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Questionnaire for Stakeholders in the Communities

1. Sex: ___ Male ___Female
2. Age:

3. Current job status:

4. Educational background (Last educational level you finished):

____Primary education

___Lower secondary education (junior high school)
____Upper secondary education (high school)
____Higher education (college/university)
____Graduate level (Master’s and Doctoral studies)

5. What kind of roles you have been playing in your community?
(The term “your community” hereinafter refers to the community you are currently living. Therefore,
“people in your community” means those neighbors living in the area where you reside and it
includes not only people in the same socio-economic status as yours but also those people in
different socio-economic statuses.)

6. How long have you lived in this area?

7. What mode of travel do people in your community most often use?

8. Do people in your community use local transit/public transport?
Yes No

=> If Yes, public transport is used by:

_____Everyone in the community
_____More than half

____ Half

____ Lessthan half

9. If people in your community do not currently use public transport, what prevents you from using it?

10. Overall, how would you rate the following transport system in this area?

Condition of roads __ Excellent — Good _ Fair ___ Poor
Traffic speed _ _Excellent — Good _ Fair __ Poor
Traffic safety _ _Excellent — Good _ Fair __ Poor
Footpaths/Pedestrian Crossings _ Excellent __ Good __ Fair _ Poor
Traffic signal system _ Excellent _ Good _  Fair __ Poor
Street furniture* _ Excellent _ Good __ Fair ___Poor

*Street furniture includes traffic barriers, street lamps, traffic signs, bollards, and bus stops, etc,

11. If you had control over the transport budget, how would you rank the following in importance?
9



(Please put the number from 1 being most important to 5 being least important.)

_____Condition of roads

____ Traffic speed

____ Traffic safety

____ Footpaths/Pedestrian Crossings
_____Traffic signal system

_____ Street furniture

12. How would you rate the situation of traffic accidents in this area?

___ Very safe

____ Safe

____ Dangerous
____Very dangerous

13. In your understanding, what are the causes of traffic accidents (hit by a car) in this area? (Please
choose the maximum of two items below.)

_____High traffic speed

_____ Drinking and driving

___Poorly lighted roads and routes
_____Bad road conditions

____ Low skill of drivers

____ Carelessness of drivers

___ Carelessness of pedestrians/cyclists

14. Of the roads and routes that your community has, which is used most often?

____ Pavedroad
____ Dirt or unpaved road
____Paths

_____Train (railway route)
_____ Other, what?

15. In your opinion, since 2009 (last 5 years) the roads and routes:

Have improved
Have gotten worse
Stayed the same

16. What benefits would your community receive if the roads in this region were improved? (Please
choose the maximum of two items below.)

____Easier access to markets

_____ Better opportunities to work

____ Lower the prices of consumer goods
____ Could have more doctors

____ Could have more teachers
_____Expansion of cultivated areas

_____ Other, what?

17. What are the 2 principal problems with the service of public transport?

_____Insufficient buses
_____Buses in bad condition
____ Public transport is bad
_____Theroutes are far away
_____Don't keep to the schedules
____ Poor service at night

_____ Other, what?

10



18. For the improvement of traffic safety, how would you rank the following in importance? (Please put
the number from 1 being most important_ to 5 being least important.)

_____Vehicle design for driver and passenger protection
____Vehicle design for pedestrian protection
_____Road design and street furniture

____Roadside land use and built environment

_____ Safety habits, culture and education

19. What persons or institutions are currently assisting or have assisted the local authority in your
community in order to improve the transport systems and road conditions? (Please choose all_
applicable items below.)

_____The government

_____The police

_____The politicians
_____Thereligious groups
_____The school/teachers

_ NGOs

_____People from the community
_____Other, What?

20. Does your community organise awareness-raising activities for residents about the risks of traffic
accidents?

Yes No

=> If Yes, what persons or institutions organise such activities? (Please choose all applicable items
below.)

_____The government

_____The police

_____The politicians

_____The religious groups
_____The school/teachers

_ NGOs

____People from the community
_____ Other, what?

* Finally, please describe your opinion on how community should be involved to enhance traffic safety in
your area.

11
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A STUDY ON COMMUNITY DESIGN FOR TRAFFIC
SAFETY

OBJECTIVE

1.

9.

To study the epidemiology of road traffic injury (fatal) patterns in six cities of India

differentiated by population size and high and low rates of fatalities per unit population.

To understand the modal share of victims and vehicles involved in crashes and to

estimate risk functions associated with different road users.
Detailed plotting of crashes for all six cities.

To obtain a preliminary understanding of road design from an engineering perspective,
design of the built environment from a land-use perspective, and community design in a
broader sense for control of road traffic fatalities in urban areas. Understanding reasons

for differences in high crash rates in one city with low crash rates in one city.

Estimate running speeds of different vehicle types in daytime and measure

luminance/darkness on the road and the road side.

Detailed analysis dividing into day and night or into hours of a day of the personal risk

and the social risk that were reported in the last year project for one city.

Organise a meeting with community leaders of one study city to discuss findings and

possibilities for future action.

Development of detailed urban road design and street furniture guidelines for Agra to

maximise safety.

Streets for safe communities document based on the above experience.

10. Organise a high level stakeholder meeting on urban traffic safety in India.



RESEARCH TEAM - TRIPP IIT DELHI

Indian Institute of Technology Delhi

1. Professor Dinesh Mohan. Ph.D. in Bioengineering, University of Michigan, Ann Arbor,

Michigan, USA.

2. Professor Geetam Tiwari. Ph. D. In Transportation Planning, University of lllinois, Chicago,

Illinois, USA

3. Professor Sudipto Mukherjee. Ph.D. in Mechanical Engineering, Ohio State University,
Columbus, Ohio, USA.

TIME FRAME

Three years: 1 APRIL 2012 —31 MARCH 2015

RESEARCH DESIGN AND METHODS

Selection of study sample

Six cities were selected in India for the study (Figure 1).

~
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Figure 1. Cities selected for the study.



Table 1. Population and road traffic fatality data for six cities selected for the study.

ary
Agra Amritsar Bhopal Ludhiana Vadodara  Vishakhapatnam
:gf;":::’;s 1,574,542 1,132,761 1,795,648 1,613,878 1,666,703 1,730,320
;ztlal"“es in 653 70 254 294 172 416
i;:)a,ggg spersopnesr a1 6 14 18 10 2

Table 1 shows the population and road traffic fatality data for the six cities selected for the

present study (Census of India, 2012, NCRB, 2012).

It was decided to select 6 cities to get a proper representation of the situation in India.
Travel patterns can vary from city to city in the use of bicycles, paratransit modes, mopeds
and official public transport. The six cities have very different fatality rates per 100,000
persons. These cities represent the growing urban agglomerations of India where high
growth rates are expected in the next decade. An analysis for these cities would be useful as
our findings may influence future directions for road safety policies in high growth cities in

India.

Sources of data

Data were collected from different police stations in each city, transportation departments,

and municipalities of the selected cities.

Collection and coding of Data

Research assistants specially employed for the project were sent to Agra, Amritsar, Bhopal,
Ludhiana, Vadodara and Vishakhapatnam to obtain primary data on vehicle registration and
road traffic fatality cases and other data available in the city from secondary sources (e.g.:
transportation and city development plan studies commissioned by respective city

governments).

Different police stations in each city were visited and a request placed for obtaining copies
of First Information Reports (FIRs) of fatal road traffic crashes for the previous five years

(example in Appendix 1). The data from the records so obtained were coded on to a special



accident recording form (Appendix 2). The data from these forms were then entered in

spread sheets for computer analysis.

Data Analysis Strategies

The data recoded into the IITD form and vehicle registration data are expected to give us

information on the following variables:

e Age (not for all) and sex of victims

e Month, day and time of crashes

e Road user type and type of associated crash vehicles
e Type of road where crash occurred

e Crash at junction or mid-block

e Vehicle manoeuvre

e Proportions of vehicles in use in the city

a. The above data have been used to prepare cross-tabulations for all variables to
develop an understanding of the epidemiology and spatial distribution of traffic crashes in
these six cities. These data have been used to determine significant differences in these

cities that might be leading to the differences in crash rates.

b. In addition, a risk-based method for modelling traffic fatalities will also be attempted
for each one of the cities. This method has been described by Bhalla et al ( 2007). In this
method it is assumed that crash rates between different road users are proportional to their
roadway use and this can be used to estimate case fatality ratios (CFRs) for the different
vehicle-vehicle and vehicle-pedestrian combinations. The CFR, the probability of fatality in
the event of a crash, depends on precrash variables that describe the characteristics of

vehicles and victims, the crash variables, and the postcrash victim care. These include:

e Vehicle characteristics (e.g., size, mass, and shape) and safety design technology (e.g.
availability and use of seat belts and airbags);

e Victim attributes including age, sex, height, and weight;

e Crash conditions including vehicle speed, direction of vehicle travel, crash avoidance

manoeuvres, weather conditions, and roadway infrastructure;



Post crash medical care including response time of emergency medical services, and

guality of on-site and trauma care.

In our study all the details may not be available, and therefore, we might have to make

some educated assumptions establish pairwise CFRs in for different road users, represented

as a matrix with the threats (impacting vehicles) listed in columns and the victims listed in

rows. We will establish a CFR Matrix using for each city using a methodology similar to that

employed by Bhalla et al ( 2007).

Detailed analysis

The following analyses were conducted:

1.

N o U s~ w N

10.

11.
12.
13.

Vehicle registration comparison

Vehicle ownership patterns for each city

Fatalities by road user type

Fatalities by road user type and struck vehicle

Road traffic victims by estimated age groups (Vadodara only)

Road traffic fatalities by time of day and road user type

Road traffic fatalities by road user type and location (junction or mid block) —
Ludhiana and Vadodara only.

Occupant risk per vehicle (Agra, Bhopal, Vadodara, Vishakhapatnam)

Fatalities associated with different vehicle types (Agra, Bhopal, Vadodara,
Vishakhapatnam)

Estimate of fatalities associated with different vehicle types per 100,000 km (Agra,
Bhopal, Vadodara, Vishakhapatnam)

Estimate of personal fatality risk per 100 million trips

Road users killed based on type of road and location (Vadodara)

Actual location of fatalities in all cities.

Detailed plotting of crashes for all six cities

Detailed plotting of all crashes was completed for all the cities. Location information of

crashes as recorded by the police report were used for plotting the same on detailed maps

for each city with details of victim type and impacting vehicle included in the data. This work
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required searching the police recorded locations on Google maps and then locating them on

GIS maps. This work was very labour intensive.

Understanding reasons for differences in high crash rates in one city with low

crash rates in one city

One low rate city (Ludhiana) and one high rate city (Agra) were selected for this comparison.

The differences in these cities were evaluated for the following variables:
a. Population density

b. Road structure

c. Proportion of arterial roads and national highways in the city

d. Differences in victim type and impacting vehicles

e. Road widths and facilities on high incidence roads in the city

f. Location of crashes in the two cities

Research of the running speed different vehicle types in two cities

a. Three locations were selected in Agra for study of speeds and traffic flow in the day and

night with high rate of night-time crashes. The same procedure was followed for Ludhiana.

b. At each location a video camera was set up to record traffic flow and traffic flow

recorded.

c. The video data obtained has been analysed to calculate speeds of every vehicle passing
by: motorised two wheelers, cars, three-wheeled scooter taxis, buses and 6 trucks. The
number of vehicles included in the sample was such that the mean speed of each group of

vehicles stabilised within 5 per variance.

d. Comparisons have been made for different time periods and different types of vehicles

for mean speeds, 10 percentile and 90 percentile speeds.

Research of the luminance/darkness on the road and the road side

Luminance measurements have been made at three locations in Agra. The same was done

in Ludhiana.



Development of detailed urban road design and street furniture guidelines for

Agra to maximise safety

A sample of road stretches were identified for proposing redevelopment. The criteria for

selection of these streets were:

a. High concentration of road traffic crashes.

b. Relative importance pertaining to mobility in the city.

c. Including three different road classes: main arterial, arterial, local streets.

Stages of street redesign included the following activities:

a. Preliminary site visit
b. Preparation of Base Map. (Source : Google Earth)

c. Understanding the existing street design through its geometry and preliminary
photographic enquiry, the macro scale - location of intersections and land use abutting

these roads.

d. Based on the analysis, 5 km of road length in total was asked surveyed to prepare typical

cross sections and general alignment drawings.

e. A survey team was employed to undertake total station survey of 5 km of road length.
This included: (i) Mahatma Gandhi Road - 3.5 km (ii) National Highway 2 - 1.0 km (iii)
Hospital Road - 0.5 km.

f. Activity Survey
g. Design Development

o After the surveys, the following steps were undertaken based on standard
documents, best international practices and experiences of working on other Indian
cities:

e Preparation of typical cross sections - allocating R OW as per road type and design
speed.

e Design of intersections.



e Introduction of road infrastructure components like bus stops, short term bays,
street furniture, and integration of feeder systems.

e Integration of road marking and signage.

h. Final Design: The development drawings and cross sections were finalised after in-depth

discussions with the full research team.

Publication of Traffic and Safe Communities document

The experience gained in analysis of safety statistics in the project cities, detailed analysis of
speed and road characteristics in Agra and Ludhiana, and development of alternate safe
designs for three road stretches in Agra were sued to design and publish the following two

documents:

a. Safe Streets for Agra

b. Streets for Safe Communities

Organise a high level stakeholder meeting on urban traffic safety in India

IIT Delhi and IATSS collaborated with TERI to organise a special Thematic Track on ‘Safe-and-
Clean Transport for Sustainable Cities’ at the 15th Delhi Sustainable Development Summit

on 6% February 2015 in Delhi.

Ethics and Human Subjects Issues

1. No human subjects are involved.

2. Names and addresses of all road traffic crash victims will be not be included in any of the

data files maintained at TRIPP to maintain the confidentiality of the victims.



Results

Background information on cities?

Agra

Agra (27°12' N and 78°12' E) is located on the banks of the
river Yamuna in the northern state of Uttar Pradesh, India,
363 km west of state capital, Lucknow and 200 km south of

the national capital Delhi.

Being centrally located on the national map traffic by rail and
road going south passes through Agra thus making it a major
transport node at the regional level as well as at the national

level.

The population of Agra city was 1,574,000 persons in 2011
with a decadal growth rate ranging from 25% to 32% in the
last five decades. The growth rate was lowest in the last
decade. The present density of the city is 84 persons per

hectare. Sex ratio in urban region of Agra district is 857 as

/‘N/\B

"{“\§

y

Year Population Decadal
growth rate

1961 462,000 -

1971 591,000 28%
1981 781,000 32%
1991 978,000 25%
2001 1,275,000 30%
2011 1,574,000 23%

per 2011 census data. Child population (0-6 years) of Agra district is 13 % of total urban

population and average literacy rate 73%.The city is divided into 80 wards but the

distribution of population is non-uniform in the city. Wards 26, 43, 50 and 66 have high

concentration of population whereas the wards 36, 40 and 47 have lower population

The economy of Agra city is based on small scale industries, commerce, trade and tourism.

Major crops are Wheat, Paddy, Bajra, Mustard, Patato etc. Over 7,200 small scale industrial

units are spared all over the district. Agra city is also known for leather goods, handicrafts,

stone carving and inlay work.

L All data for cities has been obtained from the respective City Development reports prepared in the period

2006-2008, and Census of India 2011. Definitions for road lengths may differ across cities and city boundaries

may have changed in the 1961-2011 period.



Amritsar

Amritsar (31.63° and 74.85° E) is located on the north-west
corner of the sate of Punjab 28 km for the border of India
with Pakistan. National Highway (NH) 1 connects the city to
Jallandhar through Beas towards the Eastern side and NH 15
links the region with Tarn Taran District towards Southern
side. These two national highways connect the city to other
nearby urban centres. The city also has a good linkage to
Lahore, Pakistan through Wagha Border towards the west

direction.

The population of Amritsar city was 1,132,761 persons in 2011
with a decadal growth rate ranging from 26% to 42% in the
last five decades. The growth rate was lowest in the last
decade. The present density of the city is 81 persons per

hectare.

Female to male sex ratio in urban region of Amritsar district is

Year

1961
1971
1981
1991
2001
2011

Y.

Population

390,055
454,805
594,844
708,835

1,011,327

1,132,761

Decadal
growth
rate

16%
17%
31%
19%
42%
12%

880 as per 2011 census data. Child population (0-6 years) of Amritsar is 10 % of total urban

population and average literacy rate 85%.

The road network of the Amritsar City is radial-cum- circumferential covering an area of 139

sg. km. The total road length is about 525 km. According to an estimate about 50,000

people visit Golden temple every day. All these have impact over the socio-economic

context of the city.

Trading sector absorbs 59% of the workforce. The major commodities for trade include

various silk products, woollens, traditional embroidery, blankets, carpet, copper, brass

utensils, dry fruit and tea. Apart from textile manufacturing, Amritsar is also one of the

biggest grain markets in Punjab. The important items include wheat, maize, gram, rice .
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Bhopal

Bhopal (23.25° N, 77.42° E) is the capital of the Indian state S Ny

of Madhya Pradesh and the administrative headquarters of Y

Bhopal District and Bhopal Division. The major regional Road

network comprises of NH 12 connecting Hosangabad and

Narsingarh and a number of State Highways linking Indore,

Sagar, and Jabalpur.

The population of Bhopal city was 1,796,000 persons in 2011

with a decadal growth rate ranging from 25% to 75% in the Decadal

last five decades. The growth rate was lowest in the last Year Population gr°‘:’th

rate

decade. The present density of the city is 86 persons per 1961 222,000

hectare 1971 384,000 73%
1981 671,000 75%

Female to male sex ratio in urban region of Bhopal is 911 as 1991 1,062,000 58%

2001 1,433,000 35%

per 2011 census data. Child population (0-6 years) of Bhopal 5011 1.796.000 5%

is 12 % of total urban population and average literacy rate

85%.

Bhopal is located on hilly terrain within the Malwa Plateau and the National Highway 12
(Beora — Jabalpur road), which links the city to many large cities in the north — west and the

south — east. State Highways connect Indore and Sagar.

The economic base of Bhopal City mainly depends on industrial sector, while the service
sector is becoming increasingly important which provides the majority of employment in
Bhopal because it being capital of state. The sectors that reported to be growing fast in

Bhopal are housing, banking & insurance and education.

The total road length of the city is 1,020 km. The city is distinctly divided into two parts, the
old city housing most of the trading and commercial activities and the newly developed area

with mainly administrative, institutional and residential activities.

11



Ludhiana

Ludhiana (30.91° N, 75.85° E) is the largest city in Punjab,
both in terms of area and population. The city is spread over
an area of 159 sgkm. It is one of the prime industrial and

educational centres of northern India

The population of Ludhiana city was 1,615,000 persons in

2011 with a decadal growth rate ranging from 26% to 67% in

the last five decades. The growth rate was lowest in the last A
decade. The present density of the city is 88 persons per ——
hectare. Year Population growth
rate
Female to male sex ratio in urban region of Ludhiana is 845 as 1961 251,000 26%
1971 401,000 60%
per 2011 census data. Child population (0-6 years) of ;gqq 606,000 51%

Ludhiana is 11 % of total urban population and average 1991 1,042,000 67%
2001 1,395,000 38%

1 0,
literacy rate 85%. 2011 1,615,000 16%

The city is very well connected in terms of roadways and

railways. NH1-Grand Trunk road passes through the city, which connects it to Indian capital
city Delhi and to other important cities of Punjab like Jalandhar, Amritsar, Wagha Border
etc. NH95 connects the city to Chandigarh in southeast direction and Ferozpur in southwest
direction. Other important State highways and major roads also connect the city to various

towns of Punjab.

The economy of the city is based on various areas of manufacturing industry including
bicycles, sewing machines, textile and other industries. Others include commercial
establishments, financial and banking services, public services and places of religious

importance.

A total of 1356 km of road network exists. The city has built 2.3 km long elevated road
cutting across the city to facilitate through traffic movement. Traffic problems are severe,
especially in major commercial areas. At present no city bus services are being operated in

the city.
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Vadodara

Vadodara (22.30° N, 73.19° E), formerly known as Baroda, is 0 N
the third largest and most populated city in the Indian State jﬁ i ‘
of Gujarat, after Ahmedabad and Surat. The city is spread {‘/ﬂ\:’%}’/‘\f
over an area of 149 sqgkm. The city is on the major rail and o
road arteries joining Mumbai with Delhi and Mumbai with

Ahmedabad. National Highway No. 8 passes through the city.

