course
leach

i
Length ! Subgrade | conpacted thick- 3 in, compeeted
I ness : thickness

1

i 15 per cent (C.B.R. 33 percent) ccarse fraction

' ‘I 1 (CVB.R, 82 per cent)
1}
I

{
|
!
! s
75,6, 7 3 X 660 ft ‘Tand C.B.R. |} sand + 1 gravel Gravel 4 S0 percent
| | :
{ €60 ft -do- 1 1sand + 1 gravel -do-

TR
" i
! (C.B.R. 69 per cent)
8;1-8 1 mile ‘ -da= ‘1 sand +1 gravel | _do-

+ 2 per cent lime
| }(C.B.R. 78 per cenf)‘
i I

G.4. Design Criteria : The design of the mixes was mainly
based (i) on"the values of the California Dearing Ratio in soaked
condition, (ii) unconfined compressive strength, and (iif) maximum
proctor density value. Variations in plasticity index and grading
limits were not considered in the design.

6.5. Method of Construction: The sandy subgrade was formed
to the required camber. The required quantity of the coarse
fraction was added to the nataral gravel soil and mixed well.  The
calculated quantity of water was added, wet mixed, then spread
uniformly and comnacted to the required thickness and camber.

6.6. Cost per mile Ry

(1} Dase course (sand gravel mix)

4 in. loose thick and 11 ft wide 6,000 per mile

(2) Wearing course stabilized soil
using gravel and 50 per cent
coarse fraction (retained on B.S.S.
No. 7) 4in. loose thick and 10 ft
wide eee 9,300 per mile

(3) Base course of gravel 4 in. thick
(loose) and 11 ft wide (normal
specification) T ... 7,540 per mile

2
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6.7. Behaviour cf the Road: The road where the main traffi
at present consists of iron-tyred vehicles has completed one eyele of
summer and rainy scason and Photos 4 and 5 taken after more than
one year of laying show the condition of the road with improvel
gravel and natural gravel. Photos 6 to 11 show the condition ¢f
the stretches with modified gravel and natural gravel respectivelr
after 1} years of service. The improved gravel wearing surface
continues to be in a very good condition and the field studies en
this experimental work so far made are very encouraging and indi
pate larger fleld experimentation, under diffcrent conditions, If
this modified gravel is surface treated with bitumen, it woull
preserve the surface and increase the life of the surface considerakly,
Further field experiments in this regard are indicated.

It may be mentioned here that the modified gravel surfc-
offers a cheap and vet durable surface for medium traffic in arzas
where gravel is available. As may be scen from Fig. 1, large aves
of the Lladras State have gravel soil. Hence, the surface treated
with modified gravel scems to be ideally suited for the bullt o
rural roads. And when trafic develops, the modified gravel would
serve as a good base for higher type of surfacing. i

7. CONCLUSIONS

7.1. From the study of the laboratory fest results and ficld
observations of the experimental streteh, the following conclysion
are arrived at :

(1) The strength  characteristics of gravel can e
increased very much by introducing an optimun
proportion of coarse fractions (retained on BN, Niove
No. 7) obtained from the same soil.

(2) TFor each sample of gravel, thereis anoptimum pereen
tace of coarse fraction to be added so that the veil
will be minimum and the strength values maximuom.

(3) With the addition of optimum percentage of coarse
fraction, the importance of the plasticity chrrae
teristies of soil mortar vanishes and the quality of the
resultant material depends more on the propertivs of
the coarse fraction.

(4) This type of improved gravel may be succes:fully
uscd in baze courses of pavement with high grade sw-
face. It can also scrve as a wearing course whore
stage construction is proposed.

() Though the required maximum density is obtained by
adding optimum proportion of sand, the C.B.1%. valee
_of 2 mix could not be raised to standards required for
the base below the wearing surface.
}

LE Lrd
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~ o  Tnconcluding this study, it is to be mentioned that thii
type %?surface cannot replace the higher types of surface. ] It 1;
(;}1111x~ hoped that it may ultimately prove to be an ideal low co03

road for areas where gravel is available locally.
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Appendix

Field Method of Mixing the Optimum Proportion of the Coarse Fraction

The optimum proportion of the ccarse fraction to be added to the natural
gravel ean be easily found out in the field by the following method. A known
volume of the natural gravel is taken in a graduated jar and tamped well suclt
that there is no fyrther decrease in volume and the quantity is exactly
measurgd, To this a certain measured quantity of kerosene is added and tre
total volume as indicated by the kerosenc level in the jar is noted.
The difference between tlhie sum of the volumes of the natural gravel
and tho kerozene on oné side and the resultant volme of eravel fillud
with kerosene onrihe other will give the volume of voids, The eoarse fraction
obtained by sieving® on number 7 B.S. sieve is then added in different
proportions, say, starting from § per eent onwards to the natural gravel, ana
the volume of the voils i determined for each mix ceparately as explained
previously. It will be seen that with the addition of the coarse fractions
upto a certain percentage, the voids content decreases,  But by odding
additional percentage of eoarso fractions beyond that limit, the voids content
increases. Hence, that turuing point gives the optimum, percentage of the
coarse that is to be added for obtaining 2 mix that will contain the minimum
amount of voirls.
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.“AN ANALYSIS OF 1958 DELHI TRAFFIC ACCIDENTS ”

By
Miss D. V. Hixgonaxg™®

1. INTRODUCTION

1.1. The number of traffic accidents and the number of persons
killed are increasing considerably every year in Delhi.  Every year
brings about an additional 1,000 aecidents on the police records.
The number of accidents has rizen from 1,127 in 1956 to
2 638 in 1938, i.e,, from 3 accidents to S accidents per day, within a
short period of three years, even though the number of motor vehicles
Las not doubled dnring the same period. In 1939 and 1960,
the number of accidents as report>d hy the Delhi Traffic Police were
3,721 and 4,814 respectively which brought the number of accidents
per day to 10 and 13 respectively.

1.2, The increasing frequency of traffie accidents and the
resultant high death rate due to these accidents show that this acei-
dent problem shall have to be treated scientifically.

1.3. The purpose of this Paper is to investizate ccientifically
the traflic accidents which occurred in Dellil in 1903,

L4, The accidents have been classified according to (i) severity
of accident, (ii) place of accident, (iii) type of vehicles involved in
accidents, (iv) accidents involving pedestrians, cvelists and slow-
moving vehicles during ditfferent hours of day and night, (v) seasonal
daily and hourly variation in accidents, (vi)type ol accidents,
(vii) age and driving experience of drivers, (viii) age and sex of
pedestrians killed and injured, and (ix) surroundings such as built-up
and non-built-up arca, road conditions, surface conditions, weather
conditions, licht and traflic conditions,

1.5. The details of traftic accidents for 1935 were collected
from the records maintained by the Delhi Traffic Police. The data
were analysed by the Hollerith Punch Card System, using a con-
venient system of coding to facilitate sorting and tabulation,

2. ANALYSIS

2.1. The total number of trafiic accidents in Delhi in 1958
was 2,838, These accidents were classified by the police into fatal,

* Central Road Research Instiiute, Now Delhi.
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non-fatal, injury and property damage accidents. The number of
fatal, injury and property damage aceidents was 118,915 and 1,503
respectively. The number of persons killed and injured was 126 anl
1,074 respectively, Table 1.

2.2, The sense the terms like fatal, non-fatal, injury and pro-
perty damage accidents is defined below :

-

; (o) Fatal  accident is o serious injury acecident in which
death occurs either at the spot or later provided the cause of death
is the injury reccived in the accident.

(L) Non-Fatal injury accident is an accident in which a per-on
is hurt, slightly or severely, but no death occurs.

(c) Property damage accident is a collision type of accidunt
in which nobody is killed or injured.

2.3. Fatal Accidents

There were in all 118 fatal aceidents in Delhiin 1535, A
detailed study of Delhi traffic accidents revealed that New Rolituk
Road topped the list. There were O fatal accidents on New Rohtuk
Road, 7 on Grand Trunk Road (Karnal), 7 on Najafgarh Road, 5 on
Elgin Road, and so on. Among the intersections, 3 fatal accidents
occurred at Mori Gate Chowk, 2 at Chatta Rail Chowk (Queens
Road-Elgin Road crossing) and so on.