The population of Vadodara was 1,666,700 persons in 2011 Y’i/J

with a decadal growth rate ranging from 27% to 77% in the N
ecadal

last five decades. The growth rate was lowest in the last two  Year  Population gr°‘:’th
rate

decades. The present density of the city is 99 persons per 1961 298,000

hectare 1971 468,000 57%

1981 735,000 57%
Female to male sex ratio in urban region of Vadodara is 923 1991 1,031,000 40%

2001 1,306,000 27%

as per 2011 census data. Child population (0-6 years) of 2011 1.666.700 28%

Vadodara is 9% of total urban population and average literacy

rate 92%.

The State Road Transport (STC) of Vadodara links it with a number of towns in Gujarat. The
STC buses connect Vadodara with the different destinations in Gujarat, northern part of

Maharashtra and western region of Madhya Pradesh.

Vadodara is one of India’s foremost industrial centres with dominant groups of chemicals
and pharmaceuticals, cotton textiles and machine tools. The city witnessed a sudden spurt
in industrial activity with the establishment of the Gujarat refinery in 1962. Various large-
scale industries such as Gujarat State Fertilizers and Chemicals (GSFC), Indian
petrochemicals Corporation Limited (IPCL) and Gujarat Alkalis and Chemicals Limited (GACL)

have come up in the vicinity of the Gujarat Refinery.
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Vishakhapatnam

Vishakhapatnam (17.00° N, 83.00° E) is a port city on the ; N

southeast coast of India. It is the second-largest city in the Ja
. . (P/H?\{\—"\ P ag ™

state of Andhra Pradesh and the third-largest city on the east i T QTL/—/X

B 2 =v2
coast. The city is spread over an area of 530 sgkm. It is one of
the prime industrial and educational centres of northern

India

The population of Vishakhapatnam city was 1,6730,320

persons in 2011 with a decadal growth rate ranging from 26% Decadal

. . ) Year Population rowth
to 67% in the last five decades. The growth rate was lowest in P g

rate

the last decade. The present average density of the city is 33 1961 251,000 95&
hect 1971 401,000 72%

persons per hectare. 1981 606,000 66%

1991 1,050,000 74%
2001 1,320,000 26%
is 977 as per 2011 census data. Child population (0-6 years) of 2011 1,615,000 30%

Female to male sex ratio in urban region of Vishakhapatnam

Vishakhapatnam is 9 % of total urban population and average literacy rate 83%.

The city has 1,220 km of roads dominated by three major arteries, one along beachfront,
another along the Northern Hill flank and the third which runs through the city. NH- 5 and
NH — 43 of the National Highway (NH) network and the State Highways connect the city area

to the vast hinterland. Around 8 % of the total area is covered by roads.

The sectors contributing to city’s economic growth are agriculture and fishing, large,
medium and small scale industries and services that include trade and commerce, transport,
education, etc. It has experienced rapid industrialization with the onset of major industries:
oil refinery, fertilizer factory, Hindustan Zinc Smelter and Visakhapatnam Steel Plant. The
construction of the outer harbour and steel plant have considerably changed the character

of the city.
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Transportation data

1. Vehicle ownership data has been obtained from four cities:

e Agra

e Bhopal

e Vadodara

e Vishakhapatnam

We were not successful in sourcing reliable and accurate data from Ludhiana, and none
from Amritsar. Based on the limited data available from Ludhiana we have made some

estimates of vehicle populations.

2. The official vehicle registration numbers are overestimated for private vehicles, as they
are not required to pay any taxes annually. Private vehicles pay a lifetime registration tax at
time of purchase, and therefore the official number represents a cumulative total over a

number of years. The actual numbers of vehicles on the road are estimated to be

approximately 65% of the official number (CRRI, 2007; Expert Committee, 2002). This fact

may be kept in mind when examining the numbers presented in this section.

Vehicle registration
Table 2 shows the official vehicle registration figures for the five study cities. Statistics for
Amritsar are not available and Ludhiana is estimated. It is expected that they will be

available before the end of November.

Table 2. Vehicle registered in Agra, Bhopal, Ludhiana (estimated), Vadodara, and Vishakhapatnam in 2010.

Cit

Vehicle y -

Agra Bhopal Ludhiana Vadodara Vishakhapatnam
MTwW* 568,470 497,735 866,392 817,379 453,847
TSR* 11,500 14,562 33,239 21,994
Car 76,544 60,095 158,263 106,475 50,910
Taxi 13,635 1,701 7,116 6,331
Bus 1,791 3,275 2,588 3,717 3,234
Truck 18,160 14,433 35,487 33,337 18,163
Tractor 37,121 14,977 48,571 4,779 3,001
Total 702,086 616,578 1,127,564 1,008,679 558,704
Population 1,574,000 1,796,000 1,615,000 1,666,000 1,615,000
* Motorised two-wheelers + Three-wheeled scooter rickshas
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Figure 2. Examples of three-wheeled scooter rickshas which serve as para-tarnsit transport modes
in all six cities.

Figure 2 shows examples of three-wheeled scooter rickshas. Figure 3 shows the proportions
of vehicles registered in 5 study cities. In relative terms, Agra has a larger proportion of
motorized two-wheelers, and Vishakhapatnam a greater proportion of three-wheeled
scooter rickshas. Ludhiana and Vadodara seem to be similar in their vehicle proportions.
Vehicle ownership pattern for 5 cities is shown in Figure 4. Relative to other cities, Vadodara

and Ludhiana have a higher proportion of car and motorised two-wheeler ownership.
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Figure 3. Official vehicle registration data for 5 study cities, vehicle proportions of total in each city (MTW - Motorised
two-wheelers, TSR - Three-wheeled scooter rickshas).

Figure 4. Official vehicle registration per 1,000 persons data for 5 study cities.
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Road traffic injury (RTI) fatality data

Progress

Table 3. Details of records collected, coded and analysed for road traffic fatal crash data from six study cities in India.

City Fatal crash records obtained Data coding Data analysis
Agra 674 Completed Completed
Amritsar 265 Completed Completed
Bhopal 685 Completed Completed
Ludhiana 651 Completed Completed
Vadodara 684 Completed Completed
Vishakhapatnam 1164 Completed Completed

Table 3 shows the summary of progress on the field study of fatal road traffic crash patterns
in 6 study cities in India. The following may be noted:

1. A total of 4,23 hard copies of fatal accident police records (FIR, see example in
Appendix 1) were obtained from six cities and brought to Delhi for coding and
analysis.

2. The details from these records were translated and coded into a special form
developed for this project (Appendix 2) and the same transferred into computer
spreadsheets for analysis.

3. As decided in the First Interim Meeting in Delhi, we selected two cities for a more
detailed analysis — Ludhiana and Vadodara.

Fatalities by road user type

Figure 5. . Road traffic fatalities by road user type —  Figure 6. Road traffic fatalities by road user type —
Agra. Vadodara.

(MTW - Motorised two-wheelers, TSR - Three-wheeled scooter rickshas)
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Figure 7. Road traffic fatalities by road user type — Figure 8. Road traffic fatalities by road user type —
Ludhiana. Bhopal.

Figures 5-10 show the distribution of fatalities by road user type in the six study cities. Agra
and Vadodara have similar populations with a RTI fatality rate higher in Agra (41 per 100,000
persons) compared to Vadodara (10 per 100,000 persons). Agra, which is a major tourist
destination, has a higher proportion and a higher number of bus and pedestrian fatalities

than Vadodara.

Ludhiana and Bhopal have similar populations but Ludhiana (18 fatalities per 100,000

Figure 9. Road traffic fatalities by road user type — Figure 10. Road traffic fatalities by road user type —
Vishakhapatnam. Amritsar.
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persons) has a slightly higher RTI fatality rate than Bhopal (14 fatalities per 100,000

persons). Ludhiana has a much higher rate for bicyclists and Bhopal is higher for MTWs

B Truck Bus MCar HBETSR BEMTW HE(Cycle Pedestrians

Vishakhapatnam I. P
Vadodara -_
Ludhiana |

Bhopal . _
amritsar [ [
agra [l I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 11. Proportion of RTI fatalities by road user type in six study cities (MTW - Motorised two-wheelers, TSR -
Three-wheeled scooter rickshas).

The RTI fatality rate in Vishakhapatnam (24 per 100,000 persons) is much higher than
Amritsar (6 per 100,000 persons), and the former has a higher proportion of pedestrian and
three-wheeled scooter ricksha deaths. In all the cities vulnerable road users (VRU -
pedestrians, bicyclists, and motorised two-wheeler occupants constitute more then 80 per
cent of all fatalities irrespective of the overall death rate. Car occupants less constitute than
4 per cent of fatalities in all cities and TSR occupants less than 5 per cent, except in
Vishakhapatam where the proportion for the latter is 8 per cent. Cycler occupants have the

highest proportions in Ludhiana and Amritsar (23 per cent and 18 per cent respectively).
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Traffic fatalities: victim type vs impacting vehicle/object

Figure 12. Traffic fatalities: victim type vs impacting vehicle/object in Amritsar (MTW - Motorised two-
wheelers, TSR - Three-wheeled scooter rickshas).

Figures 12-17 show the distribution of road traffic fatalities by road user category versus the
respective impacting vehicles/objects for all the six study cites. In all the cities the largest

proportion of fatalities for all road user categories are associated with impacts with trucks

Figure 13. Traffic fatalities: victim type vs impacting vehicle/object in Agra.



and then cars. Amritsar has the highest proportion of fatalities involving buses as impacting
vehicles. The reason for this is not clear. The most interesting feature emerging from this
analysis is the involvement of motorised two-wheelers as impacting vehicles in VRU in all
the six cities. The proportion of pedestrian fatalities associated with MTW impacts ranges
from 8 to 25 per cent of the total. The highest proportion was observed in Bhopal. The
involvement of MTWSs as impacting vehicles in VRU fatalities may due to the fact that
pedestrians and bicyclists do not have adequate facilities on arterial roads of these cities

and they have to share the road space (the curb side lane) with MTW riders.

Figure 14. Traffic fatalities: victim type vs impacting vehicle/object in Vadodara (MTW - Motorised two-wheelers,
TSR - Three-wheeled scooter rickshas).
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Figure 15: Traffic fatalities: victim type vs impacting vehicle/object in Ludhiana.

Figure 16: Traffic fatalities: victim type vs impacting vehicle/object in Bhopal (MTW - Motorised two-wheelers,
TSR - Three-wheeled scooter rickshas).
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Figure 17. Traffic fatalities: victim type vs impacting vehicle/object in Vishakhapatnam.
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Road traffic fatalities by type of road user and time of crash
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Figure 18. Road traffic fatalities in Agra by time of crash.

Figure 18 shows the fatalities by road user category and time of day in Agra. Pedestrian and
bicycle fatalities peak somewhat earlier in the morning than the motor vehicle fatalities.
This may be because this class of road users start for work earlier than those using

motorised transport. The total fatality rate remains somewhat similar between the hours of
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10:00 and 18:00 and a strong bimodal distribution is not observed. This could be because
school and working timings are reasonably staggered. Schools start around 08:00 in the
morning and close at 14:00 and some of them have a second shift, private offices open
between 08:00-09:00, government offices between 09:00-10:00 and shops around 11:00.
Most shops stay open up to 21:00 and restaurants up to 23:00. The data also show that

MTW and pedestrian deaths are relatively high at 22:00-23:00 when we would expect traffic

—~~
~ 7/

Figure 19. Road traffic fatalities in Amritsar by time of crash.
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Figure 20. Road traffic fatalities in Bhopal by time of crash.

volumes to be low. Details regarding the associated causes for these crashes are not
available but the risk factors could include high speeds, driving under the influence of
alcohol, and limited visibility. Figure 19 shows road traffic fatalities by time of day in

Amritsar. The pattern is similar to that observed in Agra in the previous figure.

Figure 20 shows road traffic fatalities by time of day in Bhopal. The pattern is similar to the

previous two cities, except that pedestrian and bicycle crashes do not show as high a rate at
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22:00-23:00 hours. However, the pattern of MTW fatality rates at night are similar to the

previous two cities.

Figure 21: Road traffic fatalities in Ludhiana by time of crash.

The crash patterns by time of day in Ludhiana are similar to the previous cities (Figure 21),
but those in Vadodara seem to have a slight difference in night-time crashes. Pedestrian and
MTW peaks are not seen at 22:00-23:00 hours. This could be because Vadodara is located in
the sate of Gujarat, which is a dry state by law, and sale of alcohol is prohibited. However,

we do not have the necessary epidemiological data to verify this.

The general pattern of crashes by time of day in Vishakhapatnam is similar to the previous
five cities, except that the relative increase in pedestrian deaths at night appears to be
higher than the other cities. The details available with us do not permit us to offer any

reliable explanation for this.

In summary, the data from the six cities indicate that crashes rates between 20:00-23:00
hours are relatively high in all the cities when traffic volumes would be relatively lower. This

points to risk factors including high velocities, alcohol involvement and lack of visibility.
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Age of victims

Age of victims was not recorded in the First Information Reports (FIR) made available to us
for a vast majority of the cases. However, for the city of Vadodara, we made estimated the
age of the victims in 3 broad groups: 0-19 (young adults and children), 20-59 (working age),
and 2 60 years (elderly). The estimates are shown in Figure 22. These data indicate the
proportion of young individuals involved in fatal road traffic crashes is relatively small.
Anecdotal evidence suggests that a large proportion of young individuals walk and bicycle to
school, and many are transported as passengers on motorised two-wheelers. Figure 23
shows the age distribution of fatal road traffic crash victims for the country as reported by
the police. These data also indicate that the 0-14 age group is under represented in
proportion to their share in the population. Lower exposure rates may account for this,
however, this explanation does not seem to be adequate enough to explain these very low

rates, especially children on motorcycles. This phenomenon needs further study.

Figure 22: . Estimated age distribution of road traffic crash fatalities in Vadodara
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Figure 23: . Age distribution of road traffic crash fatalities in India (NCRB, 2012).

Road traffic fatalities by type of road user and location of crash

Figure 24 shows the distribution of road traffic fatalities in Vadodara and Ludhiana at
junctions and mid-blocks. In the case of Vadodara, the junction definition included a
distance of 50 m upstream of all the roads meeting at the junction. For Ludhiana the
location was recorded as mentioned in the police FIR/. These data indicate that a majority of
the fatal crashes take place mid-block rather than at junctions. The Vadodara data shows a
higher proportion at junctions as compared to Ludhiana. This could be because of the more
inclusive definition adopted for Vadodara. A vast majority of the fatal crash victims comprise
VRUs. In the absence of adequate pedestrian and bicycle facilities on arterial roads of all six
cities studied, the left side of the road (curb side lane) has to be shared by pedestrians,
bicyclists, MTWs, buses and trucks. In addition, vehicle speeds would tend to be higher in
mid block locations. This may be one reason why a majority of fatalities take place mid-

block.
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Figure 24: Road traffic fatalities by location of crash

City structure, arterial roads and location of crashes

The city structure and location of main arterial roads and highways passing through the city
was studied by examining the map of each study city. In addition, all fatal crashes were
plotted (for cases where location details could be identified) for two cities: Ludhiana and
Vadodara. In the case of Agra, we were able to plot cases for one year. The results of this

study are included below.
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a. AGRA (high crash rate)

Figure 25. Fatal crash locations (one year) identified in Agra city.

Figure 25 shows the fatal crash locations in Agra city. A majority of the fatal crashes are
located on the arterial roads of the city and

not on the local and connector roads. Some

of the highest concentrations take place on

three highways passing through the city: (a)

A-A is a six lane national highway, which runs

east-west and seems to have the higher

velocities; (b) B-B is a state highway also Figure 26: Traffic on national highway A-A In Agra
running east-west, which is 2- 4 lanes; (c) C-C

is a state highway running north-south, which connects to cities south of Agra (Figure 26).
The road has heavy mixed traffic including with very inadequate pedestrian/bicycle facilities.
All these roads have heavy traffic throughout the day, and velocities can be above 50 km/h
at night. Figure 27 shows traffic on the National Highway (A-A) in Agra. This is major
highway constructed through the city over the past decade. This highway is a major east-
west corridor for inter city traffic and is used by large proportion of buses and trucks. There
are almost no convenient faculties for VRUs to cross this highway. In addition, a very large

number of workshops, trading and transport companies, and shops are located on both
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sides of the highway. A highway like this constructed through the city seems to result in high

crash rates along its length.

Figure 27: . Traffic on road C-C in Agra

b. AMRITSAR (low crash rate)

Amritsar is a city in the north-west of

India about 30 km from the border with

Pakistan. As a result there are no major

national highways that have to carry

intercity traffic through the city. Most of

the roads in the city are congested. Crash

locations were not identified for Amritsar. Figure 28: Arterial roads in Amritsar.

According to official statistics the city has

the lowest road traffic fatality rate among the six studies included in this project.
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c. BHOPAL (low crash rate)

Crash locations have not been identified
for Bhopal. The city has no major
highways crisscrossing the city. In addition
the city has a large lake within the city
and a hilly residential area. Most of the
arterial roads in the city are congested in
the daytime hours with mixed traffic.
Bhopal has a lower fatality rate as Figure29: Arterial roadsin Bhopal

compared with Agra, Vishakhapatnam

and Ludhiana.

d. LUDHIANA (high rate)

Figure 30 shows the arterial roads and
highways passing through Ludhiana. An
important  National Highway that
connects the capital Delhi with the
border city Amritsar passes through
Ludhiana, going from the southeast side
to the northwest. Another national
highway comes into the city form the Figure 30: Arterial roads and highways in Ludhiana.

southwest and a state highway from the south. A bypass has been constructed connecting

these highways encircling the city in the north, east and the south sides.
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Figure 31: Traffic on highways passing through the city in Ludhiana.

The highways passing through the city also serve as arterial roads of the city. The type of
mixed traffic including trucks operating on these roads is shown in Figure 31. Bicyclists and
pedestrians in large numbers also use these roads but adequate and safe facilities for them

do not exist in these roads.

The location of pedestrian, bicycle and MTW fatalities is shown in Figure 32. As in Agra, a
large proportion of fatalities take place on the highways and major arterials. The red dots
represent impacts by trucks, blue dots impact by buses and red dots impacts by cars. Truck

impacts are the most frequent on the highways.
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Pedestrian fatalities

Bicycle fatalities

MTW fatalities

Figure 32: Location of pedestrian, bicyclist and MTW fatalities in Ludhiana.
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e. VADODARA (low rate)

Figure 33 shows the arterial and highway
layout in Vadodara. There is no major
highway that goes through Vadodara, there
is bypass for intercity traffic which skirts
the western side of the city from the north
ton the south. Arterial roads connect the

central parts of the city to this bypass.

Figure 34 shows the locations of the fatal
crashes in the city. All the main arterials
leading out from the city and the circular
road inside the bypass have a Figure 33: Arterial roads and highways in Vadodara.

concentration of crashes.

The western bypass also has a higher concentration and crashes are located all through its

length. Type of traffic operation on the bypass is shown in Figure 35.

Figure 34: Location of fatal crashes in Vadodara.
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Figure 35: Traffic on the bypass in Vadodara.

Mixed modes, relatively high speeds and sharing of the road by VRUs with heavy vehicles
results in high crash rates. However, the overall fatality rate in Vadodara is less than that in

Agra, Ludhiana and Vishakhapatnam as the main roads inside the city are congested.
f. VISHAKHAPATNAM (high rate)

Vishakapatnam is a port city with
the eastern headquarters of the
Indian Navy, and it hosts heavy
industry factories in different
locations of the city. National
highways lead out of the city and
different sectors of the city are
connected with roads that can
have relatively high speeds. The gy re 36: Highways and arterial roads in Vishakhaptnam

city has a high fatality rate.
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Figure 37: Traffic on the main arterials of Vishakhaptnam.

Fatality locations have not been identified in Vishakhapatnam. Figure 37 shows the traffic

on main arterials of the city. Existence of wide roads and flyovers with mixed traffic may be

one of the factors associated with high road traffic fatality rates in the city.

Road user risk analysis

Risk of fatality has been calculated using different indices to understand the role of different

motor vehicles, personal risk per trip by different modes and the risk different vehicles

present to society.

Occupant risk per 100,000 vehicles

Figure 38 shows the number of motor
vehicle occupant fatalities per 100,000
vehicles. This has been obtained by
dividing the total number of occupant
fatalities for each vehicle type divided
by the specific number of that vehicle
type registered in the city (corrected for
overestimates). These data show that
occupant fatalities per vehicle decrease
order -

in the following
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Figure 38: Motor vehicle occupant fatalities per 100,000
vehicles.

account for the bus and truck figures, as the total number of fatalities is divided by the
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number of these vehicles registered in the specific cities only. However, the actual number
of trucks and buses operating in the cities would include those passing through these cities
but not registered there. If these extra vehicles were accounted for, then the indices for

occupant fatality rates for buses and trucks would be lower.

Occupant fatality rates for MTW and TSR occupants are 2-3 and 3-5 times higher that for
cars respectively. The high rates per vehicle for TSRs would also be because they carry a
much larger number of passengers in the day as compared to MTWSs and cars. This effect is

accounted for in the section on personal risk in a following section.