2.4, The list of fatal accidents on various roads and intersce-
tions on which even one fatal accident occurred is given in Table 2.
This Table also shows injury, property damage and total mwuber of
accidents on these roads and intersections. Various roads and
intersections are shown in Delhi Road Map in Plate I, which alo
shows roughly the areas indicating development that has taken
place in Delhi. '

2.5. Table 3 shows different types of vehicles involved in fatal
accidents,

The vehicles running or Delli roadsare classified into (i) fost-

moving vehicles, (ii) slow-moving vehicles, and (iii) eycles.

Fast-moving vehicles included private cars, taxis, D.T.U.
buses, private buses, trucks, motor-cycles and scooters, motor-cyck
rickshaws and scooter rickshaws, ete.

The slow-moving vehicles included tongas, rehras, bullock-carts,

hand-carts, ete. 4 ;
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The number™ of fast-moving and slow-moving vehicles running
on Delhi roads in 1958 was 23,754 and 13,299 respectively.

Table 3 shows that the worst killers on Delhi roads were trucks
with 49 fatal accidents which accounted for about 42 per cent of the
total number of fatal accidents. The worst sufferers in fatal
accidents were pedestrians and cyclists, numbering 35 and 10 res-
peciively.

3. INJURY ACCIDENTS

3.1. Total number of injury accidents in 1933 was 913. Of
these, 36 injury accidents occurred on  Grand Trunk Road
(Shahdara), 31 on New Rohtak Road, 29 on Qutab-Mehrauli Road,
26 at Chandni Chowk, 24 on Elgin Road, Table 2. Somec accidents
occurred at the interscctions also. Those were 7 at Mori Gate
Chowk, 5 at Chatta Rail Chowk (Queens Road-Elgin Road crossing),
and 3 at Delhi Gate Chowlk, Table 2.

Table 2 shows injury accidents on only those ronds und inter-
sections on which fatal accidents occurred.

3.2 Table 4 shows different’ types of vehicles involved in
injury accidents.

As in fatal accidents, the pedestrians and the cyclists in injury
accidents also were the worst sufferers, involving 399 pedestrians
and 331 cyelists. Here private cars were mainly responsible for
most of the accidents.

4. FROPERTY DAMAGE ACCIDENTS

4.1, Total number of accidents invelving property damage
was 1,805. Of these, 76 occurred in Connaught Circus, 74 on
New Rohtak Road, 57 on Qutab-Mehrauli Road, 42 in Chandni
Chowk, and so on, Table 2. Property damage accidents
occurring at the intersections were 25 at Chatta Rail Chowk
(Queens Road-Elgin Road crossing), 17 at Mori Gate Chowls, 17
2t Delhi Gate Chowk, 17 at Ajmeri Gate Chowk and :o0 on,
Table 2.

Table 2 shows property damage accidents on only those roads
and intersections on which fatal accidents occurred.

P I . . P s .
This information was also collected {rom Delhi Traiiic Police,




354 HINGORANT ON

5. TOTAL ACCIDENTS

The total number of accidents in 1958 was 2,835. Table )
shows the various roads on which the total number of accidents was
more than 10. Only that length of the road between the two
extreme points at which the accidents occurrcd, has been
measured. .

’

The rate of acciden®s was 276 per mile in Faiz Bazar, 120 e
Dufirin Bridge, 115 on Elgin Road and so on.

"6. PEDESTRIAN ACCIDENTS

G.1. There were 465 accidents involving pedestrians. Of
tliese, there were 66 fatal accidents and 399 injury accidents,

6.2. Out of 66 fatal aceidents, 35 occurred with the trucks, 10
with D.T.U. buses, 7 with private cars and so on, Table 3.

6.3. About G0 per cent aceidents involving  pedestrinus
oceurred during day time, 1., from 6 am. to 6 p.m., 26 per cent
during night time, ie., from 6 p.m. to 6 a.m. and in 14 per cent
accidents, the time of occurrence was not stated.

Accidents involving pedestrians during different hours of day
and night are shown in Table 6.

7. CYCLE ACCIDENTS

7.1. From Table 7, it will be observed that the total numberci
accidents involving cyclists was 741. Of these, the number of
fatal, injury and property damage accidents was 31, 331 and 574
respectively,

7.2, ‘Most of the fatal accidents involving cyelists oceurred
with heavy motor vchicles, 10 with trucks, 9 with D/T.U. Inwes,
4 with private buses and so on, Table 3.

7.3. About 64 per cent accidents involving cyclists occuriud
during day time, i.c., from 6 a.m. to 6 p.m., 26 per cent during
night time, i.c., from 6 p.m. to 6 a.m., and in 10 per cent aceidents,
the time was not mentioned.

Table 7 shows aceidents involving cyclists during  ditfernt
hours of day and nighe.
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8. ACCIDENTS INVOLVING SLOW-MOVING VEHICLES

S.1. s shown in Table 8, there were 479 accidents involving
slow-moving vehicles, the number of fatal, injury.and property
damage aceidents being 11, 131 and 337 respectively.  Out of 479
accidents, tongas were involved in 373 accidents, bullock-carts in
75 and hand-carts in 31 accidents,

8.2. The percentage of accidents involving tengas, bullock-

Sy

carts and hand-carts during day and night are shown below :

Accidents

During ‘

. . i
Slow-moving vehicles During !
day time
6 a.an. to 6 p.m.)

night time Time not
(6 p.m. to stated
6 am.) (per cent)

(per cent) ‘r (per cent)
Tongas 57 Sl 12
Dullack-carts ... 19 56 15
Hand-carts 52 P oY 9

Table 8 shows accidents involving slow-moving vehicles,
during different hours of the-day and night.

9. ACCIDENTS INVOLVING FIXED OBJLECTS

9.1, Table 9 shows the accidents involving fixed objects,

V.2. There were 108 accidents with fixed objects, out of which
about 42 per cent accidents occurred with the clectric poles.

10. AREAWISE DISTRIBUTION OF ACCIDENTS

. 10.1. Greater Delhi is divided into three distriets : (i) Northern,
(ii) Central and (iii) Southcrn.

The number of accidents in various districts is shown in Table 1.
Out of 2,838 accidents, 676 occurred in Northern District, 775 in
Central and 1,384 in Southern District.

8
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The various districts are shown in Delhi Road Map in
Plate 1.

11. PLACE OF ACCIDENTS

11.1. There were 2,157 aceidents on carriageways and 681 at
Jintersections, i.e.; about 76 per cent accidents occurred on carriage-
wayy and 24 per cent at intersections,

11.2. Number of fata] accidents on the carriageways and at
intersections was 102 and 16 respectively, the percentage being
about 86 and 14 respectively.

11.3. About 80 per cent accidents involving pedestrians
occurred on carriageways and 20 per cent at intersections, Table 6.

11.4. About 79 per cent accidents involving cyeclists occurred
on carriageways and 21 per cent at intersections, Table 7.

11.5. About 78 per cent accidents involving slow-moving
vehicles occurred on carriageways and 22 per cent at’ intersections,
Table 8.

12, SEASONAL TREND OF ACCIDENTS

12.1.  Accidents do not occur uniformly throughout all tie
months of the year, days of the wceek and hours of the day
Analysis of accidents of some more yvears is necessary before arriving
at a definite conclusion whether the month, dey and the hour lave
anything to do with the occurrence of accidents.

!

The list showing the number of uccidents during various menths
of the year is shown in Table 10.

The graphs showing the scasonal trend of fatal and total number
of accidents are drawn in Fig. 1.

12.2, From Table 10 and Fig. 1 it i3 clear that there are two
main seasons according to the variation in the number of accidents:

(i) Summer season from April to September

(ii) Winter season from QOctober to March

Sumer secason includes rainy scason also, i.c., from July to
September.
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12.3. TIn summer scason, the deviation from the mean is oy
the negative side, the maximum being 40 in the month of Jun..
This means that the number of aceidents was less in summer scason,
the ledst accident month being June.