Fatalities associated with each vehicle type
Figure 39 shows all the fatalities that

each vehicle type is associated with.

This includes fatalities of road users
other than the vehicle occupant. For
example, if a motorcycle hits a
pedestrian and the pedestrian dies,

then the pedestrian death will also be
associated with the motorcycle. This
index gives a rough idea of the total
number of fatalities you can expect for ii;;j’ :;)03 3e:2::|;t'es associated with specific vehicle types per

each vehicle type given the present

traffic conditions and mode shares.

These indices again show that buses and trucks have the highest rates in all the cities. The
usual caveat applies that the actual number of buses on the roads in these cities would be
higher than the number registered in the city. This would mean that the absolute index for
buses and trucks would be lower than that shown in Figure 39. In all cities except Agra,
buses appear to have a higher number than trucks. Whatever, the real index for these
vehicles, the data in figure 41 does point to the fact that buses and trucks have a
disproportionate involvement in urban fatal crashes. Since a majority of the victims
associated with these crashes are VRUs, these figures strengthen the need for much better

facilities for VRUs so that they do not have to share the curbside lanes with these heavy
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vehicles. If buses and trucks were designed to have safer fronts for impacts with
pedestrians, then this number would reduce. At present there are no pedestrian impact

standards for buses and trucks.

These data also show that each TSW is associated with more fatalities than the car and each
car is associated with more fatalities than a MTW. However, the differences between the
car and MTW are not very large. What these data tell us is that at the city societal level a
motorcycle does not do as much harm, though it is more hazardous for its own occupant
than the car or TSR. This index also points us to the need for improvement in TSR designs
and need for crashworthiness standards. These numbers give us an indication of the
situation at present operating levels and exposure has not been taken into account. This is

done in the next section.

Fatalities associated with each vehicle type accounting for exposure
Figure 40 shows us the estimates for all

fatalities associated with specific

vehicle types per 100,000-vehicle km

per day. The following values have

been assumed for distances travelled

per day.

Bus: 150 km
Car: 50 km

TSR: 150 km
MTW: 25 km

Figure 40: Fatalities associated with specific vehicle types per
100,000-vehicle km.
These figures basically indicate that the
relative higher rate for TSRs as compared to cars as shown in the previous section was due
to the higher exposure of TSRs. These indices appear to indicate that per km of travel TSRs,
MTWSs and cars are very roughly equally harmful for society under present conditions. Out
of these three vehicles it is very important to improve the safety performance the MTW for
its occupants (helmet use and daytime running lights). TSRs need improvement for safety of

occupants as well as the VRUs it impacts. The fatalities associated with the can be decreased

mainly by speed control and reduction in drinking and driving.

41



Personal fatality risk per 10 million trips
The personal fatality risk has been
calculated by dividing the vehicle
specific occupant fatality rate by
estimates of average number of
occupants carried by each vehicle per
day. The numbers assumed are: MTW —
4, TSR — 60, Car — 7. The results of these

calculations are shown in Figure 41.

It is clear that given the present trip

Figure 41: Vehicle specific personal fatality risk per 10 million
lengths for each vehicle type, the MTW  trips.
rider is 3-6 times more at risk than a car
occupant. The MTW fatality rates per trip in Agra and Vishakhapatnam are much higher
than the other three cities. The reasons for this are not known at present. At a personal

level, risk per trip seems to be lowest for TSR occupants in all the cities. These estimates are

true for present modal shares and assumed trip rates.

Helmet use and daytime running lights are not mandatory for MTW riders in any of the
cities studies. The implementation of just these two measures is likely to reduce the

personal fatality risk by about 50%.

Effect of the built environment on traffic safety in urban areas

All roads in the two cities were represented by line type objects. For the purpose of analysis,

the city was divided into 30 areas based on lat/long:
Latitudes and longitudes were divided in intervals of 0.025°

The software ArcGIS 10.0 was used to determine length of all roads in the cities of Agra and
Ludhiana. The mid-point of each line was used to classify which area a particular road
belonged to. The function “Calculate Geometry” was used to determine length of each line

in the shapefile.

e Roads were classified highways, arterial roads and minor roads.

e Width of lanes: Wide, Medium and Narrow
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e Data on: Median presence, Average width of paved/unpaved shoulders, Number of
traffic lights per unit length (km), Number of street lights per unit length (km),
Moderate curves per unit length (roads bent by 20-30 degrees), Sharp curves per
unit length (km), Adequacy of road markings, Number of access points per unit
length (km), Pavement Quality/Sidewalk provision, Population density of nearby

area, Land-use pattern of nearby area.

Table 4 shows the results of the surveys conducted in Agra and Ludhiana regarding the built
environment attributes in the two cities.”? Negative Binomial Regression was performed
using IBM SPSS Statistics 20. The dependent variable was the number of fatalities in each
grid in the city. Initially, the independent variables were length of minor roads, length of
arterial roads, length of highways and number of intersections in the corresponding grid.
But later, the insignificant variables were removed to get the final model. The main

conclusions drawn are as follows:
e Regression Model is significant as indicated by Likelihood Ratio Test
e Length of highways and arterial roads is significant at 95% confidence interval

e With 1 km increase in length of highway, the log(expected number of accidents)

increases by 0.6

. With 1 km increase in length of arterial roads, the log(expected number of accidents)

increases by 0.2

° Number of intersections and length of local roads is insignificant.

2 Detailed data and modelling results are available with the authors.
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Table 4. Overview of survey conducted regarding built environment parameters in Ludhiana.

) Paved shoulder presence, low access points, footpath presence, low population
density, residential land use and traffic lights per km are significant at 95% confidence

interval.

. As compared to NO Footpaths, presence of footpaths decreases log(expected
number of accidents) in the region by ~1.4. This result is intuitive because presence of

footpaths decreases exposure of pedestrians to traffic.

. As compared to HIGH population density, LOW population density decreases
log(expected number of accidents) in the region by 2.2. This result is also intuitive because

low population density decreases exposure.

) As compared to OTHER Land Use (mostly forests), Residential Land Use decreases
log(expected number of accidents) in the region by 2.6. The possible reason for this

observation is that less traffic is observed in residential areas during non-peak hours.
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The main conclusions drawn are as follows:

. Median presence, presence of road markings, good pavement quality, low/medium
population density, residential land use and traffic lights per km are significant at 95%

confidence interval

. As compared to NO Median, presence of median increases log (expected number of
accidents) in the region by 1.1. This observation raises questions on the design of the
medians. Raised medians on highways where speeds greater than 50 km/h are a liability.

This is because several fatalities occur due to vehicles colliding with them at high speeds.

. As compared to NO road markings, presence of road marking decrease log(expected
number of accidents) in the region by 2.7. Road markings help to delineate slow moving and
fast moving traffic. Lack of road markings is the most important reason why fatalities are

high on Indian roads.

. As compared to POOR Pavement Quality, GOOD Pavement Quality increases
log(expected number of accidents) in the region by 2.573. Higher speeds are observed on
better pavement quality. This requires presence of several safety measures like safety
barriers, road markings, signs, etc. However, due to their absence, better pavement quality

leads to more accidents.

. As compared to HIGH population density, LOW population density decreases
log(expected number of accidents) in the region by 2.1. This result is intuitive because low

population density decreases exposure.

. As compared to HIGH population density, MEDIUM population density decreases
log(expected number of accidents) in the region by 2.8. This result is also intuitive because

exposure is still low.
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Research of the running speed different vehicle types in two cities

Table 5. Velocity profiles at 3 locations in Agra (TST- Three-wheeled scooter taxi, MTW-Motorised two-

wheeler)
Location Day velocities km/h Night velocities km/h
(10%, Mean, 90%) (10%, Mean, 90%)

TST 14.5, 26.4, 38.3 TST 13.7,21.6,29.5

Location 1 MTW 17.8,32.2,46.6 MTW  14.9, 27.7,40.5
Car 10.2,29.3,48.4 Car 11.0, 26.9,42.9
Truck 16.1, 26.0 36.0 Truck 12.7,23.4,34.2

Location 2 TST 22.0,32.1,42.2 TST 17.4, 28.3, 30.0
MTW 19.3,32.7, 46.2 MTW  19.6, 33.0, 34.7
Car 20.3, 29.4, 38.5

Location 3 TST 5.5,12.0,18.4 TST 7.5,15.7,23.8
MTW 7.6,13.6,19.6 MTW  9.1,17.9, 26.7
Car 6.6, 13.0, 19.4 Car 11.5,20.5,29.5

AGRA

Traffic volume data was collected by taking videos of traffic at 3 locations:

e Location 1: Janki Emporium (from 1st Floor of a building) on National Highway 2
e Location 2: Housing Complex (from 2nd Floor), National Highway 11

e Location 3: S N Medical College (from 1st Floor), MG Road

Video recording of traffic was made from an elevated location in the day and night times.

The data for speeds in the day and night are given in the Table 5.

Location 1 observations

e The number of TSTs have decreased at night-time.

The proportion of cars has increased at night time from 19% to 31%

The proportion of 2-wheelers and trucks remains almost constant.

In terms of vehicle speed on NH-2 an overall decrease is noted during night

(approximately 10-12%).

Overall traffic volume is almost the same
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Day Night

Figure 42: Modal share of vehicles at location 1 in Agra

Location 2 observations

e NH-11, has a very high portion of MTW traffic.

During the night time, the proportion of cars in the location drops from 16% to

almost zero.

The proportion TSTs in the area increases at night from 6% to 17%

No decrease is observed during the night-time, the traffic travels with almost similar

90% and mean limits.

Overall traffic volume remains unchanged, but is lower than NH2.

Day Night

Figure 43: Modal share of vehicles at location 2 in Agra

Location 3 observations

e Proportion of cars in traffic has increased from 32% to 49%, with a decrease in

number of “bikes”, from 62% to 40%
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e The number of TSTs has also increased.

e Higher speeds are observed all throughout the traffic for night time with greater

variation in data.

e This can be explained by the good quality of road in the area and drastic drop in

traffic from 54 to 16 vehicles per minute.

Day Night

Figure 44: Modal share of vehicles at location 3 in Agra.
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Figure 45: Proportion of vehicles with velocities greater than 30km/hr at three locations in Agra.

Figure 45 shows little significant change in the readings after normalizing for traffic volumes
in both day and night. The only significant change as can be seen is found on NH2 where the

percentage of vehicles going above 30km/h goes up from 12% to 28% which is a direct
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causality as heavy vehicles contribute 53% of the impacting vehicles (excluding hit & run

cases marked impact vehicle: unknown).

LUDHIANA

Traffic volume data was collected by taking videos of traffic at 3 locations:
1. Site 1: In front of the State Bank of Patiala branch, Jasdev Nagar, SH11
2. Site 2: In front of Apollo hospitals, NH1

3. Site 3: Opposite Hyatt Regency Hotel, NH95
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Figure 46: Speed profile of vehicles at location 1 in Ludhiana.

Figure 46 shows the 5th, 95th percentile and mean speeds for vehicles at location 1 in

Ludhiana and Figure 47 the modal shares.

Day Night

Figure 47: Modal share of vehicles at location 1 in Ludhiana.
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Figure 48 shows the 5th, 95th percentile and mean speeds for vehicles at location 2 in

Ludhiana and Figure 49 the modal shares.
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Figure 48: Speed profile of vehicles at location 2 in Ludhiana.

Day Night
Figure 49: . Modal share of vehicles at location 2 in Ludhiana
Figure 50 shows the 5th, 95th percentile and mean speeds for vehicles at location 3 in

Ludhiana and Figure 51 the modal shares.

The above data show that in general a shift exists in the pattern of traffic at day and night
time. During night the proportion of vehicles travelling at higher speeds were observed to
be higher and the proportion of cars increases and three-wheeled vehicles (auto) reduce at

night. These two factors may contribute to the high fatality rates at night.
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Figure 50: Speed profile of vehicles at location 3 in Ludhiana.

Day Night

Figure 51: Modal share of vehicles at location 3 in Ludhiana.

Research of the luminance/darkness on the road and the road side

Luminescence data was measured by
assembling three light metres orthogonally

and mounting them on a tripod (Figure 52).
AGRA

NH2 Observations

e Conditions: Highway, Clear

weather, Mid-Block Section
Figure 52: Assembly of 3 light meters mounted on a
e Type of Luminaire: Na Vapor Lamp, tripod.

20m spacing, (neighboring street light non-functional)
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No value in any direction greater than 12 lux compared to Road Class: Al, average

recommended luminance is 30 lux.

Overall Uniformity = 1 (but values 2/2) >0.4

Longitudinal Uniformity= 0.5 < 0.7

Surround Footpath Values (direct): 12 lux

e Many extra posts exist, but lights on many non-functional

MG Road Observations

e Conditions: Highway, foggy weather, mid-block section

Arrangement: Opposite

Type of Luminaire: Na Vapor Lamp, 30.2m spacing, neighbouring street light non-

functional

No value in any direction greater than 20 lux, Road Class: A2, average luminance by

code 15 lux.

Overall Uniformity = 1 (but values 2/2) > 0.4 ok

Longitudinal Uniformity= 1.0 > 0.7

Surround Footpath Values (direct): 20 lux in front of post

Surround value drops to 5 lux 15m from the post

NH 11 Observations

e Conditions: Highway, Clear weather, Mid-Block & Intersection
e Arrangement: Opposite

e Type of Luminaire: Na Vapor Lamp, 50m spacing, neighbouring street light non-

functional

e No value in any direction greater than 10 lux, Road Class: Al, average luminance by

code 30 lux
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e Overall Uniformity =0.25< 0.4

e Longitudinal Uniformity=0.5< 0.7

e Surround Footpath Values (direct): 22 lux front of post

e Surround value drops to 1 lux 7m from the post

e Alarge number of lights non-functional leading to low U values.

Luminescence values suggest that lighting conditions on all roads are much lower than that

recommended by national and international standards.

LUDHIANA

Location 1 observations:

This location in the outer of SH11, lacked relevant infrastructure and any street lighting.

Location 2 observations

Weather Clear
Location NH1 (Sherpur Chowk)
Section Mid-Section

Configuration
Luminaire

Comments

Opposite Sided Configuration
Na Vapor Lamp

Due to construction work rubble

was lined up on the side corridor

Class of Road* Al
Spacing 30m
uo 0.66
UL 1.0
Eav 25 lux

53



Location 3 observations:

Weather
Location
Section
Configuration
Luminaire

Comments

Class of Road*
Spacing

uo

UL

Eav

Surround

The data from Agra and Ludhiana suggests that the high rate of night-time crashes may be
also due to low visibility conditions at night and a higher proportion of four-wheeled
vehicles. This could be particularly true when a vast majority of the victims are vulnerable

road users. The probability of fatalities for pedestrians increases for about 10 per cent at

Clear

NH95 (Front of Hyatt Regency)
Mid-Section

Opposite

LED (low power)

A lot of ambient light was observed

from the mall nearby
Al

35m

1.0

1.0

20 lux

~7 lux

impacts of 30 km/h to over 70 per cent at 50 km/h.

Meeting with community leaders of one study city to discuss findings and

possibilities for future action

A Stakeholder Workshop for Road Safety in Agra was organised at the Trident Hotel in Agra
on 20 June 2014.

e Forty six persons participated in the meeting

e All participants were provided the following documents

o Traffic Safety in Agra - A Report
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o Essential Ideas from Safety, Sustainable and Future Urban Transport
o When Someone is Hurt

o Dealing with Traffic - a guide for young people

o Ten Years of TRIPP

o TRIPP Bulletin

Professor Geetam Tiwari opened the Workshop with introductory remarks regarding the
work done by TRIPP IIT Delhi in collaboration with IATSS to assess the road safety situation
in Agra along with a background on TRIPP. This was followed by introduction by all the

participants.

Professor Kenji Doi gave Opening Remarks and then Mr. Pradeep Bhatnagar, Commissioner
Agra division (the administrative unit which includes Agra district), and Chairman, Agra
Development Authority, inaugurated the Workshop and released the report, Traffic Safety
in Agra. He congratulated the organisers for conducting such a detailed study of traffic
safety in Agra. He requested the stakeholders present to study the report and suggest ways
to improve traffic conditions in Agra. He also assured government support for any further
studies to be done by TRIPP IITD in Agra and that the government will give more importance
to provision of facilities for pedestrians in the future. However he requested that any
suggestions that are made be practical from the point of implementation according to the
prevalent conditions in Agra. The Commissioner stated that there was no real shortage of

funds to implement practical solutions.
The TRIPP IITD team made 5 presentations:
e Dinesh Mohan: Road Safety in Agra — Study results
e Geetam Tiwari: Road Safety in Agra — Road and Street Design
e Sudipto Mukherjee: Vehicle Design and Safety
e Girish Agrawal: Road Safety and the Law

e Mathew Varghese:  Emergency Care and Pre-hospital care programme
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Salient points raised during discussions:

e Regional Transport Officer mentioned the problems faced by them in checking errant

vehicles due to shortage of manpower.

e Virendra Gupta, Chairman Transport Chamber Welfare Association, suggested that if
the Ring Road and Northern Bypass projects were implemented then many of the
commercial vehicles would not have to enter Agra city. This should result in a

reduction of road traffic injuries in Agra.

e Mr. A. K. Tripathi, Superintendent of Police, Traffic, informed the gathering that the
Agra Police Department was planning to install red light and speed checking cameras
in Agra and connect its systems to the national vehicle registration register so that
out of state vehicles could be identified for traffic violations. He also said that in
future they planned to record the lat-long coordinates for road traffic accidents to
make it easier to do black spot analysis. He also felt handicapped by shortage of staff
and suggested that automation that made it difficult for drivers to violate laws like

seat-belt and helmet usage might help.

e Rajiv Garg, Head of Department, Civil Engg Department, Anand College of
Engineering, and Prof.V. K. Gupta, Hindustan College of Science & Technology
mentioned that their students and staff were very aware of safety issues, especially
in the vicinity of their institutions. They suggested that in future some of their

students could be involved in traffic and safety studies in Agra.

A copy of the report Traffic Safety in Agra distributed to all the participants is include in

Appendix 3

Development of detailed urban road design and street furniture guidelines for

Agra to maximise safety

Detailed guidelines for designing safer streets for Agra have been prepared based on a

detailed survey of three road types:

e National highway traversing the city

e Arterial road in the city
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e Local street (with commercial activity) in the city
The draft full report including these guidelines is included in Appendix 4.

A final version of this report will be reformatted, and re-edited and printed for public

distribution in April.

Traffic and Safe Communities document

The experience gained from this project has been used to prepare a document titled Streets
for Safe Communities. This document is intended to familiarise policy makers and interested
professionals with principles associated with planning a safe city. Printed and pdf versions of

this document will be available in the public domain.
The draft version of this document is included in Appendix 5.

A final version of this report will be reformatted, and re-edited and printed for public

distribution in April.

High level stakeholder meeting on urban traffic safety in India

IIT Delhi and IATSS collaborated with TERI to organise a special Thematic Track on ‘Safe-and-
Clean Transport for Sustainable Cities’ at the 15th Delhi Sustainable Development Summit

on 6% February 2015 in Delhi. The background note on the Track is given below.

Background note on safe and clean transport for sustainable cities

Most cities in the world are grappling with issues concerning sustainable transportation and
safety on the streets. The more complex the issue, the more there is a tendency to focus on
the simpler and more technical aspects of the problems. Sustainable transport solutions are
frequently reduced to those concerning cleaner vehicle emissions, provision of public
transport and ‘encouraging’ walking and bicycling. The reasons why people and
governments don’t or cannot follow many of the prescribed goals get less attention.
Complex issues involving the interaction of urban structures, urban layout, street design and
architectural forms and their influence on human behaviour in transportation choices get

neglected by many planners.
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This thematic track is proposed on the back of Japan-India collaborative research carried out
through International Association of Traffic and Safety Sciences (IATSS) and Indian Institute
of Technology Delhi (IITD). Japan experienced a serious problem of traffic fatalities that was
referred to as “Traffic War” around 1970, and IATSS was established to cope with the
problem, specifically by an interdisciplinary approach in 1974. In the first part of the track,
after introducing “Community design for traffic safety in India” as an interdisciplinary
research approach, some successful cases and histories in reducing traffic fatalities in Japan

and other countries will be explained.

Although travel patterns vary from city to city in the use of bicycles, paratransit modes,
mopeds and official public transport, these cities represent the growing urban
agglomerations of India where high growth rates are expected in the next decade. However,
these modes will not look attractive unless people perceive them to be safe. In the second
part of the track, experiences gained from a detailed study of traffic safety in 6 Indian cities
will be used to demonstrate how street designs can be altered to make our cities inherently
safer. Among these 6 cities, the study team paid special attention to Agra as it has one of
the highest fatality rates in India, and proposed an integrated program of road space design
from an engineering perspective, built environment design from a land-use perspective, and
community design from a social and cultural perspective to enhance urban transport
sustainability. A move toward designing safer streets and neighbourhoods has to become an

integral part of our efforts to move toward a more sustainable future.