This may he due toless traffic volume on the roads iy
summer.
‘ 12.4. In winter seazon, the deviation from the mean is on (ke
positi{‘c side, the maximum being 63 in the month of Octoliy,
meaning thereby that the number of accidents in winter scason vas

more which may be due to greater trafiic flow in that season,
12.5. 1In case of fatal accidents, the deviation from the n. t.g

is the greatest (8) on the positive side in the month of May which
can be taken as the highest fatality month.

13. DAILY VARIATION IN ACCIDENTS

13.1. Table 11 shows variation in accidents on difierent ¢aivs
of the week. A graph showing daily variation is drawn in Fig 2,
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Fig, 2, Daily variation in accidents

Drrul TRAFFIC ACCIDENTS 359

The Table and the graph show that the deviation of accidents
from the mean is the greatest (85) on the negative side on Sundays,
i.e., the number of accidents on Sundays was minimum. Apparently
tle reason for this is that offices, firms, schools, and some business
centres are closed on Sundays.

On Mondays, there is great deviation (41) from the mean on
the positive side, i.c., the number of accidents was maximum on

Mondays.

14. HOURLY VARIATION IN ACCIDENTS
14.1. Accidents classified according to various hours of the
day are shown in Table 12,

14.2. The graphs showing fatal, injury, property damage and
. RPN
total number of aceidents arc drawn in Fig. 3.
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From all the graphs, excepting that for the fatal accidents, it is
found that there are two perceptible peaks—one in the morning
from 9 a.m. to 10 a.m and the other in the cyvening from pm. to
6 p.m. There is more traflic flow on the roads during these periods.
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14,3. The number of {atal accidents was maximum during the
period 12 noon to 1 p.m. i

15. TYPE OF ACCIDENTS Photo 1

Head-on collision

15.1. Table 13 shows the accidents classified according to the
type. x
\

A chart showing the percentages of fatal and total number of
accidents according to type of‘accident, is given in Fig. 4. This
shows that out of 1,210 accidents in which the type of
accident was known, about 49 per cent accidents occurred us .t . .
result of collision of one vehicle with another vehicle and rear-end ‘

s s . P !
collision ranked high, followed by head-on collision,
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15.3. Of 97 fatal accidents in which type eof accident was
known, about 68 per cent accidents occurred with the pedestrians,
10 per cent due to rear end collision, 9 per cent due to head-on
collision and so on,

16. AGE AND DRIVING EXPERIENCE OF DRIVERS

16.1. Table 14 shows the age and driving experience of the
drivers,

16.2. Full particulars regarding the age and driving experience
of ths drivers were not available for all the aceidents. In the
ahsence of such knowledge, it is not possible to come to any
conclusion regarding the relationship of age and driving experience
o accident proncness,

However, from whatever statistics it was seen, the drivers
within the 25--29 years age group and those with §—10 vearsdriving
experience produced more accidents than any other group.

17. AGE AND SEX OF PEDESTRIANS KILLED AND INJURED

17.1. Table 15 shows the ange and =ex of pedestrians killed
and injured.  Although the statistics regarding the age of pede-
strians killed and injured were not  available in moere thm
30 per cent accidents, it was obszerved from whatever duta was
available that the maximuam fatality percentage and maximum
injury percentage occurred in the ace group of 3-14 years,

1. SURROUNDINGS

18.1.  Built-up and Non-Built up Areas

Accidents classified according te built-up and non-bLuilt-up
areas are shown in Table 16.  Abhout 94 per cent of the total acci-
dents occurred in built-up areas and 6 per cent in the non-Luilt-up
ares, the percentage of fatal accidents in built-up and non-Luilt-up
areas being 81 and 19 respectively.

182, In non-built-up arca, about 10 per cent accidents
occurred due to overtaking whereas in built-up area only 8 per cent
accidents occurred due to the same reason, Thisis perhaps dus
to the fact that in non-built-up area, there is lass traflic volume
on open roads. Therefore, the drivers are tempted to overtuake
the other vehicles,
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18.3. The percentage of accidents with the pedestrians ir
built-up and non-built-up areas was about 22 and 28 respectively
in spite of the fact that there i3 less number of pedestrians on roa:d:
in non-built-up area. The reason may be high speed on the part
of drivers as the traffic flow on the roads in non-built-up area i:
light.

19. ROAD CONDITIONS

Acecidents classified according to road conditions arx
shown in Table 17. About 85 per cent of the total accident:
occurrcd on straight roads, 12 per cent on curved roads and
3 per cent on hilly roads.  About 23 per cent accidents on strai iu
roads and 48 per cent aceidents on hilly roads occurred due te
rear-end collision whereas about 31 per cent accidents on the curwved
roads occurred due to head-on collision.

20. WEATHER CONDITIONS

20.1. Table 18 shows accidents classified according to weatler
conditions.

20.2. In clear weather, the percentage of accidents was
about 91 and in rainy and cloudy weather only 9. The reasen for
this may be that rainy scason in Delhi lasts for only 2 to 3 months
in a year, ie., from July to September and even during thes
3 months, it is not raining continuously.

20,3. The number of fatal aceidents in clear weather was
46 as against 1 in rainy season. TIatal accidents mostly ocenrrad
with the pedestrians and eyclists. In rainy scason, the nuaber
of pedestrians as well as cyclists on the roads ig less.  Poople
instead of going to their offices on bicyeles, like to go by buses.

.21, LIGHT CONDITIONS

21.1. Table 19 shows accidents classified according to light
conditions.

21.2. About 76 per cent of the total accidents occurred durin
day-time, 20 per cent during night time and 4 per cent at dusl.

21.3. The percentage of accidents with the fixed objuctsd
dusk and during dark hours was much more than the pcrcmtx?f
of accidents during day-time. The reason for this may be th
the fixed objects are not distinctly visible during dark hours.

, Y
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2L+ The percentage of accidents due to head-on collision
during dark hours on roads with poor and no strect licht was about
35 and 42 respectively whercas during day, dusk z:;ul (lz;;k with
good strect light, the percentage was about £2. 19 and 17 respec-
tively. This may e due to the fact that the driver of one “e-ixric]e
could not have seen the other vehicle due to improper road lichting
or due to dazzle caused by the other vehicle, : ° °

21.5. Out of fatal accidents, nicht fatalities .
abont 19 per eat , Dig talities accounted for

22. TRAFFIC CONDITIONS

22,1, Accidents classi i
221 s classified according to traffic conditi
' : : afiic conditions ;

shown in Table 20. 7 e

09 o / RE) . H

222, About 22 per cent of the aceidents oceurred on the roads

with dense traffic, 29 per cent on the roads with moderate traffic
and 49 per cent on the roads with light traffic.

22.3.  On roads wi il i
withhﬁxed oo I¢ .'thh densc;tmfuc, the percentage of accidents
v uxed objects was about 2 as against 7 and 9'in case of roads
with light and moderate trafiic respectively, ‘

05 . oy

. =24 The pereentage of aceidents with the pedestrians  was

about 30 on roads with light trailie, 20 on roads with moderate

Exa}ﬂf‘wland 18 on roads with dense trafiic. This could be attributed
oy - . . - ¢

0 hugher speed of the vehicles on roads with light traffic,

23. CONTROLLLD JUNGTIONS

.23 The pereentage of accidents due to rear-end col
Junctions with dense t.uftic was about 36, with
and with light traffic "2, o
. .

) ‘f.’? 2. The pereentage of accidents due to overfakins was
a ]0}& I7and 15 at junctions with denso and moderate fmfﬁ‘c ros ﬁc-t"\)
vely but there was no sueh aceident at the junetions with lizht tzpiiu(l*

lision at
moderate trailic ¢

99 1
ticns-;;i?;h H’E]lxi %n,x{(;‘entage 011" accidents with fixed objects at june-
1L trathie was about 22 as acains 3 ] i
i g about 22 as against f and 3 at 3
‘ ¢ g : S oat Junctior:
with dense and moderate traflic respectively, J o

24, UNCONTROLLED JUNCTIONS

...4 i
ju .t:i 1w ;fhe percentage of accidents due to rear-end (‘O”i.?fon at
’ nctions Wltrh dcnsc, modcrate and llght tl‘ﬂﬂi(‘ was Rb()llt 37,9
)

~d
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and 27 respectively and those duc to overtaking were 10, 11 & 3
respectively.

25, RECOMDMENDATIONS

25.1. The limited study of one year traffic accidents indicates
that during 1958, 70 pedestrians were killed and 423 injured, i.c.,
about 56 per cent of the total number of persons killed and 39 p("‘
cent of {10 total number of persons injured were pedestrians.
Therefore, considerable reduction in the number of pedestrian
accidents could be affected by providing side-walks on either side of
the roads and making suitable provision for them to cross the roads.

253.2. Cyelists were involved in 741 accidents, i.c., about 25
per cent of the total accidents. Cycle traffic should, therefore, 1
segregated from the motor-vehicle traffic wherever possible and
cycle tracks should be of such quality that cyclists may feel attractad
to use them.

25.3. There were 108 accidents with the fixed objects.

Fixed objects should be far removed from the roads wherever
possible and, where not possible, they should he made distinctly
visible both during day time and during night time. Alout 42 per
cent of the accidents involving fixed objects occurred with tlhe
electric poles which points out the necessity of keeping road
shoulders clear of the polesor else making them distinetly visille
with black and white paint or by some other means,
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Taprr 1

Accidents in Delhi in 1938—classified

according to districts

Acvcidents

Ditrict | | gy ety | e B e gl
‘ B ‘ lnl’lni 1
Northern 39 257 380 676 29 298 337
Central 16 236 145 s o3 276 220
Suuthern 33 4o u29 1,851 NE 00 33t
Total “1_1;7 N ‘;157 -_1-,;1’.;’_ T,:a— 71:1} 1,074 1,200
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Showing fatal, injury and property damage accidents on

TanLe 2
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various roads and intersections where even
one fatal accident occurred (1938)

; Accidents
.\(nme of the road Fatal Injurs : I:{lorﬂclliv - Totxd

New Rohtak Road * 9 31 74 114
Najafearh Road 7 20 23 o
G.T. Road (IKarnal) 7 17 23 i
Elgin Roaid 3 ot i 6o
. T. Road (Shahdara) 4 a6 33 A
Old Rohtak Road 4 7 5 14
Mori Gate Chowk 3 7 17 i
Gurgaon Road 3 5 3 13
Chandni Chowk 2 26 42 T
Ring Road 2 10 2n 41
Subzi Mandi b 10 22 3t
Chatta Rail Chowk (Queens

Road-IZlgin Road Crossing) 2 3 23 32
Bela Road 2 6 15 25
Pusa Road 2 b 13 24
Gandhi Nagar 2 8 v 17
Link Road 2 I 9 14
AMutiny Memorial Road p { 9 15
Sadar Bazar o 2 6 1n
Kalkaji 2 (UNEN 0 2
Connaught Circus 1 16 76 us
Qutab-Mchraunli Road 1 20 57 w7
Deshbandhu Cupta Road 1 2 15 1
Mall Road 1 10 i Y
Chelmsford Road 1 2 17 H
Patel Road 1 ’ 4 15 L
West Patel;Nagar 1 4 v 1t

r

Al
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Tanrz 2 (Contd.)
l Accidents
Name of the road i Fatal Injars 1‘,{105;[;; | Total
Dufierin Bridze 1 3 12 18
Asaf Ali Bead 1 3 11 17
Kitchner Road 1 8 7 16
Reading Road 1 3 ¥ 16
Tis Hozari 1 1 11 16
Bahadurgarh Road 1 2 12 15
Kishanganj Ruad 1 5 s 1t
Jamﬂa Bazar 1 4 6 11
Raj Path 1 S 7 11
Minto Dridge . 1 4 5 10
Faiz Road 1 1 7 0
Court Road 1 1 7 i)
Chitra Cupta Read 1 4 S §
Vinay Marg 1 3 1 )
Jheel Kuranja 1 4 2 7
Station Road 1 1 3 3
Hastings Road 1 1 S 3
Boulevard Road 1 2 2 3
Idgah Road 1 1 S 5
Caleutta Gate 1 1 2 n
Shakur Basti . 1 0 3 4
South Avenue - . 1 1 ) 4
Pascluni Marg . 1 0 2 )
Lukhnow Road " 1 U 1 2
Village Buwsna 1 0 1 2
Chirag Delhi 1 0 1 2
Mondi Road . 1 0 0 1
Kesho Road 1 0 0 1
Village Mitrou . 1 0 0 1
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TABLE

Name of the road

l TFatal l Injury

Property !
damage !

Kabul Nagar
Villagh Kerala '
Pcrperganj Road -
Dhansa Road

Jatekara Road

Delhi Gate Chowk

Ajmeri Gate Chowk

Minto Circus

Lodi Road-Lodi Lstate Road
No. 1 Crossing

Gurdwara Read Crossing

Mathura Road-Okhla Road
Crossing

Akber Road-Mansingh Road
Crussing

Bahadurgarh Road-0ld Rohtak
Road Crossing

Najafgarh Read-Shadipur Cressing
Ring Read-Lancer Road Crossing
Alipur Road-Ring Read Crossing

Alipur Roead Crossing near
Kashmeri Gate

Madan Read Crossing

Total e
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0
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17
17
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Note:—Only those interscctions where fatal accidents occurred, are shovk
separately but other intersections where injury and property damag
accidents occurred, are included in tho major roads.
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Taorz 3

Fatal accidents involving different types of vchicles

W n O | =
L. < . ! z 2 2, e . T
TR e Al R
S .4 =2 22|25 sz TIEL s e 8
SEE-RIR I PR I I S [ == O R ) =)
e le A ~ Hi=o 2! ol o S =
P, car 2 0 0 0 1 0 0 1 2 7 S 2 18
Taxi 0o 06 0 0 0 0 .0 0 1 4 0 0 5
D.T.U. bus 0o 0 0 -0 0 0 1 2 9 10 1 0 23
Private bus .0 0O 0 0 0 1 (] 1 4 4 1 0 11
Truck 0 0 0 1 0 0 0 1 1 33 0 0 47
Motor eyele 0 0 0 0 0 0 0 1 0 2 0 U 3
Rickshaw 1 0 @0 0 1 0 0 1 1 0 0 3
Slow moving
vehicles 0 0 0 0 0 0 2 2 0 4
Bicycles o 0 0 0 0 0 0 0 1 1 0 2
Total ... 3 0 0 1 2 1 1 720 68 6 2 118

Note :—Rickshaw is carriage-driven by a motor-cyele or a scooter and is
used for passenger transport,

TArLE 4

Injury accidents involving different types of vehicles

], s E E
[P N ~ VAR N
SjE|dTET R 2T R T SR I
P. car 7 3 2 0 6 17 10 2 0 263
Taxi 3 1 0 0 0 2 1 1 0 74
DTUbuss 3 ¢ 1 0o 1 3 5 3 0 92
Private bus 1 0 o0 0 0 1 2 1 0 28
Truck 1 1 1 1 5 2 5 19 51 30 3 1 142
Motor eycle 3 1 1 o ¢+ o0 2 2085 40 2 0 1o
Rickshaw 6 1 1 0 1 4 4 0 £ 40 2 1 12
Slow-moving
vehicles 0O 0 0 0 1 1 0 7 16 59 1 4] G5
Bicycles 1 o 2 2 1 0 21 1 0 29
Total .., 25 7 6 1 20 32 30 %3 S02 300 18 2 9015
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Table showing the rate of accidents on various roads

during 1938

Druur Trarrie Acomprsts

TasLe 3 (Contd.)