Human beings are strongly influenced by structures and systems they operate in, solutions
based on individual behaviour change are not very successful in most situations. The more
complex the system, the less freedom individuals have in changing their own behaviour.
Here we focus our attention on how a city can be made safer, independent of enforcement
and policing activities. This in the belief that unless people feel safe from crime and traffic
accidents they will not willingly walk, bicycle or use public transport. Therefore, urban safety
becomes a necessary though not sufficient condition for the promotion of sustainable urban
futures. In this context, broader concept of sustainability of urban transport is discussed in
our thematic track with emphasis on road traffic safety, environmental and health impact,

and community resilience.
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To cope with growing traffic fatalities and injuries worldwide, the UN General Assembly
adopted a resolution on “Improving global road safety” in April 2014. The WHO has warned
that road traffic crashes are on a path to becoming the fifth leading cause of premature
mortality by 2030, in many emerging economies. A large majority of the victims of traffic
accidents are pedestrians, cyclists and motorcyclists who account for over two thirds of road

traffic fatalities.

Traditionally, road traffic safety policies aim to

reduce the risk of a crash by improving road Social usability
infrastructure, by educating road users, and to

reduce the injury outcome of a crash by

improving vehicle technology and enforcing

seatbelt and helmet usage by law. Furthermore, a

rapid increase in traffic fatalities in early stage of

motorization is associated with the development

of road infrastructures deficient in design and

increase in speed of vehicles.

Urban form in the structure of its street layout and types of roads have a determining
influence on traffic safety. Cities with the same socio-economic characteristics can have very
different road traffic fatality rates. Local street and junction design can have a strong
influence on promoting safety. Until today vehicle speeds have been a low priority area in
urban road design. The best way forward in the short run is to develop strategies where
infrastructural measures like traffic calming are combined with vehicle measures to control

vehicle speeds.

Placing public transportation where it is equitably responsive to community needs and
encourages links to vibrant centres is valuable. Community involvement and comprehensive
approaches and multiple sectors working together is essential for designing safer streets.
Effective and safe road design and transport planning has to address a set of conflicts
implicit in the social context within which roads are built and transport is provided. Social
usability, safety and accessibility are interlinked and interdependent. All three aspects have
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to be considered in design of safe and livable cities. An interdisciplinary approach is

therefore necessary.

Safety of pedestrians and bicyclists must be taken up urgently in all Indian cities. This
requires serious commitment by city authorities and municipalities. It is possible to retrofit
city streets by introducing traffic calming, small roundabouts segregated cycle tracks and
pedestrian paths on arterial roads to create a safe city wide network for pedestrians and

bicyclists.

Programme for the Thematic Track

3:15—-3:30 PM: Introduction to the track by Co- Chairs :
e [IMr S Sundar, Distinguished Fellow, TERIT

e [IProf. Kazuhiko Takeuchi, IATSS Executive Vice President (Director and Professor,
Integrated Research System for Sustainability Science (IR3S), Todai Institutes for Advanced
Study (TODIAS), The University of Tokyo)

3:30-3:40 PM: Presentation - ‘Research Framework on Community Design for Traffic Safety’

e Prof. Kenji Doi, Professor, Department of Global Architecture, Graduate School of

Engineering, Osaka University

3:40-3:50 PM: Presentation - ‘Achieving Safe Road Traffic Experience in Japan’

e Prof. Takashi Oguchi, Professor, Institute of Industrial Science, The University of Tokyo.
3:50-4:05 PM: Presentation by IITD on ‘Safe Transport and Sustainable Cities’

e Prof. Dinesh Mohan, Volvo Chair Professor Emeritus, Transportation Research & Injury

Prevention Programme, Indian Institute of Technology Delhi

4:05-4:20 PM: Presentation by TERI — “Making public transport safe and clean - Focus:

public transport provided by private operators'
e Ms Megha Kumar, Research Associate, Sustainable Habitat Division, TERI
4:20-4:30 PM: Presentation

e Mr Colin Delmore, International Development Director, Asia Injury Prevention

Foundation
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4:30-4:40 PM: Presentation

e Prof. Hironori Hamanaka, Chair of the Board of Directors, IGES
4:40-4:50 PM Special Address

e DrR. K. Pachauri, Director- General, TERI

4:50-5:10 PM: Open House

5:10-5:15 PM: Vote of Thanks
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Appendix 1 - Sample of police First Information Report (FIR)
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VP AT S ATV TVENITG W AT Wi P AR SETAS S T neas e D

No: 146 to take up the invastigation, O
OR
{V) Transforred to P.S{name): District:
14,
Signature / Thumb Impression Signature of Officer
Rank: 51 No.; 783
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Appendix 2 - Accident Recording Form

Road Accident Recording Form

Accident Information

Form No.
Filled By Date filled (dd/mm/yyyy) | / [ |
Police Report Available 0=No 1=Yes If yes, FIR No

City/Town/Village Name

Time of Accident I:I:l

Date [T Jop LT Tl Jovvyy

Day 01=Monday 02=Tuesday 03=Wednesday 04=Thursday 05=Friday 06=Saturday 07=Sunday 08=Unknown
Hollday 0=No 1=Yes 9=Unknown

Hit and Run 0=No 1=VYes 9=Unknown

Accident Severity 1=Damage Only 2=Injury 3=Fatal 9= Unknown

No. of Fatalities
No. of Injured

No. of Vehicles Involved

Collision Type

01 = Hit pedestrian 02 = Vehicles head on 03 = Vehicle hit from back

04 = Vehicle hit from side at right angle 05 = Sideswipe (same direction) 06= Vehicle Sideswipe (opposite direction)
07 = Overturn 08 = Vehicle hit fixed object 09 = Run off the road

10= Others 99 = Unknown

Collision SpOt 01 = On straight road 02 = Road junction 03 = Other 09 = Unknown
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Type of Road 0= Un-metalled 01=Metalled (Black topped/Concrete)  02=Others 09=Unknown
Divider 1=Two-Way without median 2= Two-way with median 3= One-way 9= Unknown
Location 1=Urban  2=Rural 3=Semi-Urban  4=Other 9=Unknown

Light Condition 1=Day light 2=Dark  3=Dark butlighted 4=Dawn 5=Dusk 9=Unknown

Road Category RURAL: 1= State Highway 2= National Highway 3= PMGSY

URBAN: 4=Arterial 5=Sub-Arterial 6=Local Street 7=Llocal 8=Other 9= Unknown

|

Distance Km post. In the absence of Km post - from the nearest urban centre (m)
From

Global Position (latitude) (longitude)
Road 1 Road 2

Road 3 Landi

Brief Description of Accident
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Vehicle Information

Form No.

Type

01 = Multi-Axle Heavy Goods vehicle 02 = 2-Axle Heavy Goods vehicle

05=Bus 06 = Car/van/jeep/taxi

09= Three Wheeler Passenger 10=Three Wheeler Goods

13 = Tractor without Trailor 14=Tractor with Trailor

17 = Animal drawn vehicle 18=Bicycle

Maneuver of Vehicle at Crash Time

Vehicle

03=Light Goods Vehicle 04 =Mini Bus

07= Ambulance 08= Fire Fighting Vehicle

11 =Thela 12=Electric Cycle

15 = Cycle Rickshaw 16 = Motorcycle/Scooter/Moped

19=Pedestrian 20=0thers 99=Unknown

01 = Proceeding straight 02 = Turning 03 = Reversing 04 = Overtaking 05=Parked/Stopped

06 = Other 07= Going wrong way 08= Making U turn 09 = Unknown

Loading 1=Normal 2= Overloaded 3= Others 9= Unknown I:I
DiSpOSitiOll 0=Not Roadworthy (needs to be towed away) 1= Roadworthy ( can drive away) 9 = Unknown
Mechanical Failure 0=No  1=Yes  9=Unknown

Hazardous Cargo 0=No  1=Yes  9=Unknown

Fire 0=No 1=Yes 9=Unknown

Impact-Vehicle/Object

Vehicle type (If another vehicle impacted this vehicle)

13=Kerb/Median 14= Pole

Make-Model
Model-Year

Form No.

Type
01 = Multi-Axle Heavy Goods vehicle 02 = 2-Axle Heavy Goods vehicle

05= Bus 06 = Car/van/jeep/taxi
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11=Pedestrian

12=Tree

15= Other 99=Unknown

Vehicle

03=Light Goods Vehicle 04 =Mini Bus

07= Ambulance 08= Fire Fighting Vehicle




09= Three Wheeler Passenger

13 = Tractor without Trailor

17 = Animal drawn vehicle

10=Three Wheeler Goods

14= Tractor with Trailor

18=Bicycle

Manoeuvre of Vehicle at Crash Time

01 = Proceeding straight

06 = Other

Loading
Disposition
Mechanical Failure
Hazardous Cargo
Fire

Impact-Vehicle/Object

Vehicle type (If another vehicle impacted this vehicle)

13=Kerb/Median

Make-Model

Model-Year

Road User

Occupant Vehicle

01 = Multi-Axle Heavy Goods vehicle
05= Bus
09= Three Wheeler Passenger

13 = Tractor without Trailor

17 = Animal drawn vehicle

02 =Turning

07= Going wrong way

1=Normal

0=Not Roadworthy (needs to be towed away)

03 = Reversing

08= Making U turn

2= Overloaded

11 =Thela

15 = Cycle Rickshaw

19=Pedestrian

04 = Overtaking

09 = Unknown

3= Others

0=No 1=Yes 9=Unknown
0=No 1=Yes 9=Unknown
0=No 1=Yes 9=Unknown

14=Pole

11=Pedestrian 12=Tree

15= Other

Victim Information

1= Passenger, 2= Driver, 3= Pedestrian, 4=Cyclist, 9= Unknown

02 = 2-Axle Heavy Goods vehicle

06 = Car/van/jeep/taxi
10=Three Wheeler Goods

14= Tractor with Trailor

18=Bicycle

03=Light Goods Vehicle
07= Ambulance
11 =Thela

15 = Cycle Rickshaw

19=Pedestrian

9= Unknown

1= Roadworthy ( can drive away )

12=Electric Cycle

16 = Motorcycle/Scooter/Moped

20=0thers 21=Unknown

05=Parked/Stopped

9 = Unknown

99=Unknown

04 =Mini Bus
08= Fire Fighting Vehicle
12=Electric Cycle

16 = Motorcycle/Scooter/Moped

20=0thers 21=Unknown

0l=Front 02=Back 03=Other

Seating Position 09= Not Applicable for Cyclist/Pedestrian

Location of Non-occupant

In years, 99 if unknown

Age
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Sex 1=Male 2 = Female

Illjlll'y 0 = No injury 1=Injured 2=Fatal 9=Unknown

Pedestrian/Vehicle Impact

Mode of Treatment

0=None O01=Firstaid only  02=Discharge after casualty ward treatment 03=Admitted to hospital 08=Others 09=Unknown

No. of Days in Hospital Days, Unknown- 999

Injury 1 Injury Severity 1

Injury 2 Injury Severity 2

Injury 3 Injury Severity 3

Injury 4 Injury Severity 4

Injury 5 Injury Severity 5

Injury 6 Injury Severity 6

Most Severe Injury ISS

70



Appendix 3: Traffic safety in Agra

71



TRAFFIC SAFETY IN AGRA

Dinesh Mohan
Geetam Tiwari
Sudipto Mukherjee

Transportation Research & Injury Prevention Programme
Indian Institute of Technology Delhi
New Delhi 110016

June 2014

72



2 TRAFFIC SAFETY IN AGRA

Suggested citation
Mohan, D., Tiwari, G., Mukherjee, S. 2014) Traffic Safety in Agra. New Delhi:

Transportation Research & Injury Prevention Programme, Indian Institute of Technology
Delhi.

OTRIPP, IIT Delhi. Contents may be reproduced without attribution.

73



CONTENTS

ACKNOWLEDGEMENTS .....ciiiiimmmnniissiiiimmmnesssisiimennmssssssssssnnsssssssssssnsssssssssssssnnnsssssss 1
T3 Yo o 1¥ Tt o o PN 2
1Y =14 T X« [ 3
RESUILS ... ieeeiiiiiiiiiitcerrreecerriaeesrenaeerenasesreassessensssnesnssesennsseseensssseensssseenssssssnansnnenn 4
Vehicle POPUIALION ........eiiiee e et e e ee e e e e an 4
B i 1 ol 1 1V U RU 5
Pattern of fatal Crashes.........oo i e 7
ROAM USEI TYPE....ueiiiee ettt et e e e tbe e e e e tbe e e e eeeanteeeaeeesnnees 7
Striking vehicles and type road User VICtMS .......ccveeieeiiiiiee e 7
TIME OF AY ceeeiicie e e et e e e e e e e e ar e e e e e e aaeeaeeeeannrees 9
Relative risk of fatal crashes .........ueee e 9
City structure and road deSigN.......c..uveiii e e 10
CONCIUSIONS.....ccuiieeeiineeteeetnetenernnernseensesenssenserensessnsssassesessssnssssssesnnsesansennsasnnne 11
RO EIENCES ... iteeeiereeneirtreneerereeeretaeneteersseerennsserrassessransessensssssesassessnnssesssnssesnnsnnnes 13

74



75



ACKNOWLEDGEMENTS

The International Association of Traffic and Safety Sciences (IATSS), Japan, supported this
work. Appreciation is extended for useful suggestions and help provided throughout the
project by Prof. Kazuhiko Takeuchi, Prof. Kenji Doi, Prof. Takashi Oguchi, Mr. Toshio
Yokoyama, Dr. Yuichi Inoue, and Prof. Yuto Kitamura. Thanks are due to Mr. Hasegawa,
Ms. Hideko Sasa, Mr. Hideyuki Omae, Mr. Hosokawa, Mr.Tanigawa, Mr. Tomoyuki Kajita,
Mr. Toru Kakinuma, Ms. Uchiyama for support from the IATSS secretariat.

Assistance in data analysis was provided by Abhay Jha, Ankit Malhan, Sudatta Mohanty,
Abhinav Kumar, Rahul Goel, and Deepty Jain.

Assistance in obtaining data from Agra and management of project logistics by Mahesh
Gaur.

Assistance in data transcription and coding by Akhil Das, Kamalpreet Singh, Suman
Dwivedi, Mahesh, Amrendra Kumar, Sunil Sharma, and Vijendra Kumar.

Appreciation is extended to officials from the Police Administration and Department of
Transport Agra for cooperation in collection of data from Agra.

76



2 TRAFFIC SAFETY IN AGRA

INTRODUCTION

This document, Traffic Safety In Agra, aims to provide policy makers and citizens of Agra
details regarding fatal road traffic crashes in the city and suggestions regarding possible
countermeasures that may be put place to reduce the incidence of such crashes. The
Transportation Research and Injury Prevention Programme at the Indian Institute of
Technology Delhi conducted the study with support from the International Association of
Traffic and Safety Sciences (IATSS).

Injuries and deaths due to road traffic have become a serious public health problem in
India. According to the National Crime Records Bureau 139,091 persons were killed in
road traffic crashes in 2012. The fatality rate increased from 36 per million persons in
1980 to 125 per million persons in 2012 (Figure 1).

In Agra road traffic fatalities increased from 89 in 2011 to 653 in 2011. The population of

Agra city increased from 462,000 in 1961 to 1,574,000 persons in 2011 with a decadal

growth rate

ranging  from

25% to 32% in

the last five

decades. The

growth rate

was lowest in

the last decade.

The present

density of the

Figure 1: . Traffic Fatalities in India 1970-2012 (Source: NCRB) city is 84

persons per hectare. Sex ratio in urban region of Agra district is 857 as per 2011 census
data.

77



METHOD

Reasearchers from TRIPP visited Agra to collect data from police stations, transportation

departments, and municipality.

Copies of FIRs for fatal road traffic crashes for the years 2007-2011 were collected from

14 police stations (Table 1) and data coded for analysis at IIT Delhi.

The cases for which details of loaction were available were plotted on the map of Agra.

Traffic flow and speed measurements

Table 1: List of police stations in Agra used for
data collection

were done on the following locations:

Mantola New Agra
1. National Highway-2 M. M. Gate Etmaddullah
2. National Highway-11 Nai Ki Mandi Sikandra
3. M GRoad LohaMandi Shahganj
Rakabganj Tajganj
Light intensity was measured at the HariParvat Chatta
above locations at night. Sadar JagdishPura

The following analyses were conducted:

Fatalities by road user type and struck vehicle

Road traffic fatalities by time of day and road user type

Occupant fatality (Personal Risk) per 10 million trips

Fatalities associated with different vehicle types

Actual location of fatalities in Agra (motorised and non-motorised)

The entire city was divided into grids (based on latitude/longitude) and the
number of traffic fatalities in each grid correlated with the lengths of different
types of roads and the number of intersections in that grid. Number of fatalities in
small buffer regions (circular regions of 0.01 degree radius) was correlated with
built environment parameters such as width of roads, paved/unpaved shoulders,
median/safety barrier presence, population density, and land-use pattern.
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4 TRAFFIC SAFETY IN AGRA

RESULTS

VEHICLE POPULATION

Table 2. Vehicle population in Agra 2011.

Vehicle Number Percent
Motorised two-wheeler (MTW) 5,68,470 81.4
Auto rickshaw (TSR) 8,724 1.2
Car and jeep 60464 8.7
Taxi 3,853 0.6
Bus 1,791 0.3
Truck 18,160 2.6
Tractor 37,121 5.3
Total 6,98,583 100

e Earlier research studies indicate that the actual number of personal motor vehicles in
use in Indian cities is 55%-65% of the number registered.'3 This is probably because
owners of personal vehicles pay a lifetime tax when they buy a vehicle and neglect to
have the vehicle de-registered when it goes out of service.

e In all analyses in this study a reduced estimate of personal vehicles will be used for all
calculations.

e Agra has two major national highways going through the city (NH2 and NH3) and is a
major tourist destination. The number of buses and trucks registered in the city may
not represent the actual number of buses and trucks on the roads in Agra.

e Motorised two-wheelers (MTW) comprise a vast majority of vehicles in Agra. This
would influence the pattern of road traffic fatalities in the city.
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TRAFFIC FLOW

To understand traffic flow and street lighting conditions in Agra, data was collected from
three roads with high incidence of fatal crashes:

1 National Highway-2, (Class A1 road, NLC- Table 3. Traffic flow data from 3 locations in
2010)

2. National Highway-11 (Class Al road, NLC-
2010)

3. M G Road (State Highway, Class A2 road,
NLC-2010)

Agra.

Traffic was video recorded in the daytime and at
nigh time at midblocks on all three locations
from the first floor of buildings on the road. The
data recorded was analysed to calculate traffic
flows and velocities of vehicles.

Table 3 shows that:
e Motorised two-wheelers comprise the
largest proportion of motorised road users
on the three roads surveyed both in the day
and night.
e The proportion of heavy vehicles and cars is highest on National Highway 2 running
across the city.
e Proportion of car traffic increases at night on NH2 and MG road
e MH 11 remained very congested both in the day and night.
e Volume of traffic is the highest in the daytime on Mg Road.

e Traffic flow generally reduces in volume at all three locations.

There were no safe and convenient facilities for pedestrian and bicycle traffic along on
any of the roads surveyed. Neither were there safe places for these road users to cross
the road at convenient intervals.

Research studies show that the probability of fatal pedestrian crashes increases

dramatically from about 10% at vehicle impact speeds of 30 km/h to about 80% at 50
km/h.
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6 TRAFFIC SAFETY IN AGRA

Figure 2 shows the proportion of TSR, MTW, cars and heavy vehicles travelling at speeds
greater than 30 km/h at two locations in Agra. These data show that MTWs have the
highest proportion in the daytime and cars and trucks have higher velocities at night on
NH2. Velocities seems to reduce at night at the location of the survey on NH 11.
However, it is possible that some of these observations would be different at other
locations and roads in the city.
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Figure 2: Percent of vehicles with velocities greater than 30 km/h at in day and night at three
locations surveyed in Agra

Average Illuminance was measured with light meters at the three locations at night with
a special instrument fabricated at IIT Delhi. Data was collected on the side of the roads at
1.5m. The Average value of llluminance (Eav) should be 30 lux for reasonable visibility at
night time on urban roads. The measured values at all three locations varied between 10-
20 lux.?

The observations show that conspicuity of pedestrians and bicyclists was compromised at
all locations because of inadequate visibility (Figure 3). At these locations, very often the

infrastructure was present for the provision of streetlights but either the spacing
between light poles was greater than desired and/or the lights not being functional.