(X3
-1
(g

Naue of thoe road

Tu‘ I No.of

Lenzthiin

‘ Rate of avcidigs s

i, Nooofaeis

1 aceldents nules dents per it

1’ﬂiz-}a‘:lzax‘ 69 0.23 276.0
Dutferin Lud«'u - 18 0.13 1200
Elzin Road - 3 0.53 1150
Pal Mithai 11 013 545
Jaupath 70 1.20 G35
AMinto Read 35 0,55 60.3
Tarliament Street 57 063 6.9
Barakhamba Road 23 0.53 47.2
New Doktak Roead 114 2.63 45.4
01d Rohtak Read 17 1.00 170
Panclikuin Road 50 1.23 409
Chelmsford Road 20 0.50 404
G.T. Road (Shahdara) 75 2.10 335
G.T. Read (Karnal) 47 4.43 1.6
Tis Hazari 16 W 7.2
Irwin Road 43 1.20 510
Queens Road 35 1.68 343
Malkaganj Road 27 0.50 33.3
Curzon Road sl 1.00 3im
Mathura Roead 146 180 S04
Bahadurgarh Road 15 0.32 28,9
Thompson Road 12 0.43 279
Arya Somaj Read 21 0.80 26.3
Church Road 17 0.63 AR

Shahjehan Road 15 0,50 T,
Pusa Roawd 20 0,50 0.0
Alipur Ioad 25 Luo 250
Mansingh Road 11 0.43 24t
Naya Bazar 1, 0.80 20
Lothian Read 14 0.60 253
Reading Road 16 0.70 220

Name of the road

Toial No, of

1

Lengthin

aceidernts

Ratn of
i, No.of acei-

aceidents i milcs drnits per milo
|

Kishanganj Road 11 0.63 RaRY
Circular Road 24 1.08 220
Qutal~-Mchrauli Read 57 1.00 21,8
Najafgarh Road 5t 2.3 0.4
Patel Road 20 Ly 20.0
Mall Road - 20 1.05 19.1
Asaf Ali Road 17 0.93 13.3
Bela Roac 23 1.33 17.3
Hamilton Road It 0.53 15.9
Hardinge Avenue 13 0.50 16.3
Gurdwara Boad 11 0.73 15.1
Frithvi Raj Road 16 1.1y 14.6
Roshanara Road 12 0.55 1Ll
Deshbandhu Gupta Road 21 15 S
M.AL Road (Mutiny Memorial

Road) 15 1.2 123
Ashoka Road 1 0.00 12.2
Wellesley Road n 0.0 11.8
Liuk Road 16 145 11.0
Ajmal Khan Road 12 1.10 10.9
Rajpath 11 1.03 10.5
Jamna Bazar 11 1L.03 10.3
Rajpur Road 12 1.20 1.0
G.B. Road 1 1.20 9.2
Kitchner Road 16 1.83 8.7
Ring Road 43 5.40 8.0
Shankar Road 3 1.80 7.2
Lodi Road 12 Lso 6.7
Gurgaon Read 13 1) 6.9

Note :—The aceidents which occutieday the intorsoctions
ned to Majer Roads while calenlatine the rate of aecid u\t\ Ca
on Elgin Road also include the accidents which cecuirod

9

h’\(‘]un assize
I ve aeeilents

wt Ch ‘tt. Rl Chowk,
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TanLe 8
Accidents involving slow-moving vchicles during different hours of day and night
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4.00
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1
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8.00
9.00

~— 1L00

13

0

0

Y]
16

0

53

0

11

12

i

x

6.00 A0,

E

0

11

O

Not stated

-

br)

1

Al
-l

u7

Total

11

-

3

1 oecidents
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Drrur Tearric ACCIDENTS

Tavry 9

Accidents with fixed objects

Lo

-1

Accidents
Fixed object — e

| Total

1

Poreentege
of tetal
acellents

Fatal Injury l I:l‘:};l(ql;:
Elcctrie pole 0 O o
Traffic islands l—»m_ TT—W’W‘ TJ
iﬂmv@ qu_j: o >0‘ o 7;> ) ]li 7
EFCO o W“ Jw o 7(} 7 71 .
Evilding, Cate, Wall 1 0 i
Miscellaneous o - *(: o "1‘7 ) 71"5
T Tol .. 5 18w

1 145
7*11; o ”I—t,v\‘ 7
T
T es
TR T
tos B JARINI]

Tavrn 10

Accidents classified according to month of the vear

) o
] Aevidents ' D(i‘;‘\flf:;tl"l i Do,vi»ltil\n of
Month f~ e accidenrs total No. of

. ) i Pro- 1o l'ﬂ 7 accidents from

| Patal | Iujury © perty | Total “'n‘l“ e the mean

{ damage niean
January 10 SN 146 236 0 0
Fehruary 9 i 161 213 -1 49
March 11 70 146 256 + 1 0
April 16 72 140 222 0 - 1t
May 18 63 14t 025 + 8 — 11
June 8 37 151 195 -2 — 4N
July 7 73 143 223 -3 -1
August 8 61 159 223 -2 - 8
September 6 83 140 231 -4 - 5
October 12 o3 186 209 42 + 63
November 11 78 155 24t +1 - 8
December 8 S9 1534 251 -2 + 13

118 915 1503 2833
For fatal accidents, Mean = 10 For tetal Nov ot ee idonts, Mean = 236
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TaBLE 11 TarLr 12

Accidents classified according to day of the week Accidents classified according to hours of the day

Aceidents Accidents

Tours of the day

Day of the week

Pl ooy | T ot Dogtion e Futal | Ty |\ Tl

{ : — 0 -100 A 2 9 1t

Monday - 10 1o e 89z +i 1.00- 200 ane 3 1u 15
Tuesday T 116 222 85 + 5 200- 300 A 0 ¥ b v
) 2.00- 400 ant. 2 7 7 16

Wednesday 20 100 241 361 + 1 1.00- 500 Ao 1 2 4 7
5.00- 6.00 A, 2 7 9 13

Thursday 17 123 233 373 + 22 6.00- TU0 AT 3 22 39 65
- o 7.00- 8.00 AN S 26 70 104

Friday T 107 o2 347 -1 8.00- 9.60 ASx 4 61 s 180
T 0.00-10.00 Ao i 62 131 200

Saturday .22 124 2 360 + 9 10.00-11.00 At 0 5t 107 170
- 11.00-12.00 XNoon. 8 byl 119 184

Sunday S 100 159 266 - 1200- 100 vax 12 41 92 145
Not stated e 13 103 265 383 N L0000 i o 1 10
. e 2,00~ 3.00 por 5 16 100 151

Total 118 C 015 1805 2338 3.00~ 4.00 par 35 €0 04 159

4.00- 5.00 por 9 64 123 100

For total No, of n(-ci(lants, Mean = 351 500- 6.00 .. 10 64 106 s 180

6.20- 7.00 roL ’ 4 51 103 138

Note :—While finding the mean, the columr ‘not stated’ has not Leen toban 7.00- 800 ror 3 43 o7 143
into consideration, 8.00- 9.00 P 1 40 61 103
9.00-10,00 .. 0o 20 53 s+

10.00-11.00 o, 2 21 33 6

11.00-12.00 lid-night 0 0 3
Not stated S 93 212

Total : 118

015 1,805
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Tapr: 14

Accidents classified according to age and

driving experience of the drivers
TaBLE 13 & xP

!
Accidents classified according to type Lo ) ] Accidents
v i No. of drivers {
Agein years I involved in e - Sm s o s e
S : o aceidents . . Property v [Percent~
\ . Accidents % 2 g;, - : ? [ Fatal | Injury (Iﬁ)llnam; : Toral |'° oo
Typa of =_T5 l2_% e
accident Promerte DEREE T -
Fatal | Injury 000 Total @ 5 T Z 05 T 15—19 0 0 7 2 0 1.6
v - damage [ & S B
) N B s S L 20 — 2t 38 3 31 1 53 103
Head-on collision g 5 133 20 0.3 154 25— 99 T o0 10 S8 2 200 536
Rear-end 10 tEI R Y 10.3 10 30 — 31 167 22 5 03 167 208
Overtaking 0 14 57 1 0 50 35— 44 00 1 35 51 G0 16.0
Loft turn 0 6 0 - o Lo 43 — 51 3 3 4 22 5 6.1
. ' 55 — 64 2 0 2 0 2 0.4
Right turn ,, 0 6 9 13 0 12
65— 74 0 0 0 0 0 0
Perked vehicle 1 3 26 32 L0 24 '
’ 753 years and over 1 1 0 0 1 0.2
Pednstrian (Hy 309 0 465 6.0 33,1
Total 561 43 222 230 361 100.0
Fixed object 3 18 S5 108 5.2 8.0
Animals 3 21 0 26 5.2 R
Other causes
{over-turning, ‘
ran off etec.) 1 6 12 19 1.0 1.6 Driving experience
Total 97 622 491 1,210 100.0 100.0 1 year 19 0 12 7 19 3.6
2 years 25 0 14 11 25 7.3
Note :—In only 1,210 accidents out of 2,828, the details regarding type 3, R 0 7 15 22 6.t
of accidents were known. } : a1 1 12 S a1 0.6
‘ 5, 33 9 10 23 35 10.3
6 — 7 years 79 3 28 13 70 23.2
8 ~10 ,, 104 12 31 61 104 30.5
-1 ,, 14 2 6 G 11 4.1
16 years onwards 22 2 14 6 a2 6.0
Total 31 22 134 135 31 1600

Note:—The statistics of ages of only 561 drivers and deiving experieace of
only 341 drivers out of 2,838 accidents were available, -
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Total

Child

d__

No. of pedestrians injured

injure
Fomale

.

Malo

Iled and

i

19
Per cent

Total

TanLe 15

Child

No. of pedestrians Lilled

Female

Male

Showing age and sex of pedestrians 1

Age group in years

T, YATTIC NTS 3}
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. TaBLE 16
- ow oo @ o | o I § . . . )
Mg e 2 oe s | S | Accidents classified according to surroundings
- k - ; (Built-up ard non-built up arca)
| ! 4 L
czag e {3 "8 ] 2 ‘ i Accidents lPercentage
L& - ; Area Typo of collision : | - . i trcil
i = B ; | e 0ta
; gl ! :letﬁl[ Injury ! Propgrr) - Total [nccillents
| | < damage i
= =) a2 =y % | S S S i '
| j z Built-up  Head-on collision 2 35 N 142 23,1
. : ! < area Rear-end 3 5t 120 177 286
- i =y
Gz e e a3 ; & 2 Right turn =, 0 4 7 11 1.8
i | < .
b = Left turn 0 4 4 8 1.3
“mo e ooa | @ | o l . z Overtaking 0 9 a1 50 8.1
. T8 A s Parked vehicle 0 3 17 20 3.2
! : : Pedestrians 21 110 0 134 oLy
e @ o 2 * Fixed ohject 2 s 37 47 7.6
ST wn - = =
=52 =" = = Animals 4 10 0 14 23
; i Others 0 5 9 1t 23
SR NN ;2 % l2 :g *Not stated 0 T 77130 B 72710 B —*
? i z Tutal 11 330 151 834 1000
5 4 :
-~ s o o o i B e o z
H : : ‘on=built  lead-on collision 2 2 2 6 16.7
; = up area dear-cnd . 2 3 1 [ 16,7
oW o~ el o~ : 2 8 pa . Right turn , 0 0 1 1 28
| Iy
! = Left turn  ,, 0 0 1 1 2.8
: - ~ < Overtaking 0 1 3 7 10.4
= B = 4 3 L B 0Q
omomoeoe S < Parked vchicle 0 0 1 1 28
= Pedesirians 5 5 0 10 297
‘ ; Fixed objects U 0 3 3 8.3
Tz f[ Animals 1 0 0 1 2.8
21 = Y -
&z = *Not stated 0 6 11 7 —*
= A ' = = [ . oL . e —————
o | ¥ £z = Total 10 20 23 33 100.0
z = vioT < o L .
N ] * = T T e e e . -
s T e 1 z Grand total 51 330 474 887
[ S A T > 1 7
‘ i ; 3 Tote:—1, In only 837 accidents cut of 2,838, the details regarding ¢ built-up
: - and ‘non-built up’ areas were known,
| 2. *While calculating the percentages, the column “not stated” has
! not been taken into consideration, .
i
|
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TABLE 17 TasLp 18
Accidents classified according to road conditions Accideats classificd according to weatiier conditions
: ] Accidents i ! Accidonts o
Road . T T - - o L =
condition Typeof collision : ‘ l Pro- | ‘I‘( reent Weather Type of collision ! ! Pro ) ‘:‘
[ AR [ I P TR R L rerecuts i H o= z
P Fatal ! Injuey ‘(]I;;};{lp‘i Tetal =74 | ; Latal s lnjury | operty o Total =
e N ; i ; tdaoge -
Liraioclit & S " i<l ; o ¢ RN L. T ST
Straight &  Head-on collision o 49 69 121 .:3.: Clear Head-on collision o 51 51 117 219
£y K RPTER et i) % ~ 25 2nd
flat road sear end L 4: 101‘ L)‘l ._..3 Rour-end . 3 m 10 171 o9
R’%'],l.t turn " v 6 ‘3 13 Right tum 0 3 A S 1.3
Lt tun.r " 0 1 .‘% 8 H Leit turn " 0 1 3 9 1.7
g\olx:fnlkx’nf. , :: 12 “: 18 \_" Overtaking f 8 33 41 7.0
arked vehicl z L 16 o Parked vihicls 0 2 17 19 3.6
-~ ~ - o 3 1 3 DEN}
F L.ils strians 23 09 0 124 220 Pedestrians ot L3 t) 122 ns
" - M R [} - 9.) .
Fixed abject 2 ‘ 32 41 v Fixed cbjoct 2 7 51 10 75
xfxmmals 5 10 0 15 2 Apimals 5 0 0 e 24
Q t'hers 0 3 > S 1.5 Others 1 3 - 14 2.6
*:\ ot stated 7 6s 119 183 —- * Not statod 5 I 11¢ 139 —
Total 47 207 ws2 760 1000 - Total 45 20 v 724 lwo
Curve or Head-on Collision 1 4 18 23 0T laining © Mead-on collision 0 1 3 12 24.5
bend in Rear-end 1 [ 7 1t 154 Rear-cud ' 8] S 7 10 20.4
road light turn ,, 0 1 1 o 0T light turn T 1 1 2 4.1
Left turn ,, 0 i) 2 3 27 Overtaling 0 5 4 7 14.3
Overtaking 1 4 3 G .0 Paiked vehicla 0 0 1 1 2.0
Parked vehicle 1} ] 2 2 27 Pedestrian: i B ¢ 6 2.3
Pedestrians 2 12 0 14 186 Fixed oljuer 0 0 0 9 15.4
Ilixed object 0 1 v S 1.7 Animals H 1 ) 1 2.0
Others ‘ U o 2 4 35 Others u i 1 1 20
*Not stated 1 3 I e — * Not stated 0 7 v 16 —
Total 3 RE ()] 40 i 1€0.0 Total ) 1 24 HY (&) 100.0
Hilly road Head-on collision {] 1 2 3 [ B I Cloudy Head-on collision 0 0 ] \ -
Rear-cnd |, 0 Y b 10 47.6 Rear-cnd . 0 0" 1 1 23.0
Parked vehicles 0 1 1 2 0.5 Pedestrions 0" | v ! 25.0
Pedestrians - 0 3 0 3 143 Animals 0 { il 1 25.0
Fixed ObjGCt ,0 1 1 2 0.5 * Not stated 0" 0 bl 2 —
Others 1] 0 1 1 1.8 e : T
[ o t { 100.0
*Not stated 0 G 2 S — Total 0 2 3
Total 0 17 12 2 1w Grand total 17 8Ly 125 Tl
] Y - £y i L.
Grand total 52 318 454 154 Notei—1, In only 795 accidents out of 2,838, the weother conditions were
known,
Note:—1. TIn only 851 accidents out of 2,838, the road conditions were Lnowr. 2. % While caleulating the poreentage, the column * ot atated ' fres not
2. *While enleulating the percentege, colutun “not stated’ has not been taken into censideration. .