Figure 3: . Picture of lighting conditions at night on NH11.
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PATTERN OF FATAL CRASHES

Agra had a fatality rate of 41 persons per 100,000 persons in 2011. This compares with
rates of 11 in Delhi, 10 in Vadodara, and 24 in Vishakhapatnam. Agra has among the
highest fatality rates in Indian cities.

Road user type

Figure 4 shows the distribution of fatalities by road

user type.

e Vulnerable road users (pedestrians, bicyclists
and motorised two-wheeler (MTW) riders
comprise 88% of all fatalities.

e Auto rickshaws (TSR) occupants are only 4% of
all fatalities.

Figures 5 and 6 show the fatalities during day and Figure 4: Fatalities by road user type

over the whole day in Agra (TSR —
Auto rickshaw, MTW - Motorisewd

two-wheeler)

night respectively
e Vulnerable road users dominate both during
day and night.

Figure 6: Fatalities by road user

Figure 5: Fatalities by road user type 18:00-06:00 (night time) in
type 06:00-18:00 hours (daytime) Agra.
in Agra.

e Auto rickshaw fatalities are much more during the day because they do not operate
late at night and during early morning hours.

e Pedestrian fatalities are slightly higher at night.

Striking vehicles and type road user victims

e The largest proportion of fatalities for all road user categories is associated with
impacts with trucks and cars.
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TRAFFIC SAFETY IN AGRA

An interesting feature emerging from this analysis is the involvement of motorised
two-wheelers as impacting vehicles in VRU crashes. This is probably because of the
mixing of pedestrians and bicyclists with MTW traffic

Trucks and buses striking MTWs is greater during the day.

Proportion of car impacts with pedestrians is greater during the day.

Figure 8: Fatalities in the night time by road user type and striking
vehicles.

Figure 7: . Fatalities in the daytime by road user type and striking
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Time of day

Figures 9 and 10 show the
fatalities by road user category

and time of day in Agra.

Pedestrian and bicycle
fatalities peak somewhat
earlier in the morning than
the motor vehicle fatalities.
This may be because this
class of road users start for
work earlier than those using
motorised transport.

Figure 9: Road traffic fatalities by time of day for truck,

bus, car, TSR and MTW occupants

The total fatality rate remains

somewhat similar between the hours of 10:00 and 18:00 and a strong bimodal

distribution is not observed. This could be because school, commercial and

government working timings are staggered.

MTW and pedestrian deaths are relatively high at 22:00-23:00 when we would expect

traffic volumes to be low. Drinking and riving data are not available, but this cojuld be

a major factor

Proportion of pedestrian and
bicycle fatalities remain high
during the hours after sunset
when their numbers are lower
than that in the daytime.

Traffic flow data shows that
proportion of trucks and cars at
speeds greater than 30 km/h is
higher at night (especially on
NH2) and level of street lighting
less than recommended by
national standards. These two
factors may account for high

Figure 10: Road Traffic fatality by time of day for
bicyclists and pedestrians.

rate of pedestrian fatalities at night.

RELATIVE RISK OF FATAL CRASHES

The personal fatality risk as shown in Figure 11 has been calculated by dividing the

vehicle specific occupant fatality rate by estimates of average number of occupants
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TRAFFIC SAFETY IN AGRA

carried by each vehicle per day. The numbers assumed are: MTW — 4, TSR — 60, Car —

7.
e Helmet use
and use of
daytime
running
lights is not
compulsory
in
These

Agra.
two

M MTWHE # TSRZ B Car

(V] 13 23 3@ el 58 61

Figure 11: Relative personal risk of fatal crashes for occupants of
motorised two wheelers (MTW), auto rickshaws (TSR) and cars per 10

measures jointly have the possibility of reducing the MTW fatality rate by about

50%.°

e Enforcement of seatbelt use by car occupants can decrease car occupant fatality rates

by 30%-50%.°
Figure 12 shows
the
society of all the

relative to

fatalities in
collisions
associated  with

MTWs, TSRs and
cars. These data

M MTWE # TSRZ B Car

R

[V

50

1002 1508 2002 2508

Figure 12: Deaths associated with motorised two-wheelers (MTW), auto
rickshaws (TSR) and cars per 100,000 vehicles per year.

suggest that special attention need to be given to vulnerable road user collisions

associated with TSRs and cars.

CITY STRUCTURE AND ROAD DESIGN

Figure 13 shows that a majority of fatal crashes take place on the national highways

passing through the city and on the major arterial roads of the city. Regression analysis

provides the following results for the effect of built environment on as predictors for

road traffic fatalities.®
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Figure 13: Location of fatal crashes in Agra for the years 2009-2011 for the cases when could be
ascertained.

e As compared to no road markings, presence of road markings decrease expected
number of fatal crashes in the region.

e as compared to poor pavement quality, good pavement quality increases expected
number of fatal crashes in the region. This is probably due to higher speeds on better
pavement quality.

e Presence of raised mediums increases the probability of fatal crashes. This is probably
because roads with raised medians may have heavier traffic volumes and presence of
heavy motor vehicles, and of more impacts with medians.

CONCLUSIONS

e Wide roads and highways in Agra have high crash rates . Current location and design
of highways in Agra is unsafe. Safer design criteria need to be evolved including the
possibility of elevated national highway and bypasses in the city.

e Association of buses and trucks with fatalities is high.

e Motorcycle occupants have high risk.

e Relative risk for all groups is higher at night.

e Enforcement of provisions in the Motor Vehicles Act regarding mandatory helmet use
by motorised two wheeler riders, seat belt use by motor vehicle occupants,
enforcement of speed limits and control of drinking and driving will have a very
significant effect in reduction of road traffic fatalities in Agra.

e TSR and MTW crash involvement with pedestrians and bicyclists of concern — design

implications.
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12 TRAFFIC SAFETY IN AGRA

e Presence of road markings decrease expected number of crashes .

e High rate of pedestrian MTW crashes at night — alcohol and lighting is an issue.

e Presence of median increases expected number of accidents in the region. This
observation raises questions on the design of the medians.

e As compared to poor pavement quality, good pavement quality increases expected
number of accidents in the region. Higher speeds are observed on better pavement
quality. This requires presence of speed control measures.

e Arterial roads need provision of segregated bicycle paths and adequate pedestrian
facilities.

e Traffic calming required on local arterials and streets.

e Safer and more efficient paratransit facilities should be supported.
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92



SafeStreets for-Agra

93



1.0
2.0
2.1

2.2

3.0
3.1

3.2
3.3
4.0
4.1

4.2
4.3
4.4
5.0

Safe Streets for Agra

Contents

Introduction

Why Safe Streets?

How safe are Agra streets?
Design Issues

Vison

Principles

Design process
Implementing Safe Streets
Road Network

Cross Section design
Intersection Design

Street Infrastructure

Services, Signage & Marking

Audit
Bibliography

94

1

14
16
19
20
21
24
33

37

45

46



SafeStreets for-Agra

95



Agra is known for the Taj Mahal. However, Agra
is more than the Taj. With heritage mouments of
great importance, rich cultural history and bustling
markets, the people of Agra are engaged into small
scale industries, trade and tourism. Agra is the 20th
most populous city in the country. (Metropolis Indian
Cities: Managing Urban Growth).With the growth
of the city as well as its importance on the national
map of tourism, transport within the city gains focus.
People living in Agra use the available road network to
commute for work and leisure by using various modes.
They use these streets as a vital public space. Streets
promote both social as well as economic activity.

However, the condition and safety of the streets
needs to be upgraded to promote high quality of life
and livability. The fatality rate in Agra is one of the
highest in the country. The road environment needs

96

to be redesigned and made much more safer to bring
down the fatality rate. The roads environment needs
to be designed for people and not vehicles.

Safe Streets for Agra paves the way to design complete
streetsi.e.safeandinclusive streets forall types of road
users and modes. It promotes sustainable safety and
prioritizes vulnerable road users like pedestrians and
cyclists. It provides the methods to deliver high quality
design of various street typologies in synchronisation
with international best practices and indian policies.
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Figure 1: MasterPlan 2021
Source : Agra development Authority



Safe Streets for Agra

1.0

Introduction

Agra (27°12’ N and 78°12’ E) is located on the banks
of theriver Yamuna in the northern state of Uttar
Pradesh, India, 363 km west of state capital, Lucknow
and 200 km south of the national capital Delhi. Being
centrally located on the national map traffic by rail and
road going south passes through Agra thus making it
a major transport node at the regional level as well as
at the national level.

Agra comes under category B as million plus city
and has also importance of being a world-class
architectural heritage site. For a city with million plus
population that has grown at more than 25% in last
thirty years, the infrastructure development has failed
to keep pace with population growth. The population
of Agra city was 1,574,000 persons in 2011 with a
decadal growth rate ranging from 25% to 32% in the
last five decades. The growth rate was lowest in the
last decade. The present density of the city is 84
persons per hectare.

The city is divided into 80 wards but the distribution
of population is non uniform in the city. Wards 26,
43,50 and 66 have high concentration of population
whereas the wards 36, 40 and 47 have lower
population. The economy of Agra city is based on
small scale industries, commerce, trade and tourism.

The city of Agra has several such deficiencies and
there is a need to make substantial improvement in
basic infrastructure prevailing in the city to raise the
standard of health, sanitation, urban environment
keeping pace with rapid urbanization and growing
population. The importance of Agra city as a leading
tourist destination has to be kept in view while
designing the system to make the city beautiful,
attractive to the tourists visiting the city

The positive role of urbanization has often been
over-shadowed by the deterioration in the physical
environment and quality of life in the urban areas
caused by widening gap between demand and supply
of essential services and infrastructure. It is further
associated with many problems, such as high levels of
poverty, environmental stress, risks to productivity,
high health costs, and lack of access to basic services,

Figure 2: Regional Setting of Agra

Source : CDP, Agra

Table 1: Agra Fact sheet
Source: CMP, Agra

Fact Sheet

Population Density

| 9000 persons per sq. km.

Decadal Population Growth Rate

130.37%
Average Trip Length
| 4.9km
Area under Traffic and Transportation
[ 10%
Table 2: Population growth in Agra
Year Population Decadal Growth Rate
1961 462,000 -
1971 591,000 28%
1981 781,000 32%
1991 978,000 25%
2001 1,275,000 30%
2011 1,574,000 23%




such as water supply, sanitation, and housing.

The total road length of 1724 km in Agra Nagar Nigam
area (including pucca road, semi pucca road, kaccha
road) hasn’t increased in last three years (since 2003)
'. (Source : CDP, Agra 2006).According to Agra Master
Plan 2021, 10.79% of the area will be covered under
Traffic and Transportation. But the road network of
the city offers poor level of service affecting safety,
efficiency and economy of traffic operation within
the city. However, recent data shows that Agra has
recorded increase in road fatalities from 89 in 2001 to
653 in 2011. Agra had a fatality rate of 41 persons per
100,000 persons in 2011. This compares with rates of
11 in Delhi, 10 in Vadodara, and 24 in Vishakhapatnam.
Agra has among the highest fatality rates in Indian
cities.

A clear difference can be seen in the provision of
infrastructure for the pedestrians and the car owners.
Roads have been widened, relaid, etc for smooth
movement of vehicular transport to ensure comfort
to the car user.

¢ Crossing the road is dangerous and difficult. Current
road design is promoting exclusivity and islolation.

¢ Thedeteriorating conditionoftheroadinfrastructure,
missing or lack of footpaths, lighting etc has made the
pedestrians and the cyclists prone to crashes.

¢ Increasing air and noise pollution has ill effects on the
health of citizens of the city. It is leading to respiratory
infections, obesity, etc.

Agra needs to focus on providing for its people and
not the vehicles. With over 78% of people using modes
other than private vehicles of which 37% are purely
walk, (all trips are walk trips for some part of the
journey), it is imperative to provide for pedestrians,
non motorised transport and public transport. They
are the major stakeholders of road users on the
streets.

1 CDP, Agra

Figure 2: Agra Fact sheet
Source : Agra Master pLan 2021

Figure 3: Hostile environment for pedestrians and cyclists

Figure 4: Roads are only for vehicles
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2.0
Why Safe Streets?

Sustainabletransportneedsinclusive streets. Inclusive
streets ensure not only safe mobility — reduced risks
of traffic crashes — but also reduced street crimes and
better social cohesion, and makes public transport,
bicycling and walking attractive, and the preferred
choice for commuting. Hence, Safe streets are
complete streets. They ensure door to door mobility
for all road users in a safe and seamless manner. They
foster a community spirit since residents use streets
to meet, access public spaces and socialize. There
is strong evidence that sustainable urban mobility
planning raises the quality of life in an urban area.’

Safe Streets put pedestrians first. They prioritize
vulnerable user groups like pedestrians and cyclists.
Any type of streets, any width of streets needs to
address the prerequisites of a pedestrian and a cycle.
The approach is people centric and not car centric.
The multi-dimensional experiences of the pedestrian,
cyclist and passenger must all be considered as one, at
the ‘eye-level’ of humans in the city.

Safe streets are forgiving in nature. The road
environment allows the road users to make ‘mistakes’.

Safe streets are more secure street. Newly emerging
research confirms that the presence or fear of violence
impedes activity levels and the ability to move outside
freely, especially among populations that are more
vulnerable to violence such as children, women,
people with disabilities, and older adults.? Safe streets
are inclusive and provide ‘eyes on street’. Integrating
spaces for hawkers and vendors not only provide

Safe streets are for ALL: Design of inclusive streets
gives a safe environment to all age groups and
segregates population from high speeds and prevents
injuries. Safe streets do not discriminate the elderly
and the differently abled.

Safe streets give clean air. The increased dependence
on personal transport leads to high emissions. The
more people use public transport or just walk and
cycle, the cleaner the air.

1 EU mobility
2 larry cohen, carolina guzman, sana chehimi, anna realini.

A move towards designing
safer streets and
neighbourhoods has to
become an integral part of
our efforts to move towards a
sustainable future.

Figure 5: Times Square, New York (Before)

Source: Jeff Rissom

Figure 6: Times Square, New York (After)

Source: Jeff Rissom
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2.1

How safe are Agra streets?

Non motorised transport dominates the modal share
in Agra. Over 75% of the modal share is accounted by
walk (37%) , cyclists (17%) and public transport and
para transit transport. Motorised transport accounts
to about 22% out of which 81% are motorised two
wheelers. Motorised two-wheelers (MTW) comprise a
vast majority of vehicles in Agra. This would influence
the pattern of road traffic fatalities in the city.

Reasearchers from TRIPP visited Agra to collect data
from police stations, transportation departments,
and municipal government sources. Copies of First
Information Reports (FIRs) for fatal road traffic
crashes for the years 2007-2011 were collected from 14
police stations and data coded for analysis at IIT Delhi.

The cases for which details of location were available
were plotted on the map of Agra. Traffic flow and
speed measurements were done along National
Highway-2, National Highway-11 and M G Road.

Increase in Speed: Research studies show that the
probability of fatal pedestrian crashes increases
dramatically from about 10% at vehicle impact speeds
of 30 km/h to about 80% at 50 km/h. Figure 9 shows
the proportion of TSR, MTW, cars and heavy vehicles
travelling at speeds greater than 30 km/h at NH2 and
NH11 in Agra. These data show that MTWs have the
highest proportion in the daytime and cars and trucks
have higher velocities at night on NH2. Velocities
seems to reduce at night at the location of the survey
on NH 11. However, it is possible that some of these
observations would be different at other locations and
roads in the city.

Fatalities in Agra: Vulnerable road users (pedestrians,
bicyclists and motorised two-wheeler (MTW) riders
comprise 88% of all fatalities. Auto rickshaws (TSR)
occupants are only 4% of all fatalities.

. Vulnerable road user fatalities dominate
during day and night.
. Auto rickshaw fatalities are much more during

the day because they do not operate late at night and
during early morning hours.
. Pedestrian fatalities are 4% higher at night.

Figure 7: Modal Split for Agra City
Source : CMP Agra

Car 0%
1%

Figure 8: Vehicle population in Agra 2011

Tractor
5%

Carand jeep
9%

Auto rickshaw
(TSR)
1%

Figure 9: Per cent of vehicles with velocities greater than 30 km/h at in day
and night at three locations surveyed in Agra



¢ Pedestrian and bicycle fatalities peak somewhat
earlier in the morning than the motor vehicle fatalities.
This may be because this class of road users start for
work earlier than those using motorised transport.

e The total fatality rate remains somewhat similar
between the hours of 10:00 and 18:00 and a strong
bimodal distribution is not observed. This could be
because school, commercial and government working
timings are staggered.

¢ MTW and pedestrian deaths are relatively high at
22:00-23:00 when we would expect traffic volumes to
be low. Drinking and riving data are not available, but
this cojuld be a major factor

¢ Proportion of pedestrian and bicycle fatalities
remain high during the hours after sunset when their
numbers are lower than that in the daytime.

Impacting vehicles : The largest proportion of fatalities
for all road user categories is associated with impacts
with trucks and cars. There is a high involvement of
motorised two-wheelers as impacting vehicles in VRU
crashes. This is probably because of the mixing of
pedestrians and bicyclists with MTW traffic. Trucks
and buses striking MTWs is greater during the day.
Proportion of car impacts with pedestrians is greater

Figure 10: Road traffic fatalities by time of day for truck, bus, car, TSR and
MTW occupants

Figure 11: Road Traffic fatality by time of day for bicyclists and pedestrians.

Figure 12: Fatalities by road user type

Fatalities by road user type over the whole day in Agra Fatalities by road user type 06:00-18:00 hours Fatalities by road user type 18:00-06:00 (night
time) in Agra.

(TSR — Auto rickshaw, MTW — Motorised two-wheeler) (daytime) in Agra.
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Figure 14: Fatalities in the day time by road user type and striking vehicles.

Victim Road User Type
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Figure 13: Fatalities in Agra (2011)

Figure 15: Fatalities in the night time by road user type and striking vehicles.

Victim Road User Type
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Figure 16: Location of fatal crashes in Agra for the years 2009-2011 for the cases when could be ascertained.

Figure 17: Poor lighting and non segregated infrastructure on NH2, Agra.

during the day.

e Traffic flow data shows that proportion of trucks
and cars at speeds greater than 30 km/h is higher at
night (especially on NH2) and level of street lighting is
less than recommended by national standards. These
two factors may account for high rate of pedestrian
fatalities at night.

Some of the conclusions highlighted in the study are
as follows:

¢ Wide roads and highways in Agra have high crash
rates . Current location and design of highways in Agra
is unsafe. Safer design criteria need to be evolved
including the possibility of specially designed elevated
national highways and bypasses going around the city.



¢ Enforcement of provisions in the Motor Vehicles
Act regarding mandatory helmet use by motorised
two wheeler riders, seat belt use by motor vehicle
occupants, enforcement of speed limits and control of
drinking and driving will have a very significant effect
in reduction of road traffic fatalities in Agra.

¢ TSR and MTW crash involvement with pedestrians
and bicyclists is an issue of concern. Designs need to
be more VRU friendly.

¢ High rate of pedestrian MTW crashes at night -
alcohol and street lighting is an issue.

¢ Presence of median increases expected number
of accidents in the region. This observation raises
questions on the design of the medians.

Figure 18: Road Network of Agra City

¢ Arterial roads need provision of segregated bicycle
paths and adequate pedestrian facilities.

e Traffic calming required on arterials and collector
streets.

¢ Auto rickshaws are the main mode of pubic
transportation in Agra at present. Therefore, it is
important that special attention be given to their
operations to make them safer, more efficient and
convenient

J Presence of raised mediums increases the
probability of fatal crashes. This is probably because
roads with raised medians are likely to have heavier
traffic volumes and presence of heavy motor vehicles.
Many crashes also involve impacts with medians.
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2.2

Design Issues

¢ Absence of Pedestrian Paths : The road are
mostly devoid of any safe infrastructure like
footpaths or refuge space. The road has only
been asphalted to allow for movement of
motorised vehicles.

e Parking Encroachments: Heavy encroachment
of two wheelers and car parking on pedestrian
infrastructure. This makes the pedestrian
infrastructure  unusable and forces the
pedestrians to use the carriageway alongside
motorised traffic.

¢ Insufficient widths: Many footpaths were not
wide enough to ensure smooth and comfortable
walking.

¢ Obstructions: The other obstructions apart
from vehicular parking include encroachments
due to extension of abutting property, trees,
locations of bus stops, signages on the
walking path.

¢ Lack of amenities like toilets, kiosks, etc.
Toilets have been located but they are not
enough.Theyabruptlydiscontinuethe pedestrian
path. The design of the toilets and making them
accessible for all needs to be relooked into.

e Lack of designated parking spaces: The
entire road stretch has few spaces designed for
parking. Most of the on street parking is free of
charge.

* No integration of feeder service: Auto
rickshaws, e-rickshaws, cycle rickshaws ply on
MG road. There is no provision of integrating
bus stations for commuter convenience.