been taken into consideration,
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TABLE 19
Accidents classified according to light conditions
' Tasrz 19 (Contd)
! Accidents s | \ecid e
. i £ : Accidents Soom
(‘ol;xlifi}tlﬁjn i Type of C,\‘]“Siuu j i Pro- Z Light Tvpe of collision :::F.:E
; Tatal | Injury | perty | Tetal o condition P f ‘ Dro- £%3
, ; fdamege | = i Fatal Tujury | perty | Total £Tz
s - L RS ! i damage | 2
3
Day-Light  Icad-cn collision 4 16 ) 116 218 T - T T
Tear-cnd - 7 m T 149 . Dark with  Head-on collision 0 4 ot o ' 375
Ri~ht turn 0 1 7 11 o pour strect  Rear-end 'y 0 1 t 3 20.8
Loft turn 0 3 6 0 1 light O\'erta}kiug [} 1 1] 1 1.2
Overtaking 0 11 13 o o Parked vehicle 0 o 1 1 4.2
v 'o [ Rl LU . Y ) . N
Parked vehicle 0 s 16 10 56 Pedestrians 2 v v o 0.8
. ) Q
Pedestrians 24 108 0 132 215 lef)d object 0 1 1 = 8.3
Fixed object 2 500 o2 2) 5.0 Animals ! v Y ! +2
Animals 1 5 0 0 L7 "ot stated v 8 8 11 -
Others 1 3 8 12 23 Total 3 13 19 3 1000
* Not stated 5 71 i) 215 -
Total 17 299 101 717 1000 Dark with  Head-on collision 0 2 1 3 £2.0
— y T no street  Rear-end . 0 2 r 2 R
Dusk Head-on eollision 0 1 :) j) 13 S light Fixed object 0 0 1 1 14.3
Rear-end 1 3 3 ) =i Animals 0 1 0 1 143
Ov ertal;.mg 0 1 2 3 .{.: *Not stated 0 3 4 - .
Pedestrians 2 6 0 8 250 -
Fixed ohject 0 0 1 1 25 Tetal v 8 6 I+ 1oow
Animal: ) 1 3. _ o
Animals 0 ! ( 1 Crand total 61 305 530 035
Others 0 0 1 1 k3
*Not stated 0 1 5 6 — -
Total 3 13 o 58 oo Note:—(1) In only 986 acvridents out of 2,838, the dctails rezarding light
. conditions werc available.
ark wi {ead-on collisic ) { 2 13 iTh
Dark with I) ead-on collision u v 1 N . “ . (2) *While finding the percentage, the column ‘ not stated” has not
good luear-cnd » 0 14 16 ob =5 been taken into cousideration.,
strect light Left turn s . .0 1 1 2 LY
Overtaking 0 1 7 8 7.5
Parked vchicle 0 1 3 1 25
Pedestrians b 16 0 21 105
Fixed object 0 3 14 17 1%l
Animals 0 3 0 3 2.3
QOthers 0 2 1 3 2.3
*Not stated 3 15 R 45 —
Total 8 62 82 152 100.0

ey
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TaBLE 20 TasLr 20 (Contd.)
Accidents classified according to traffic conditions ) ; , —
5 Aceldents ‘ ;.: z
' Accidents k 2{ : Cogizilgii:ns : Type of collision ! Pro- | 1 ;g_g
¢ : e BT ! i Fatal | Injury rty a e §
Fatal = Injury | perty | Total | & I - ——— : T
: | damage [ Moderate
S D S ' - ! Traftic Head-on collision 0 10 15 25 235
Densetratfic  Head-on collision 0 3 13 16 RS Rear-end ,, 1 10 20 31 31.7
Rear-cud  , <1 4 14 19 206 Left turn 0 0 1 1 Lo
Ovértaking 0 3 6 9 145 Overtaking 0 0 6 G 6.1
Parked vehieles 0 0 2 2 R Parked vehicles 0 2 1 3 3.1
Pedestrians 3 S 0 11 172 Pedestrians 5 15 0 20 20,4
Tixed object 0 1 0 1 16 Fixed object 0 2 7 9 9.2
Animals 1 2 0 3 49 Animals 0 1 0 1 1.0
Others 0 1 0 1 1.6 Others 0 0 2 2 2.0
* Not stated 1 12 25 33 — *Not stated 2 17 15 34 —
Total G 34 60 100 1000 Total S 57 67 132 1€0.0
Densetraffic  Head-on collision 0 1 12 13 245 Moderate Head-on collision 0 0 3 3 23.1
controlled  Rear-end ,, 1 1 17 19 558 Traffic cont- Rear-end ,, 1 0 5 6 46.1
junction  Right turn ,, 0 ] 2 2 38 rolied junct- Overtaking 0 0 2 2 15.4
with ‘ma-  Overtaking 0 2 7 9 17.0 1on withy Pedestrians 1 0 0 1 77
nualopera=  Pedestrians ] 6 0 6 113 manual ope- Fixed object 0 1 0 1 T
ted signals  Fixed object 1 0 1 2 3.3 rated signals *Not stated 1 3 3 7 —
Animals 1 0 0 1 1.9
Others 0 0 1 1 1.0 Total 3 1 1320 1000
* Not stated 1 1 9 —_
Total 1 11 47 62 10660 Moderate Head-on Collizi n 0 10 9 19 a7
Traffic Rear-end 5 0 6 12 18 225
uncontrolled Rightturn ,, 0 1 12 2.3
Dense traffic Head-on collision 0 4 4 3 11.4 junction Left turn . 0 0 1 1 1.2
uncontroll-  Tcar-end ,, 0 0] 17 26 5T Overtaking 0 4 3 9 1.4
ed junction light tuen ,, | 0 1 1 2 24 Parked vehicles 0 0 2 2 25
Overtaking 0 0 i 7 109 Pedestrians 2 10 0 21 26.2
Parked vehicles 0 1 3 { vt Fixed object 0 1 3 6 7.3
Pedestrians ] i1 2 13 15.6 Others 0 2 0 R 25
Fixed object 0 1 5 6 S *Not stated 0 3 15 20 —
Animals 0 3 0 3 L3 ; -
Others 0 0 1 1 B Total 2 43 50 1o 100.0
* Not stated 0 0 13 22 -
Total 0 30 33 02 1.0
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TASLE 20 (Contd.)

TLHI TRATFIC ACCIDINTS

Accident

T‘"“.m"" Ty pe of collision !
conditions | N . l . i Pro-
i Fatal 3 Injury , perty | Total
! ! i damage i
Light tratfic  Head-on collision 1 23 21 15 237
lear-end vs 2 12 21 33 20.0
( Right turn ,, ! 0 1 2 3 1.7
Left turn ’s 0 S 1 4 2.5
Overtaking ] 2 10 12 6.9
Parked vehicles 0 0 ] 5 29
Pedestrians 11 42 0 53 30.3
Fixed object 0 2 11 13 7.4
Antmals 0 3 0 3 1.7
QOthers 0 0 2 2 1.1
*Not stated 0 13 37 55 —
Total 14 106 110 2340 10040
Light traffice Head-on Collision 1 0 3 4 17.4
controlled Rear-end 'e 0 2 3 5 b3 s
junction with Right turn ,, 1 ¥ 1 1 4.1
manual ope- Left turn ., 0 0 1 1 1.4
rated signals Parked vehicles 0 0 1 1 R
Pedestrians 0 bis {r Q ST
Fixed object 0 4 & 215
Animals 0 1 0 1 4.3
Others 0 0 3 3 13.0
*Not stated 0 2 1 6 —
Total 8 20 29 1600
Lizht traflics . Head-on collision 0 [ 6 2
uncontrolled Rear-end 0 10 8 18
junction 2ight turn ,, ] 1 1] 1
Left turm ’e 0 1 1 2
Overtaking 0 2 1 2
Parked vehicles 0 1 3 t
Pedestrians .4 11 0 15
Fixed object 1 (V] § 9
Animals 3 1 0 4
Others ] 1 (4 1
*Not stated 3 10 16 29 —
Total 11 44 4 97 1000
Grand total 49 331 462 862

Note :—(1) The terms dense, moderate and light traffic have been used by
Police department as per observations made at accident spot. _
(2) In only 862 accidents out of 2,838, the details pertaining to o

conditions were known,

(3) While calculating the percentage, the column  not stated” has 1ot
been taken into consideration,

+
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For maximum efficiency—economy

All-round saving on battery costs \ 1
Compared to ordinary batteries for 5’ 3
industrial trucks, STANDARD TPg | 3
Traction Batteries offer a higher [~ ﬁ
capacity -to-weight ratio, an

increased service life up to 100% -

longer, and a saving of up to 10%
in battery costs. ‘
Write today for full details!
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Battery-powered industrial trucl.

Sfaﬂddid — India’s best Batteries

STANDARD BATYTERIES LIMITED, Bombay 55

TWTSTa 4 0

In 1660, it took Shahjehan
fwe days to travel
from Delhi to Agra. ..