* No provision for safe cycling: Presence of
cyclists, passenger cycle rickshaws and goods
cycle rickshaws was observed on this road.
However, all the above three modes are moving
in unsafe conditions in a high speed corridor.
With no available prerequisites of bicycle
infrastructure, cyclists travel with motorised

R

Figure 18: Absence of continuous pedestian paths

Figure 19: Vehicular Parking encroaching pedestrian paths

Figure 20: Rickshaws share carriageway in unsafe condi-
tions on high speed roads
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vehicles, risking their lives.

* Unsafe and inaccessible pedestrian crossing:
Crossing facilities in the city are abysmal.
Pedestrians and cyclists need to cross 6 lanes of
traffic. The medians lacks refuge island spaces.

e Obsolete street infrastructure: All of street
infrastructure needs to be universally accessible.
The bus shelters have been designed without
any consideration for people on wheelchair.
Signages, proper lighting, accessible ramps, use
of tactile paving, easy boarding and alighting,
route informations etc should be components of
state of the art bus stations.

e Design of integrated spaces for hawkers/
vendors: A lot of informal activity is present on
the roads. The vendors stand along the road
providing service to bus commuters, cyclists
and pedestrians. Though they are seen as
encroachments by authorities, they provide
security on our roads. The need to integrate
them in the road design is critical.

e Lack of planning to integrate service and
utilities: Light poles, electricity poles come
abruptly in the pedestrian path and road edges.
These are obstructions but also indicate a lack
of planning to integrate the utility in the road
design so that they can be easily maintained
in future without disturbing pedestrians and
cyclists. Proper drainage has been not provided.
This leads to waterlogging and puddling, adding
to inconvenience to people on the sidewalks and
road edges.

* Missing street infrastructure, signs and
road marking: There is a lack of resting places
like seats, benches etc. These not only provide
comfort but make the road attractive. This a
prime commercial street. Adding street furniture
will add to the attractiveness of already existing
formal and informal commercial stretches.
Signages and marking play a critical role to
inform road users.
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Figure 21: Poor design and unsafe pedestrain crossing

Figure 22: High medians - unsafe and accident prone.

Figure 23: Street light located in the middle of the corridor.



¢ Need for Safe Intersection design: The
current intersections comprise of signalised
crossings and roundabouts. However, there are
basic flaws in the current geometry. They do
not make the traffic slow down and are not able
to assist in safe crossings of vulnerable user
groups.

¢ Missing traffic signals: The junctions are also
unsafe since traffic signals are absent or are not
in a working condition.

¢ Signages: There is lack of road signs for each
road user. Also, lack of standardization of signs
and non-compliance to signs recommended by
Indian Road Congress was observed.

e Marking: Only some pedestrian crossings
were painted. There are other types of markings
that complement signages and inform road
users of the road environment. This was absent.

Figure 26: Poor intersection design. .

Figure 24: Bus Stop near an open garbage bin.

Figure 25: Lack of coherent path for pedestrians.

Figure 27: School children cycle in unsafe conditions.
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Figure 27: Safe Streets for Agra : Vision

To reduce 20% deaths every year in all road users

Agra being one of the most unsafe cities in India. The
city government needs to take up immedate action to
bring down the fatalities in all user groups especially
VRUs. Therefore, the first step is to outline a vision
that promotes safety and mobility to the road users.
The vision shall not only directly affect the number of
fatalities but also improve the quality of life of the city.

The main aimis to bring down the road fatalities of the
city considerably. Therefore, aiming at a20% reduction
of deaths annually in all road users will bring down
deaths between 50% - 70% in an incremental manner
over next 5 years..

A roll out plan needs to be prepared for the next five
years targeting road safety and safe streets. This shall
not only include infrastructure amendments but legal
& enforcement as well. Important indications for
previous study are:

* Enforcing use of helmets.

e Presence of functional street lighting

e Introduction of traffic calming and speed control.

It is important that all tiers of the urban local body
coordinate and combine an integrated structure to
achieve the vision.

112
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Table 3: Difference bewteen traditional approach and vision zero
Source: http://www.visionzeroinitiative.com

Vision Zero, Sweden
Any loss of life in traffic is unacceptable

Traditional thinking Vision Zero

Focus on fatalities and
serious injuries

Focus on accidents

Perfect human behavior Integrate the failing hu-

man in design

Individual responsibility Shared responsibility
between system and

design

Industry must be forced Industry can be stimulated

Saving lives is expensive Saving lives is cheap

2006 : National Urban Transport
Policy, India

... to recognize that people occupy
center-stage in our cities and all
plans would be for their common
benefit and well being.



Safe Streets for Agra

There are various policies and visions that showcase
major shift in the approach to road safety thinking.

e The National Urban Transport Policy (NUTP, 2006)
envisions a focus on movement of people and goods
rather than vehicles as the paradigm of transport
planning leading to equitable allocation of road space
with priority to public transport and non-motorized
transport.

e Vision Zero Initiative, Sweden (1994)

The Vision Zero is the Swedish approach to road safety
thinking. It is based on the simple fact that we are
human and make mistakes. The road system needs
to keep us moving. But it must also be designed to
protect us at every turn. It aims reduce fatalities and
serious injuries to zero by 2020.

Transport systems are traditionally designed for
maximum capacity and mobility, not safety. This
means road users are held responsible for their own
safety. The Vision Zero Initiative takes the opposite
approach. The main burden for safety is on system
design and recognise human weaknesses and low
tolerance to mechanical force. No one should die or
suffer serious injury in traffic. *

* Sustainable Safety Vision (1990s)

Sustainable Safety vision aims to prevent (serious)
crashes from occurring and if this cannot be done,

to prevent severe injury. Sustainable Safety is a pro-
active approach.?

¢ NYC Vision Zero (2014)

New York’s families deserve and expect safe streets.
The City of New York must no longer regard traffic
crashes as mere “accidents,” but rather as preventable
incidentsthat canbe systematicallyaddressed. Nolevel
of fatality on city streets is inevitable or acceptable.
This Vision Zero Action Plan is the City’s foundation
for ending traffic deaths and injuries on our streets.
(http://[www.nyc.gov/html/visionzero/pages/home/
home.shtml)

1 visionzeroinitiative
2 www.swov.nl

-

—au

Figure 28: Vision examples from various countries

SWEDEN

Source: http://www.visionzeroinitiative.com/en/Concept/

1997 :“No one shall

be Killed or seriously
injured within the road
traffic system.”

THE NETHERLANDS
Source: SWOV Fact Sheet (www.swov.nl), July 2013

Sustainable Safety Vision

...the infrastructure
must be adapted to
the capabilities and
limitations of humans...

NEW YORK, USA

Source: http://www.nyc.gov/html/visionzero/

2014 : “... death and
injury on city streets

is not acceptable and
that we will no longer
regard serious crashes as
inevitable.”
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3.1
Principles

1 Sustainable Safe Traffic
System

Congestion continues to get worse as more and more
people give up walking, cycling, and using public
transport, which are better for the environment. Awell
functioning road infrastructure must meet the needs
of all road users. ' The sustainable safe traffic system
is based on the five principles on which the vision is
based: functionality, homogeneity, predictability,
forgivingness, and state awareness.

It focuses on three main points:

¢ a road environment with an infrastructure
adapted to the limitations of the road user: Designing
a forgiving road environment is key. The guideline
focuses predominantly on this factor.

« vehicles equipped with technology to simplify the
driving task and provided with feattures that protect
vulnerable and other road users

¢ road users that are well informed and adequately
educated.

2 Social Usability

Streets are not only important for mobility but are
vital public spaces of the city. As mentioned earlier,
streets are tools for social cohesion. Streets are used
by people to meet each other, do outdoor activities
and access other public spaces of the city. This is an
important component which separates a street from
a road. This is where the ‘ human factor ‘ influences.
Detailing such as continuity, traffic calming, street
furniture, lighting, shade, etc make the street more
attractive and encourage usage.

1 Tiwari, G. 2002, “Returning Streets to the
People”, British Medical Journal, 324:1164
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Figure 29: Sustainable Safety

human
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vehicle === infrastructure

Figure 30: Social Usability of Streets.

Urban Village, Delhi Popular Street, Seoul

Figure 31: Cheonggyecheon Greenway, Seoul
Source:



3 Universal Accessibility

The integration of the concept of universal design
has been completely missing from our streets. Street
design has to answer inclusivity and accessibility
for ALL. Pedestrians, therefore includes everybody
i.e. differently-abled people, hawkers and street
vendors, people carrying luggage, pregnant women,
children, people travelling with infants either in hand
or in stroller, etc. Invariably, the physical profile of a
pedestrian covers all age groups and gender.

4 Captive Users

Indian cities, with their high population densities,
mixed land use and short trips have an environment
which naturally encourages walking. Added to that,
high rates of poverty make the ownership of any type
of vehicle, often even a bicycle, unaffordable. Evenif a
vehicle is owned by a household of 4-5 persons, it may
typically only be used by one person and the others may
resort to other, less expensive means of transport like
walking or IPT or Public transport, depending on their
trip length. Very few people, who walk in the Indian
cities, do so out of choice. Streets must be returned to
pedestrians, not only because pedestrians make up the

Figure 32: Improper ramps bring dicomfort to differently abled.

Figure 33: Captive users

Figure 23: Different design components of the Road for different road users

-5

OO

Source : Code of Practice -I(Institute of Urban Transport, 2013)
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majority of road users, but also because the efficiency
of the overall system, including the performance of
motorised vehicles, depends on meeting the demand
of “captive pedestrians.”

Travel patterns of people living in informal housing
or slums are very different from residents in formal
housing. Generally, bicycles and walking account for
50-75% of the commuting trips for those in the infor-
mal sector. The formal sector is dependent on buses,
cars and two wheelers. This implies that despite high
risks and a hostile infrastructure, low cost modes ex-
ist because users of these modes do not have any
other choice. They are captive users of these modes. >

5 Equitable Allocation
of Road Space

Urban roads in India have a heterogeneous mix of
traffic. These include the pedestrians, slow moving
vehicles like bicycles, rickshaws both for passenger
and freight movement and fast motorized vehicles
like motorcycles, scooters, three wheelers, cars and
public transport vehicles. The space occupied by each
of these vehicles, accelerations and deceleration
characteristics and possible maximum speeds by each
useris variable. Therefore space allocation to different
vehicles has to be carefully ensured according to their
design speed to achieve a smooth and safe flow of
traffic.

6 Modal Hierarchy

Pedestrians, non motorized users and the public
transport users in urban areas form the basis of
sustainable transport systems. Therefore designing a
road space for these three user groups in priority is of
utmost importance.

2 Geetam Tiwari 2007, “Urban Transportation Planning” Semi-

nar, No.579, 45-49
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Figure 34: Modal Priority for Safe and Sustainable Roads

Priority
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3.2
Design Process

1 NETWORK PLAN

e |dentify the road hierarchy including arterials, distributor and access roads.

2 SELECT CORRDIORS & AUDIT THE EXISTING CONDITION

* Select segments/ corridors on basis of priority, safety, bottlenecks, etc.
¢ Audit the present condition using relevant checklist using Urban Road Safety Audit Toolkit. (MoUD,
2012)

3 CONDUCT SURVEYS TO UNDERSTAND THE SCOPE OF
INTERVENTION

e Surveys required : total station survey, activity survey, accident data, parking survey.
* Analyze the data and outline the scope of intervention on the basis of Right of Way (ROW) and design
speed of the road type.

4 ADDRESS PRINCIPLES THROUGH DESIGN INTERVENTIONS

 Design ROW components by cross-section and intersection design by prioritizing modal hierarchy
e Integrate features that render the street as safe and a social space.
e Integrate green buffers and Tree lines at appropriate places for shade and attractiveness.

5 MEASURE EFFECTIVENESS OF PROPOSALTHROUGH AUDIT

* Audit the proposed design again using same checklist (selected earlier) using Urban Road Safety Audit
Toolkit. (MoUD, 2012)

6 IMPLEMENT ON SITE

* Preparation of development planincluding bid process, construction, operation as well as maintenance
¢ Safety of road users need to be taken into consideration at the time of road construction and
maintenance work. Compliance with Work Zone Safety Guidelines including preparation of Traffic
Management Plan’s.

7 ENGAGE COMMUNITY GROUPS / CIVIL SOCIETY GROUPS

e Participate withthe community at various stages. This includes audits, design proposals and knowledge
dissemination.

 This also ensures faster outreach of the vision and instills a sense of ownership of community to
environmental safety.
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3.3

Implementing Safe Streets

Moving in the city has become a nightmare especially
for people who walk, cycle and take public transport
for work. As mentioned in the revised bicycle master
plan of Delhi, (Tiwari & Jain, 2008), a well functioning
bicycle infrastructure is the key to a longer lasting safe
road-traffic system.

Anetworkplanshouldbe prepared and well-integrated
along with the master plan document of the city which
includes recommendations on the network of arterial
roads i.e. links for which segregated cycle tracks and
pedestrian footpaths are needed, distributor roads -
the links for which traffic calming is needed and access
roads, where minimum interventions are required.
For major impact across the road network, it is
important to understand the following:

i. Arterial roads — These are the most critical.
With large ROW and high speed, most fatalities take
place on these roads.

ii. Collector roads — With design speed 30km/hr
and minimum interventions, risk can be reduced

iii. Access roads (by lanes) - least critical for
intervention.

Since arterial roads are most critical, a huge impact
can change the safety conditions on our roads as well
as provide a robust network for walking and cycle for
both captive and potential users.The implementation
of the safe streets can be done in a phased manner
and can be implemented in a time span of 5 years in
total. The proposedphases are as follows:

Phase I: Radials, MG Road and all major highways
within the city. These are major roads above the width
of 30 m ROW which carry fast traffic.

2. Identify the remaining arterials (above 24m ROW)
and demarcate cycle lanes to reserve space for cyclists

3. Initiate implementation of design on all remaining
arterials. Collector Network - Demarcate cycle lanes
and introduce traffic calming measures along the
entire distributor network.
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PHASE I: AUDITING AND IMPROVING PRIME
ARTERIAL NETWORK - RADIAL, HIGHWAYS and

MG ROAD

PHASE 11 - IDENTIFY THE REMAINING
ARTERIALS AND DEMARCATE CYCLE LANES
ON ALL OTHER ARTERIALS TO RESERVE
SPACE FOR CYCLISTS

PHASE Ill - COLLECTOR NETWORK.
INTRODUCE TRAFFIC CALMING ALONG
ENTIRE COLLECTOR NETWORK.
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4.0
Road Network

Urban transport in Indian cities reflects the
heterogeneity in the socio-economic and land use
patterns. It is dominated by walk trips, non motorised
modes such as bicycles and rickshaws, and motorised
para transit and public transport depending on the
size of the city. A well functioning road infrastructure
must fulfill the requirements of all road users. If the
infrastructure design does not meet the requirements
of these elements all modes of transport operate in
sub-optimal conditions.

The road network is used by at least seven categories
of motorized and non-motorised vehicles. Vehicles
ranging in width from 0.60 m to 2.6 m, and capable of
maximum speeds ranging from 15 km/h to 100 km/h,
share the same road space. All these vehicles which
have varied dynamics and static characteristics share
the same carriageway. Thus traffic is characterised by
a lack of effective channelisation, mode segregation
or control of speeds. To a formally trained planner,
it looks like chaos moving towards total gridlock. Yet
the people and goods keep getting through and may,
by some measures, actually be faring better than in
some controlled conditions.” To allocate widths, it is
important to understand the space required by each
vehicle type. Planning and Design Guideline for Cycle
Infrastructure provides the dimensions of all non
motorised vehicles seen on the streets.

Presence of Urban Freight : Freight and goods delivery
is an important part of Agra’s streets. There are both
motorised transport and goods cycle rickshaw present
that are used to transport the goods within the city.

1 (Tiwari, G. 2000, “Encroachers or Service Providers?”, Seminar,
401,26-31).
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Figure 35: Road Users in Agra
Source :
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Road Typology

The infrastructure requirements for each depends upon
the road type and road design speed. As mentioned in
Code of Practice : Design of Urban Roads (Institute of
Urban Transport and Ministry of Urban Development),
the classification of urban road type is as follows:

A. Arterial Roads : They are the primary roads for
ensuring mobility function. They carry the largest
volumes of traffic and longest trips in a city. These
roads have the maximum right of way amongst the four
categories and cater to a speed limit of 50 km/h and a
ROW of 50-80 m.

B. Sub Arterial Roads: This is context specific and is
based on the function and the land use development
it passes through and caters to a speed limit of 50 km/
h(same as arterial roads ) .The ROW of this category of
roads varies from 30-50 m.

C. Distributor/Collector Roads: As the name suggests,

120

these are connector roads which distribute the traffic
from access streets to arterial and sub arterial roads.
They are characterized by mobility and access equally.
They are characterized by a design speed of 30km/h
and have a ROW midway of access streets and two
types of arterials i.e. 12-30m.

D. Access Streets : They cater to a design speed of 15-
30km /h and have a road right of way of 15m-30m. They
carry relatively lower volumes of traffic at low speeds.
They are characterized by access predominantly; they
can be used for collector functions.

Based on the road type an appropriate design speed
is adapted. The design speed governs the geometric
design of the right of way and the cross section
elements of the road.

Road Typology Right of Way-ROW (m) Design speed

(km/hr)
Arterial Roads 50-80 50
Sub Arterial Roads 30-50 50
Collector Roads 12-30 30
Access Streets 6-15 15

Figure 36: Hospital Road, Agra (Access Street)
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Prerequisites : Planning

Coherence and directness (Connectivity)

¢ To make the total city pedestrian and cycle friendly,
the entire network needs to be cohesive. The lower
the travel time, the higher the directness. At network
level, a cohesive network would involve minimal
detours for cyclists and pedestrains accessing it.

* Higher directness can be achieved not just within the
NMT network but also on public transport corridors
by using walking, cycles and rickshaws as feeders
and providing parking and transfer infrastructure at
stations to minimize delays. Hence, there should be
a complete NMT network connecting all destinations
integrated with public transport lines and road
networks.

Attractiveness and Comfort

¢ Plan some activities and break the monotony of the
route and introduce visually and spatially attractive
elements more apt to the scale of NMT users instead
of stark, monotonous, long, barren walls.

e Eliminating traffic bottlenecks, steep gradients,
nuisance caused by traffic noise and emissions, bad
riding quality, presence of obstructions resulting in
frequent braking or slowing down, etc.

Safety and Security

Pedestrians and cyclists are very vulnerable in the
case of crashes. In common practice of increasing
non motorised safety is to segregate them from
motorized vehicles in time and space. For captive
users, segregation by time is not a viable option as
the journey between work and home is undertaken
at almost the same time as other (motorized) modes
(especially for shorter trips). Here, the most effective
option would be to segregate users into separate
tracks or paths along the road network, (especially
if the speed limit for MV is over 30 Km/hr). On other
streets there is a need to reduce their speed difference
by traffic calming without affecting directness or
coherence.

=N

Prerequisites : Design

Coherence

¢ Segments in the network should look similar to
improve the legibility and usability of the bicycle
infrastructure and there is provision of good
connectivity between all origins and destinations.

¢ Constant width ensured through design with
adequate widening at turns and rendering the same
texture for typical scenarios across the network.

e Elimination of any missing links as well as
standardization of intersections i.e. the shape, size
and form of each category of junction solution.

Directness

Directness of bicycle infrastructure has to do with the
amount of time and effort required by a pedestrian
and a cyclist to undertake a journey. Therefore, major
detours from their natural path should be avoided. As
mentioned in the ‘Design manual for bicycle traffic’
(CROW, June 2007), directness has two components:
in terms of distance and time.

Attractiveness

¢ To ensure attractiveness, care should be taken that
the path of the cyclist should be clean and devoid of
any dumped material that blocks movement.

¢ Location of spaces for hawkers and vendors, well
integrated bus shelters, green areas, resting spaces,
etc. and shaded NMT infrastructure are factors that
are definitely attractive.

Safety and Security

 Prevention of collisions and reducing the conflicts
and their impact will result in a safer travel.

e Provision of adequate and uniform lighting ensures
enhanced usability as well as safer streets. Integration
of spaces for hawkers and vendors, support facilities
provides security and the necessary eyes on street.
e Safer Intersections can be provided by minimizing
conflicts (and sub-conflicts), introducing traffic

Comfort

¢ Walking and riding comfort ensures usage. It is
important that proper drainage should be provided
with regular maintenance.
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4.1

Cross Section Design

Data Collection

Geometric Survey - A total station based geometric
survey of the entire ROW along the length of the
road is a basic requirement to undertake safe street
design. A total station survey will give complete
topographical data of existing underground and
overhead features like services and utilities, the
existing landscape, buildings and structures.

Activity Survey - An activity survey allows an
understanding of the user requirements and
behaviour, which cannot be reflected by a geometric
survey. It records dynamic, formal and informal
activities at the site, such as parking, hawking,
service activities, etc.

Traffic, Parking and Accident Surveys- Traffic
surveys provide an assessment of current vehicular
(motorized and non-motorized) as well pedestrian
traffic demand on the corridor. Parking surveys
record the current usage of land at different times
of the day by parking— both formal and informal.

¢ Also at intersections, traffic nuisances should be
minimum.

¢ Segregation for VRUs terminating up to the stop
line at high speed roads or high volume distributor will
ensure cyclists that their Right Of Way (ROW) is not
obstructed by vehicular traffic.

e Itis necessary to accommodate utility services along
and across the roads. The laying design of utilities has
to be done to ease maintenance and operations but
keeping in mind that it will affect the traffic flow and
conflict with other services to the minimum.

Cross Section Design

The street selected for planning is divided into various
segments based on its function, form and use from
the surveys mentioned earlier. The minimum and
most available ROW conditions are selected for each
stretch from the total station survey drawing, for the
development of the cross section designs. The main
elements of a cross section design are given in Table 4.
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Figure 37: Typical survey drawing with activity survey, MG Road
7

The type and character of each urban road needs to
be carefully detailed to respond to the functions it
performs, i.e. providing mobility or access or both.
Safety of road users is a major concern now because
the number of traffic accidents and fatalities on urban
roads has continued to increase in the past few years.
Therefore application of appropriate geometric
design standards on urban roads is essential to ensure
the safety to all road users. A design of the entire road
cross-section holds considerable importance, as
e It governs the design speed of vehicles
¢ Reflects prioritization in space allocation
e Introduces concepts of universal design and

traffic calming.

Following are examples of MG Road, NH2 and Hospital
road redesigned according to Table 4.
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Figure 38 : Cross Section Design according to road type
Source : Planning and Design for Cycle Infrastructure, TRIPP, 2014
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Table 4 : Cross Section Design according to road type
Source : Planning and Design for Cycle Infrastructure, TRIPP, 2014

Arterial Roads

Sub Arterial Roads

Collector Roads

Access Roads

Criteria 50 km/h 50 km/h <=30km/hr <=15 km/hr
ROW 50m —80m 30m - 50m 12m-30m 6m —15m
Gradient 2% 2%

Number of lanes

Maximum 6 to 8 lanes divided
(using a raised median);

Maximum 4 to 6 lanes divided
(using a raised median);

Maximum 4 lanes of 3.0m width
each (excluding marking) or 2
lanes of 2.75m to 3.1m width
each (excluding marking) with or
without an intermittent median

1to 2 lanes, (undivided); of
2.75 to 3.0m width each

Maximum Width for car lane

3.0 to 3.3m width each (excluding
lane marking)

3.0 to 3.3m width each(excluding
lane marking)

3.1m width each

2.75 to 3.0m width each

Maximum Width for bus lane / Mixed
lane

3.3m -3.5m

(segregated ) excluding lane marking 3.3m - 3.5m (segregated ) exclud- Mixed traffic
ing lane marking or painted lane
Mixed
Levels 0.0m 0.0m 0.0m 0.0m

both directions.

Note - In special cases, there are conditions on arterial and sub arterial streets
and pedestrian infrastructure is important without creating a bottle neck in the arterial/sub arterial flow. A segregated cycle track and footpath can be easily achieved with 2 lanes in

where the ROW gets constricted to a

minimum of 24m. In such conditions, the continuity of the NMT

Segregated Cycle Track

Segregated Cycle Track

Cycle Lane

Mixed \traffic

Location Between Carriageway or street Between Carriageway or street On the edge of the carriageway,
parking and footpath on either parking and footpath on either adjacent to the footpath or
edge of the carriageway edge of the carriageway parking.
Gradient 1:12 - 1:20 (min) 1:12 — 1:20 (min) 1:12 - 1:20 (min) 1:12 - 1:20 (min)
Desirable
Lane width 2.5t05.0m 2.5t05.0m 1.5 to 2.5m Mixed with motorized
vehicular traffic
Level +50mm to +100mm +50mm to +100mm 0.0m 0.0m

Minimum Width

2.2 for a two lane cycle track and
3m to 4m for a common cycle track
and footpath (not more than a
length of 40m.

2.2 for a two lane cycle track and
3m to 4m for a common cycle
track and footpath (not more
than a length of 40m).

1.2m painted cycle lane.

Mixed condition

Gradient 1:20 1:20 1:20 1:20
Level +150mm +150mm +150mm 0.0m
Lane width 2.5m (including curbs) to 5.5m
each side. However where second-
ary footpaths are available along
service lane, the minimum width
of secondary paths can be 1.5m
minimum(including curbs)
*Based on site observation, if re- 2.5m (including curbs) to 5m each 2.5m (including curbs) each side. 0-2.5m (including curbs) each
quired, the secondary/side footpaths side. side.
could equal or larger than the
primary path
Minimum Width 1.8m 1.8m 1.8m 1.8m

* To be applied on both directions of ROW for streets which have uni-direction vehicular traffic

Width 0.75m (min) desirable = 1.5m
Location Primarily between carriageway and cycle track. Secondary between cy- preferably located between cycle | preferably located between
cle track and pedestrian path. In addition tree planters may be provided | lane and pedestrian path carriageway and pedestrian
between parking bays on the service lane. path
Width Parking width can vary from 1.8 to 2.5m width (parallel Non defined, mixed function
2.5m (parallel parking) to 5.0m parking) with motorized vehicular traffic
(perpendicular parking) along with
adequate width of access road.
Location Service lane only Service lane only Along carriageway between preferably be located
cycle lane and footpath between carriageway and
pedestrian path
Levels 0.0m 0.0m 0.0m 0.0m

124




They are the primary roads for ensuring mobility func-
tion. They carry the largest volumes of traffic and
longest trips in a city. These roads are characterized
by mobility and cater to through traffic with restricted
access from carriageway to the side. In such cases,
special provisions should be introduced to reduce
conflict with the through traffic. These roads have the
maximum right of way amongst the four categories
and cater to a speed limit of 50 km/h and a ROW of
50-80 m.

Figure 39: National Highway 2 - Existing Cross section AA
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Figure 40 : National Highway 2 - Existing Cross section BB (at foot of
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Figure 41 : National Highway 2 - Existing Cross section CC
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Figure 42: National Highway 2- Proposed Cross Section AA
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Figure 43: National Highway 2- Proposed Cross Section BB
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Figure 44: National Highway 2- Proposed Cross Section CC
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This category of road follows all the functions of an
Arterial Urban road and are characterized by mobility,
and cater to through traffic with restricted access from
carriageway to the side. It carries same traffic volumes
as the arterial roads. Due to its overlapping nature,
Sub arterial roads can act as arterials. This is context
specific and is based on the function and the land use
development it passes through and caters to a speed
limit of 50 km/h(same as arterial roads ) .The ROW of
this category of roads varies from 30-50 m.

Figure 46: Arterial Road (existing)
Source : SGArchitects, New Delhi

Figure 45: Existing Cross section - MG Road

Figure 47: Arterial Road (Proposed)
Source : SGArchitects, New Delhi



Figure 48: Proposed Typical Cross Section - Mahatma Gandhi Road

Figure 49: Sub-Arterial Road (existing) Figure 50: Sub-Arterial Road (Proposed)
Source : SGArchitects, New Delhi Source : SGArchitects, New Delhi



As the name suggests, these are connector roads
which distribute the traffic from access streets to
arterial and sub arterial roads. They are characterized
by mobility and access equally. They are characterized
by a design speed of 30km/h and have a ROW midway
of access streets and two types of arterials i.e. 12-
3om. It carries moderate traffic volumes compared
to the arterial roads. Due to its overlapping nature,
distributor roads can act as an sub arterial and as
access streets, depending upon the function and the
land use of the surroundings.

Figure 51: Collector Road - Existing Cross section

SHOP FOOTPATH M.V. LANE FOOTPATH

LVL +0.15M LVL +0.00M LVL+0.15M

Figure 53: Collector Road (existing)
Source : SGArchitects, New Delhi

FOOTPATH
LVL +0.15M

Figure 52: Collector Road : Proposed Cross Section

CARRIAGEWAY FOOTPATH

LVL +0.00M WL+ 015M

Figure 54: Collector Road (Proposed)
Source : SGArchitects, New Delhi



These are used for access functions to adjoining
properties and areas. A majority of trips in urban
areas usually originate or terminate on these streets.
They cater to a design speed of 15-30km /h and have
a road right of way of 15m-30m. They carry relatively
lower volumes of traffic at low speeds. They are
characterized by access predominantly; they can be
used for collector functions.

Figure 55: Hospital Road - Existing Cross section

SHOP FOOTPATH M.V. LANE FOOTPATH

LVL +0.15M LVL +0.00M LVL +0.15M

Figure 57: Access Road (existing)
Source : SGArchitects, New Delhi
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Figure 56: Hospital Road : Proposed Cross Section
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LVL +0.00M LVL +0.15M

Figure 58: Access Road (Proposed)
Source : SGArchitects, New Delhi
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4.2

Intersection Design

Intersection functions to control conflicting and
merging traffic and to achieve this, intersections are
designed on certain geometric parameters and are
broadly classified into three main heads. Designers
are often faced with tough choices of prioritizing the
conflicting requirements of one mode over another.
Here the key is to apply the most appropriate solution
based on the type of junction as well site conditions/
constraints.

The three main types of junction solutions are:
1. Un signalized intersection,

2. Signalized Junctions

3. Roundabouts

Different combinations of the intersection type is
determined primarily by the number of intersecting
legs, the topography, the character of the intersecting
roads, the traffic volumes, patterns, and speeds, and
the desired type of operation.

Types of intersection depending on the geometric
forms are as follows

3- Leg Junction, 4- Leg Junction, Multi-Leg Junction
Grade Separated Facilities: There are various solutions
possible between junctions of different road types.
Grade separation of intersecting motorized vehicle
carriageway (flyovers, etc) is a high cost intersection
design solution, which may be suitable for use on
highways or expressways. Such solutions are not

Figure 59: Best Practise - Raised Crossing (Unsignalised)

W

desirable within the built up areas or urban limits due
to their adverse impact on accidents, pollution, etc.
However, grade separation of cycle and pedestrian
traffic across high-speed and high volume motorized
vehicle carriageway may often be advisable to ensure
safety of cyclists and pedestrians.

Wide roads and grade-separated junctions divide the
urban landscape into separate zones. It becomes very
difficult for people to cross these arteries on foot or
using other non-motorised modes. This has the effect
of discouraging public transport use, as all commuters
using buses have to cross the road at least two times
for every round trip at the origin or the destination.
The area occupied by grade separated intersections
is much greater than ordinary intersections. The lo-
cation of bus stops at grade separated intersections
is often changed from the present location which is
close to the intersection to the foot of the flyover. (Ti-
wari, G. 2001, “ Traffic Segregation: A Case for Bus Pri-
ority Lanes with Segregated Cycle Tracks - Case Study
Delhi”, Workshop on Transportation, Landuse, and
The Environment, Pune, December 3-4.)

There are various aspects of intersections including
signaling and detailing.

More Info:

1. Code Book - 2 : Intersections

2.Planningand Design GuidelineforCycleInfrastructure

Figure 60: Signalised Intersections - Unsafe and improper design



Pros

Cons

Roundabout

Roundabout

Reduces the number of conflicts to eight as
against 32 in un-signalized intersections.
Ensures safety through speed reduction by
design. This is particularly useful at late night

Figure 61: Signalised Intersections - Unsafe and improper design
Source : Design of Urban Roads: Intersection

Signalised Intersection

Table 5: Comparison between Roundabout and Signalised Junction
Source : Code of Practice Il, IUT, 2013

Intersection
Pros

J Signalized intersections can handle high
traffic volumes. This can be achieved by
accommodating wider carriageway with more number

hours when speeds are high and compliance of

signals and traffic rules is low.
Minimal or no delays for all road users
including cyclists.

Roundabouts are not very effective for
more than two circulatory lanes. They have
capacity limitations and may not be able to
handle a very high volume of traffic.

of lanes.

Cons

o Four times the number of conflicts than the
roundabout.

. Safety is ensured by eliminating conflicts
through signalization — high dependence on
enforcement.

. Higher delays for all road users including
cyclists.



The distance between two junctions should be 500m -
700m each, to offer commuters a comfortable walking
distance. In case the distance is more, a signalized
crossing needs to be added at a mid block to facilitate
safe at grade crossing.

Figure 66 showcases proposed crossings and junction
typology for MG Road, Agra. Only, if it is not possible
to introduce a new crossing due to high speed traffic
on a highway/expressway grade separated crossing
facilities should be provided which comply with
universal accessible principles.

In order of preference, half subways preceed
footoverbridges in a grade separated facility.
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Figure 62: At Grade Crossing , Delhi
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More Info:
1. Bus Rapid Transit Design Guideline, 2014

3. Foot over Bridges

Figure 65: Existing Foot Over Bridge at MG Road, Agra
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4.3

Street Infrastructure

Safe Streets

People use streets as social spaces. All components of
road design and various road users interact in a such
a manner that it creates an urban system. This urban
system fosters public spaces.

For eg. at a bus shelter, one may find hawkers,
autos, rickhsaws, some area where cars drop/ pick
commuters. Similary at the corner of an intersection,
there are places where toilet blocks for better visibility
and also advertisements are placed for revenue
generation. Infront of colleges, universities, offices,
one may find hawkers and para transit modes that
are service providers to students and people coming/
going to offices. People meet on streets and look for
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Figure 67: Streets as public spaces in Agra

places to sit. In scorching summer monthes, it is a tree
line that makes commute a bit easy.

In order to generate public activity on roads, it is vital
to integrate such conditions at the same location as
today.

Some key components to be integrated are:

e Bus Shelters - When curb side shelters are installed
ontheroad,itneedstobe connectedto the pedestrian
path.

e Hawker Spaces — Presence of hawkers and street
vendors provides security and services to road
commuters. Allocation of a dedicated space shall also
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make the street more lively and interesting.

e Para Transit — TSR and Cycle rickshaw are feeder
services and need to be integrated in the cross section
as well as intersections at critical locations to enhance
seamless multi-modal accessibility.

Apart from the above, toilets, other public amenities,
resting areas and seating are also important. They
provide comfort and rest areas for both pedestrians
and cyclists. They can help in identifying an area
of different function. The use of street furniture
definitely assists in improvement of the urban quality
of road infrastructure. In addition to its aesthetic
quality, street furniture plays a role in segregating
spaces and adding facility for different users.

The following should be taken into consideration
while adding street furniture:

¢ Vandal-Proof. All street furniture should be vandal-
proof.

e Easy to install.

¢ Requires little or no maintenance.

e Attractive design.

e Economical design.

e Ease in production.

Use of dustbins and location of amenities such as
public toilets, kiosks, information booths are other
types of street furniture that make the infrastructure
more attractive.

An attractive tree line and shade makes the entire
street attractive. Use of hedges and green belts is
recommended.

More Info:

1. Bus Rapid Transit Design Guideline, 2014

2. Planning and Design Guideline for Cycle
Infrastructure, 2014

Hawker Spaces

Bicycles, pedestrians and bus traffic attracts
street vendors. Often the side roads and
pedestrian paths are occupied by people selling
food, drinks and other articles, which are
demanded by these road users. Vendors often
locate themselves at places, which are natural
markets for them. A careful analysis of location
of vendors, number of vendors at each location
and type of services provided them shows the
need of that environment, since they work
under completely “free market” principles. If
the services provided them were not required
at those locations, then they would have no
incentive to continue staying there.

However, road authorities and city authorities
view their existence illegal. Highway design
manuals recommends frequency and design
of service area for motorized vehicles. Street
vendors and hawkers serve the same function
for pedestrians, bicyclists and bus users. As long
as our urban roads are used by these modes,
street vendors will remain inevitable and
necessary. All modes of transport move in sub-
optimal conditions in the absence of facilities for
pedestrians and non-motorized vehicles. ncase
no provision is facilitated and no integration by
design is undertaken, there is bound to be an
encroachment on to the infrastructure provided
for other users.

Figure 68: Integarted Hawker space, Delhi
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Figure 69: Existing scenario at Bus Shelters

Location of Bus Shelter

Bus Shelters need to be located every 500-700m. Also
the junctions are rationalized on the same principle.
However, in the current scenario bus shelters have been
located at a greater distance or away from the junctions.
This increased the access length of a commuter to the
bus shelter or to his/her destination. Also, it can be seen
from the activity survey that in the vicinity of the bus
shelter, hawkers, cycle rickshaws, e-rickshaws etc are

present.

The bus shelters have been proposed to be located
between 20m - 40m at the near-side of the junctions/
which are also proposed as roundabouts. There are two
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Figure 70: Proposed scenario at Bus Shelters and integration with junctions
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|ntegration of Feeder Service Figure 71: Existing scenario of feeder services and vendors
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Figure 72: Proposed scenario of feeder services and vendors
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4.4
Services, Signage & Marking

Drainage ¢ Improper design of gully gratings,
water collection on streets creates incovenience
for all road users especially the pedestrians and the
cyclists. It should be taken care that no services that
require regular maintenance should be laid below
the cycle track. The green verges should have the
provision of gratings that take surface water from
the carriageway as well as the cycle track (slope 2%).
Water travels through a pipe to the storm water drain.
For distributor and access streets placing a collection
grating along the edge of the footpath can be placed.
A bell mouth arrangement to collect water is not
recommended. The grating should be flush with the
floor of the carriageway and the cover should not
hamper the movement of cyclists. The cover of the
grating should be perpendicular to the direction of
the travel of bicyclists so that the tyre does strike it.

OtherUtilitieS:Therearevariousutilitiesrunning
longitudinal and across the ROW of any category
road. These include storm drains, underground and
overhead electrical lines, gas pipelines, optical fibre
cables and others. Usually it is seen that an annual
maintenance is required which involves roadwork
and therefore disruption of movement of traffic for
a temporary period. In such a case, the location and
depth of laying these utilities is of utmost importance.
The important point is to rationalize all available
existing and proposed services in order of their
maintenance works and see that they do not come in
the way of the efficiency and functioning of streets.

Lighting: street lighting makes the available
space legible for each road user. The illumination
of a street is governed by the posted design speed.
Lighting also adds to the comfort and is required for
visibility of a roadway and it adds to the safety of all
features of a road design. In fact, lighting is the basic
street furniture required in the functioning of the safe
streets.

Location of Poles is decided depending upon the
category of the road. It could be the central verge
or at the sides where a segregated cycle facility is
available. Two luminaries can be mounted on a pole

43
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Figure 73: Utlity Belt along the carriageway, BRT Delhi
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located between the carriageway and the cycle track
at different height to light the required area with the
required lux levels. This would also reduce the number
of poles required and the vertical clutter on any given
road.

Color of Light: Street lighting should produce enough
intensity required for face recognition and objects from
a particular sight distance. Especially for the purpose of
social safety, women and children are a special group
for whom the color of light is of added importance.
White light is a preferred choice. The advantages of
white light are as follows: In a segregated facility, it
easily distinguishes between the fast and slow moving
zones. It creates contrasts for pedestrians with tactile
paving provided for the differently-able and the visually
impaired.

Signage: The importance of a signage is that it
keeps the road user informed of the following:

. Important destinations and routes

. Unexpected conditions

. Traffic laws

. Facilities like Public conveniences and Parking
areas.

. Differently-abled environments, facilitated by

the following elements:

Inclusive Signages: combination of easily recognisable
symbols using contrasting colors, Audible Signals
or Auditory Signals along with a Braille marking
and International symbol of Accessibility (ISA). The
international symbol of access (ISA) also known as
the International Wheelchair Symbol. It is used as an
informatory sign with blue background and image of a
person using a wheelchair overlaid in white.

- Guiding and Warner Tactile Blocks

- Railings wherever necessary

Signage is a comprehensive system of Regulatory,
Informatory and Warning messages corresponding to
the information for all road user groups. Refer IRC 67:
code of practice 3.
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Marking: Road markings are essential to guide
the road users and to ensure a smoother flow of traf-
fic. Markings have to be of standard color and dimen-
sions and should be marked at appropriate places

so as to optimize their visibility and effectiveness.

Road surface marking is any kind of device or mate-
rial that is used on a road surface in order to convey
official information. Road Markings are defined as
lines, patterns, words or other devices, applied to or
attached to the carriageway or kerb or to the objects
within as well as the adjacent to the carriageway, for
controlling, warning, guiding and informing all the
road users.