.

Today, by road, it takes 4 hotrs! s -
modern asphalt highways ar* engineered for safer, more comforta’ .
transport. These asphalt roads last longer, ride safer and provide mere 2uli:
roads for less money. It is not surprising therefore that Caltex Asphalts

a.rc increasingly used to build modern highways stretching like giant (/
ribbons acress the country. Also used for roofing, battery boxeska:d CAet.
many other items. Write for Caliex Technical Servive and Aivin. \_

CALTEX ASPHALTS

CALTEX (INDIA) LIMITED Bombsy + New De:hi » Calcutis -

iii



v

The Road
to a Better Tomorrow

All alone...before him a hazardous road
to progress which he and the nation must
follow. So much to be done. Dams built,
steel plants erected; roads developed,
improved, extended. For the road to a
better tomorrow depends on better roads
today. Roads treated with Burmah-Shell
Bitumen.

Bitumen is hard-wearing, durable, inexpen-
sive. Bulk handling, pioneered by Burmah-
Shell, has considerably lowered its cost. In
addition, services of skilled Burmah-Shell
engineers are made available.

Wherever there’s need for better roads,
airfields or hydraulic works, there’s need
for Burmah-Shell Bitumen.

This road—in Delhi’s bus.
Connaught Circus—is secn
here undergoing maintenan ..
When this photograph was
taken a 3/4 chipping carp t
was being laid using Mexp' lie
80/100. Bulk Bitumen

was supplied by Burmah-S Il

BURMAH-SHELL BITUMEN FOR BETTER ROADS

Used in more than 50 countries...

for both pre-tensioning
and post-tensioning

The economic and efficient Gifford-Udall
Prestressing Systems are used in more than
50 countries for diverse projects — both for
pre-tensioning and post-tensioning.

Road and rail bridges, factories, godowns,
public buildings, aqueducts and subways—no
job is too big or too small for Gifford-Udall. &
Available: Prestressing jacks * Arnchorage
assemblies * Grout pumps * Shutter vibrators

Toke advantage of Killick's design and conmsulting seryice.

KILLICK, NIXON & CO., LTD,

{A wholly awned subsidury of Killick Indus’ .es Ltd }

Bombay: 31, Muyzban Rd., P. B, No. 109, Fort, Bombay 1,/ Calcutta: D-2, Gillander House, 8, N
Rd.,P. B. No. 719, Calcutta 1./ New Dethi: 10A, Gobind Mansion, Indra Palace Lodge Annexs.

Connaught Circus, P. B. No. 607, New Delhi./Madras: Agurchand Mansion, 35, Meur: 7 - . P. B.
No. 2735, Madras 2. JAhmedabad : Relief House, Relief Rd., Opp. Jycti Sargh. P. B. No. 123, 7 . .1%ad.
ST
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CALCUTTA

STRUCTURAL STEEL WORK.
"REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The: Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

ASHOK ULTRA-HIGH FREQUENCY

CONCRETE VIBRATORS

-

%43
» e-&&»i

THE
NATION’S
BEST

NOTED FOR UNFAILING SERVICE
Complete Renge Manufactured by :
ASHOK ENGINEERING & CONSTRUCTION CO.
Props. : VIBROMACHINES (INDIA) PRIVATE LTD.
{61-1, Mahatma Gandhi Road, CALCUTTA-7

Bitumen emulsions are efficient and economical for surface dressirs,
premix work and soil “tabilization. They require no heatinz. Hence —
no fire bazard . . . no annoying smoke.

Just open the drum and you’re ready to start work. Bitumen emulsions
are specially suitable for repair work, and factory and residentisl reads,

({2)) SHALIMAR TAR PRQDUCTS (1935) L:NITED [

CALCUTTA . NEW DELH! , BOMBAY , LUCKNOW . CHAMDIGARH
Agents :  The Bombay Co. Private Led., Madras-! o R, C, Abrol & Co. (Private) Lid,, New Duthi-l

“IN ONE EASY APPLIGATIC N

\

, RS,

o TSTR 78




Choose from three sizes of

these powerful Loaders designed-
to outproduce and outlive

all others—11} to 3 cubic yards.
Firger tip Forward and
Reversing, extra high lift and
outreach make digging and
loading

EASIER
— FASTER

F
T qHEAtER.

Handling Larth, Stone,
Coal or lron Ore there
are buckets to suit all
materials, all jobs—
YOUR JOB.

8acked by the Service ard Parts Facilities of |

TRACTORS (IND14) WILLCOX (BUCKWELL-LRZ1A) LARSEN & TCUDROD
LIMITED LIMITED LIMITED
Post Box 323, Caleutta Post Box 289, New Dethi Post Box 278, Bambay
Post Box 66, Lucknow Mew Colony, Jaipur Post Box 5247, Madras

TiQ 82

FERTILISER STORAGE SILO AT NANGAL

The 312 m. long storage silo at Nangal, Punjab, has a width of 33 m,
at the floor level with 20 m. height to the crown.

The Silo is constructed of precast segments erected to the prcfile
and connected by cast-in-situ joints which are prestressed. Two
conveyor bridges run at 7 m. and 14.3 m. levels above the ficor
for the collection and distribution of fertiliser. ’

The structure has been designed and constructed by wus for
The Fertiliser Corporaticy of India, Nangal Division.

Specialises in:
Bridges, Harbour Works, Cocling Towers, Water Towars, Chimuvys,

Silos, Dams, Jetties, Hangars, Power Stations, Factorics, Eart. -.urk,
Foundations, Weirs, Syphons, etc,, etc.

GAMMON INDIA PRIVATE LIMI :D

-CIVIL ENGINEERS & CONTRACTORS
HAMILTON HOUSE, BALLARD ESTATE,

Telephone: 264511 (5 lines)

BOMLAT-I

Telegrams: " GAMIION™



This Barbcr.Grezne Mizall produces evon the highoit typs of het mix for quelity patthing sad imall-jo paving. Wrie ter complote informa -

Portable, compact Mixall produces
any type of mix—on the spot

_ Here's unmatched versatlity in quality parching and small- Use the Mixoll to do this wide voriety of obs
job paving—the smrall, highly poruable Barber-Greene MIX in ol lacations, baause it's tomed and fed by tr
Joaded with sggregate—ot Cputatad at stokpule o pi.

Muxall. fo produces even the highest tpe of hot min—
on 1he ipos. MIX in all quantites, from 3-cu-ft. batch up to 10 tph

damage
MIX all types of arphalt paich maternal:, including stote
« independ L of 4 y ) base matctial.

n £Qn .
permic ifdependent coatrol of deying and mixiag. wu MIX portland tement of lomer slump than can be prod
by & consennonal concrete mixet.

Of all patch muxers, anfy the Mixall has a ¢otary drum
dryer and 1win.shaft pugmill. These big-plant fearures

bath cycles operating simultaneously.
Write tor information on the most versotile patch mixer evailable.

BarberzCicenekt 3]

AURORA, ILLINCIS, U.S A,

CONYEYORS ... LOADERS .. . DITCHERS ...

A3t hots abmut= it
William Jacks & Co.Ltd.

(ncorporated in England.  Liabilty of Members Limited)
CALCUTTA BOMBAY  MADRAS  NEW DELHI

Sofe Azents for ; Barbee-Greere Oversear, tng Aurora, Hlirois 4 § A Byrber Greere Cunz 8 Co Hatfaid Hares, Enpiand,

TO EXPAND AND IMPROVE HIG
Also
T
O BUILD A ROAD TO EVERY viLLAG

HWaAYs

g

Mil i gll weather 10 alluw quich separt thet prevents m

ASPHALT PAVING EQUIPME

AGRIND FABRICATIONS LTD
Factory : P2/2, Taratofia Road, Calcutta-24

ER
wow OFEET

AGRIND-MOORE ROAD ROLLERS

DELIVERY : 90/120 DAYS
Distributed by

UNITED PROVINGES COHMERCIAL
CORPORATION PRIVATE LTD
6, Ganesh Chandra Avenue, Calcutta-13

BRANCHES AT—BOMBAY, DELH!, GAUHAT!, LUCKKOW,
MADRAS, PATIALA, PATNA.
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