More Info:

1. Code Book - 1: Cross Section Design
2. Code Book -3 : Road Marking
3. Code Book - 4: Signages

4. Planning and Design
Infrastructure, 2014

5. Bus Rapid Transit Design Guideline, 2014
6. IRC 67

Guideline for Cycle

Figure 74: Road Signs and Marking
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5.0
Audit

Audits can be used in any phase of project
development from planning to construction. The main
aim of an audit is to minimize the risk and severity of
road crashes; to minimize the need for remedial works
after construction; and to reduce the life costs of the
project (Austroads, 2002).

It is intended to minimize the risk of a traffic crash and
ensure that measures to eliminate or reduce identified
urban roadway problems are fully considered. An audit
case may refer to city, station area network, route or
corridor etc.

City

For a city level audit, a sampling methodology needs
to be undertaken. In the “Toolkit for preparing
Low-carbon Comprehensive Mobility Plan (UNEP,
2012), a sampling methodology was undertaken to
evaluate a city. A sample should include about 10% of
the entire road network of the city covering all type
of roads. The sampling methodology needs to be
applied for household surveys and information about
infrastructure inventory.

Corridor/Route

When a corridor or route is desired to be audited,
the audit can be conducted for cycling infrastructure
independent of the context or in relation to the
context. In the Urban Road Safety Audit Toolkit
(MoUD, 2012), the audit selection is based upon road
type and context.

Transit Stops

The Public Transport Accessibility Toolkit ((MoUD),
2012) can be conducted either during the construction
of a new public transport facility or in redesigning an
existing facility. It is necessary to understand different
access modes and plan for each and every one of these
and potential access modes to ensure accessibility
to PT. This helps in identifying the access modes for
which intermodal connectivity need to be provided in
Indian cities. 5 types of modes were thus identified as
pedestrian, cyclists, IPT users, bus users and private
motor vehicle users. The area in which the audit has to
be carried out is dependent on the type of road user.

Figure 75: Audit Results on 5 roads for pedestrian infrastructure
using URSA Toolkit. Survey conducted at TRIPP. in 2014

Maximum Score : 22

Figure 76: Sample Checklist from Public Transport
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TRAFFIC AND SAFE COMMUNITIES

CITY FOR ALL

The genius loci of Indian cities is its
vibrancy and diversity, visible in all
aspects of urbanity, but especially so
within its street life.

The demographic diversity of cities is reflected within
its public spaces. Enabling the urban environ to
accommodate these diverse activities in a safe way,
asks for creating an unique modality of operations.
City design needs to acknowledge the existance of
diverse situations and build capacity to contain them.

It is important to promote activities like walking to the
local grocery store, cycling to work or taking a bus
to a distant part of the city, amongst all income and
age groups. Inorder to do so, these options should
be made viable, through safe and comfortable
infrastrcutural provisions. Though most Indian cities
show high percentage of non-motorised transport
usage - both for modes and capita, the actual quality
(and hence viability) of these spaces is questionable.

This is evident in the high percentage of non-
motorised transport (NMT) users being involved
in accidents in Indian cities - indicating the unsafe
navigation condition. Pedestrians and cyclists are
the most vulnerable group in our cities, due to the
absence of proper footpaths and almost nil existance
of cycle tracks. They have to share road space
directly with cars, buses and trucks, with no buffer
or grade separation provisions. Navigating in Indian
cities, is more of a trade-off between affordability and
forced choices, rather than decision making based
on safety and comfort.

Unsafe crossing situation. Location : Delhi, Source : Author

No space allocation for pedestrains and cyclists. Typical condition of urban roads in Indian cities Location : Agra, Source : Author
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CYCLE BUS WALK CAR MTW AUTO/ PARATRANSIT
(13-21%) (8-14%) (27-38%) (3-7%) (20-28%) (5-12%)

Modal share in medium and large Indian cities.
Note : Each unit represents 1% Source : Tiwari & Jain, 2008

154



TRAFFIC AND SAFE COMMUNITIES

The present structure of our large and medium scale
cities which is progressing more and more towards
a dispersed state, interspersed with poor transport
infrastructure, presents a challenging situation with
respect to minimising travel distance or accessibility
to opportunities of higher education and work. Faced
with neglible or poor connectivity via public transport,
such challenges are overcome with private transport
modes. Such modalities of access, cuts off a large
group of people to these opportunities, who are not
able to afford car ownership and car-pooling charges.

Ironically, a major part of these unacknowledged
strata of citizens bring vibrancy and life to our city
streets, in their quest for earning a livelihood through
hawking, street merchandise and informal trade.
They are also the ones who almost singlehandedly
contributes to sustainable soft mobility modes -
walking and cycling, in their quest to be mobile.

While international examples of bike friendly cities
depict cyclists who may be rich, middle income or
poor, in Indian cities, it is more of a circumstantial
selection, in the face of unaffordable choices
of private transport and negligible provisions of
continuous connectivity through public transport .

Slow and fast modes in the same space gives rise to higher
chance of conflict and crash. Location: Delhi, Source: Authors

People in middle-and-low income countries are forced to walk or use public means of transportation as
a consequence of living in informal sectors with substandard housing, poor basic infrastructure, and few
economic resources to afford private transportation. Many transportation policies [...] neglect the access and
transportation demands of the more economically disadvantaged groups of society, who rely mostly on public
transportation, walking and cycling. ( Andres Villaveces in Mohan, D. 2012 )

Despite a large number of trips being made by cycles, very few roads in India have basic amenities such as cycle tracks.

Location : Delhi, india, Source: Anvita Anand
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INTRODUCTION : CITY FOR ALL

Apart from the streets of the old and historic parts
of most Indian cities, the human-scale of our urban
environments has progressively decreased since
the 1960s. A comparative study of the historic and
the modern streets of Indian cities, brings out the
lack of comfortable and safe navigation, in the latter
context. Being constantly exposed such conditions,
acitivites like walking at the edge of carriageways in
the absence of footpaths have become a normal
and accepted affair.

Girls walking in the middle of the road due to absence of
pavements. Location: Agra, Source: Authors

Enabling the viability and liveability factor in our
cities, means creating a sensitive communication
between the “built - enclosed ; built - open ; semi-
built - open” urban spaces. While the built - enclosed
(i.e. our homes, offices, shops, schools, colleges etc.
) and semi-built - open (i.e. public parks ), are vital
for the realization of our work and life, it's the built -
open spaces ( streets, roads, pavements) which are
pivotal in getting us to our destinations.

Cyclist stuck amidst cars on the road and cars parked on
pavements. Location: Delhi, Source: Authors

Itis also crucial, that the conjunctive spaces - the common edges of land use and streets, which accommodate
our vibrant street life in the form of hawkers along with the most vulnerable groups of street users i.e the
pedestrians and cyclists be included in our planning. The current structure of our street planning focuses solely
on moving vehicles. It ignores the spaces for walking, cycling and affordable public transit infrastructures.
People first rather than vehicles will foster safe and accessible mobility for all users, since the focus starts
from the grass roots level , thereby accommodating all instead of a few.

Make-shift food stalls and hawkers, provide affordable refreshments and resting spots to commuters and are also the first ones to
help out accident or street crime victims. Location : Delhi Source: Anvita Anand
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Broken and dilapidated footpaths discourage usage and
force pedetrains to walk on the carriageway thereby
compromising their safety. Location: Delhi, Source: Author

Navigating a flyover on a cycle is strenous and compromises
on health due to excessive strain caused during pedalling.
Location: Delhi, Source: Authors

Key to this people first approach is recognizing that
walking is the most universal form of transport. All
cyclists, public transit riders and motorists begin
their journey as pedestrians and therefore the transit
and automobile network can only be as good as the
pedestrian network that brings them to other modes
of transit ( Jeff Rissom, in Mohan, D. 2012 )

The daily commute and interaction that connects us
from one destination to another, is a vital part of our
well being. Enabling the built - open configuration
to contain the existing street life in a safe and
equitable manner, is also a step towards creating
vibrant communities. However, a walk through any
street of an Indian city will show, that a majority of
the street users are highly unempowered in terms of
accessibility and safety.

Be it an old man crossing the street by himself, a
cyclist / street hawker confronted with navigating
over a flyover , or a mother and child walking at the
edge of a road ( due to the absence of pavements)
- the evidences in our daily lives are numerous and
startling. Is navigating within the relatively safer
realm of a car , the only option left for our city users?
If so, then can we say that our cities belong to all its
citizens ?

Walking direclty on a carriageway, alongside motorized traffifc,
makes pedestrains, especially aged people, most vulnerable to
crashes. Location: Delhi, Source: Authors
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The street life of our cities is a representation of a
wide range of vocations and livelihoods.

The organic nature of organisation of streettrades and
vocations in our neighbourhoods, around schools,
marketplaces, bus stands etc inspite of attempts at
banishing them through nil space allocation, provokes
us to take a closer look at their transitory occurrence,
and their contributions in supporting the city life.
Supporting them through proper infrastructure like
pedestrain paths, hawker zones, cycle tracks, and
public transit affordable for all, are indeed crucial and
of outmost necessity

The transportation system and the way road spaces are allocated in the cities, is a clear indication of
a societal attitude and mind-set. Transport planning is clearly car-oriented, with cars having priority
on the high speed road stretches, at the intersections which minimize their waiting time, at flyovers
that allow them to avoid the congestions, at market places that give them large parking spaces,and
the list goes on. While the authorities may apologize for badly maintainedroads, they would never
think of apologizing for the broken pedestrian paths,non-existent bicycle lanes and dilapidated bus

Cycle tracks are rendered useless and discourages cyclists
from cycling, due to small obstructions.
Location: Pune, Source: http://www.mid-day.com/

shelters and the inefficient public transport now in place.

( Ravi, R. TRIPP Bulletin 2005)

No buffer space for a bus-stop located on a major arterial road, makes the waiting paasengers exposed to fast moving traffic,
thereby creating high risk, unsafe situations. Location: Outer Ring Road, Delhi. Source: Authors
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SAFE STREETS.

Sustainable transport needs inclusive streets.
Inclusive streets ensure not only safe mobility —
reduced risks of traffic crashes — but also reduced
street crimes and better social cohesion, and makes
public transport, bicycling and walking attractive,
and the preferred choice for commuting. Hence,
safe streets are complete streets. They ensure
door to door mobility for all road users in a safe and
seamless manner. They foster a community spirit
since residents use streets to meet, access public
spaces and socialize.

Safe streets include all user types by allocating
spaces for each - a pedestrian, a cyclist, a hawker,
a car user and a public transport user. Also, streets
by themselves can’'t be safe, unless and until, a
continuous dialogue between landuse edges and
streets is created. Active and passive interaction
with passers by, well lit pathways and cycle tracks,
insterspersed with rest areas and bus-stops prevent
creation of lonely and desolate spaces which
encourage crime and unsafe situations.

The sidewalk and street peace of cities is not kept primarily by the police [...]. It is kept primarily by
an intricate, almost unconscious network of voluntary controls and standards among the people

themselves, and enforced by the people themselves. Jacobs, J (1961)

An urban village. Location: Hauz Khas, Delhi Source: Authors

There must be eyes upon the street, eyes belonging to those we might call the natural proprietors

of the street. Jacobs, J (1961)

Span of streets should foster easy visibility and visual reference
from both sides of the street. Location: Bidhan Sarani,Kolkata,
Source: www.wikimedia.org

A street becomes a public space and increases the vibrancy of
the neighborhood, when pedestrians are given priority.
Location : Times Square, New York. Source : Jeff Risom
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SAFE STREETS.

Safe Streets put pedestrians first. Prioritizing
vulnerable groups like pedestrians and cyclists, who
are the most affected by speeding vehicles and street
crimes, is needed during the design and planning of
streets.

Any type of streets, any width of streets, needs to
address the prerequisites of a pedestrian and a
cyclist. Safe streets are built for people and not cars.
The multi-dimensional experiences of the pedestrian,
cyclist and the motor vehicle passenger must all be
considered as one, at the ‘eye-level’ of humans in the
city. Visual contact amongst all street users foster a
sense of safety, public pride and ‘right to the street’
and prevents actions like speeding of vehicles and
rash driving due to a sense of ‘being watched'.

Safe streets are forgiving in nature. Human nature
is prone to making mistakes. Mistakes range from
crossing streets without noticing the red light,ignoring
speed limits, taking a left turn where it is not allowed,
forgetting to switch on headlights or indicator, the list
goes on and is numerous. Each of these mistakes
maybe harmless individually, but can lead to fatal
or near-fatal accidents, depending on the context
of the road. Design of streets, should lessen the
impact of human error. Forgiving street enviornment
discourages speeding and encourages soft mobility
modes to use streets with confidence and reduces
fear of harm.

Segregated tram lanes and interaction with pedestrains.
Location: Kolkata Source: www.wikimedia.com

‘Right to the street’. Location: Delhi Source: www.flickr.com

Slowing of vehicle speed through traffic calming measure like
raised table top crossing.Location: Delhi Source : www.itdp.com
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SAFE STREETS.

Safe streets are secure streets.

Addressing the needs of all user groups, results in
a succesful system / network design. Human and
mechanical dynamics meet and interact within any
given street enviornment. Designing for a robust
street system, enhances security through an interplay
of “voluntary controls”( Jacobs, 1961), enhanced by
visibility and interaction. Newly emerging research
confirms that the presence of fear of violence impedes
activity levels and the ability to move outside freely,
especially among population that are more vulnerable
to violence such as children, women, people with
disabilities, and older adults.(Cohen, et al., 2013).
Presence of fear of violence also fosters distrust and
unwillingness to nteract or aid another street user.

A woman walking on a lonely isolated street is less
likely to help another person. She is more likely to
hurry up to her destination, than stop and an aid
another in need due to fear of dupe and attack. While
in a busy market, she would be more likely to aid and
also call others to assist. Safe streets provide ‘eyes
and a helping hand on street’.

Safe streets are inclusive. Design of inclusive
streets gives a safe environment to all age groups
and segregates population from high speed and
prevents injuries. An inclusive approach, gives power
to the most vulnerable street users through design.
Bus and bicycle lanes, pedestrian islands, signalized
and redesigned intersections, curbs and sidewalks,
frequent and safe crossing oppurtunitiesare detail
which when incorporated creates inclusive streets.
These details also keep a NMT user well involved in
the street enviornment and helps them predicting of
driver behaviour and speed, thereby increasing their
chances of protecting themselves

Safe streets give clean air. The increased
dependence on personal transport leads to high
emissions. Comfort of commuting by car can hence
lead to a heavy price of breathing in noxious fumes
and developing respiratory problems over a period
of continuous exposure - for eg. daily commute to
work. The more people use public transport or just
walk and cycle, the cleaner the air.

Street as a system where all components have been allocated
space. Location: New York Source : Active Design Supplement :
Promoting Safety, AIA, New York

Pedestrains at the top of modal hierarchy. Location: Number
One Oxford Street London Source : www.bbc.co.uk

Public transport also provides an opportuity to include urban
greens Location: Kolkata Source: facingkolkata.wordpress.com

161



INTRODUCTION : CITY FOR ALL 1

SAFE STREETS.

A complete system of mobility within a city encourages a sense of equality among its citizens. When
successfully incorporated into the grain of the city, public transportation, pedestrian walkways, and bicycle
lanes, are usable by all because of their low cost and convenience. In this sense, People First Mobility fosters
democracy as well as a sense of individual importance ( Gehl 2010).

Ibidem
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TRAFFIC AND SAFE COMMUNITIES

SOME INDICATIONS
AND GUIDELINES

Urban Transportis a means of access and not mobility.
Non Motorised Transport (NMT) can offer increased
mobility to large parts of the population, safeguard
the accessibility of otherwise congested cities and
provide freedom of movement to rich and poor,
young and old. NMT not only offers environmental
advantages but provides a holistic range of benefits
to both the individual and the city. This includes
health, equity, better air quality, poverty alleviation,
road safety, liveable cities and equal opportunities to
all irrespective of their socio-economic background.
However, there has been a decline in the use of
NMT as a result of rising income levels and hostile
conditions on roads resulting in a greater dependency
on privately owned motorised transport. This not only
increases the volumes of traffic on our roads leading
to congestion and pollution but also increases our
vulnerability to various health issues. (TRIPP, 2013)

“ 98%of Central Government Grants under JNNURM have been used by the Govt. of NCT Delhi in
expansion of roads, construction of flyovers and parking projects and in spite thereof there are cars,
cars and cars and nothing else. The roads are bursting on the seams due to cars. [...] and since in
a democracy it is not to physically possible to seize cars and destroy them, the only democratic
solution would be to dedicate road space for buses, which would move quick and fast and this would
act as an incentive for people to switch over to public transport.”

( Delhi High Court , 2012)

Traffic Congestion , Delhi . Source: https://www.wikipedia.org

Traffic Congestion , Mumbai . Source: https://www.flickr.com
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PRINCIPLES OF SAFE STREETS

SUSTANAIBLE SAFE TRAFFIC SYSTEM
a road environment with an infrastructure adapted to
the limitationsof the road user.

SOCIAL USABILITY

Apart from being, spaces of navigation, streets our
also spaces of meeting, trade and an extension of the
urban public spaces. Waiting areas, hawker zones,
public amenities like toilets, increase the usability
and acceptabilty of streets as spaces of interaction
and gives citizen a space to be proud of.

UNIVERSAL ACCESSIBILITY

The integration of the concept of universal design
has been completely missing from our streets. Street
design has to answer inclusivity and accessibility for
ALL.

CURRENT LIMITATIONS OF URBAN TRANPORT

Broadly speaking, three issues are important in
confronting the current limitations of the urban roads
in Indian cities :

OVERCOMING MYTHS

Currently the usage of NMT modes and public
transport,suffer certain myths, which further detriment
their popular usage. lIdentifying these myths is
essential for overcoming them and building NMT
inclusive road infrastructure design .

SAFE AND COHERENT NETWORK

The success of an urban transport infrastructure
depends on the functionality of the network as a
whole. Each aspect like bus routes, cyclist tracks,
pedestrian pathways, crossings and intersections
function as parts of a whole system. Isolated focus
on each or any wouldnt be effective in providing any
benefits to the user and would sooner or later lead
to shift to privatev vehicles or unsafe trapped usage
conditions.

EQUITABLE ALLOCATION OF ROAD SPACE
Pedestrians, non motorized users and the public
transport users in urban areas form the basis of
sustainable transport systems. Therefore designing a
road space for these three user groups in priority is of
utmost importance.

CAPTIVE USERS

Pedestrians, non motorized users and the public
transport users in urban areas form the basis of
sustainable transport systems. Therefore designing a
road space for these three user groups in priority is of
utmost importance.

CORRIDOR PLANNING

While being part of a larger network, each cross-
section of road falls under a specific typology anfd
demands specific design solutions and details to make
it work efficiently and safely. While the coherence of
the whole network is of utmost importance, it wouldnt
be possible without a succesfull detailed intervention
at the micro- scale of the road space
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MYTHS ABOUT CYCLISTS AND CYCLE USAGE

CYCLE SHOULD BE ONLY BE USED IN INTERNAL SEPARATE TRACKS ARE NEEDED ONLY WHEN

ROADS VOLUME OF CYCLISTS IS HIIGH

FACT : India has a high share of current users and they will FACT : Separate cycle tracks are needed for all roads with and

prefer using the road network which is more direct and faster above 30m right of way inorder to prevent conflict

CYCLE IS USED PREDOMINANTLY BY MEN IN METROPOLITAN CITIES TRIP LENGTHS ARE
LONGER, PEOPLE HAVE TO TRAVEL LONGER
DISTANCES

FACT : A large number of women of all age groups use the FACT : Nearly seventy percent of the trips are shorter than

bicycle nd rrickshaw for work and commute 10kms regardless of city size. There are about a million cyclists
in metropolitan cities like Delhi. The average trip length is about
10km
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MYTHS ABOUT CYCLISTS AND CYCLE USAGE

NMT = BICYCLE THERE IS NO SPACE FOR CYCLE INFRASTRUCTURE
FACT : NMT also covers tri-pedal rickshaws and four wheeled FACT :There is a lot of wasted space on the road. Equitable
vendor trolleys apart from others used for inclusive mobility road space allocation can be easily done according to
the classification of road to provide usable and safe cycle
infrastructure

CYCLING AS A MODE OF COMMUTE IS FOR LOWER CLASS ( ECONOMICALLY WEAK ) PEOPLE

FACT : The two pictures above show a sharp contrast between the cyclists. While the former is using a low cost cycle in normal
work clothes, the latter is using an expensive cycle, along with safety helmet. Apart from the marked difference in the economics of
cycling, the pictures show that commuting by cycling can be practicised by all - either rich or poor.
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16 TRAFFIC AND SAFE COMMUNITIES

MYTHS ABOUT BUS USAGE

INDIAN ROADS AREN’T WIDE ENOUGH FOR BUS LANES

FACT : The above two pictures clearly depict that dedicated bus lanes can function quite well even in a 2 lane and 4 lane condition.

DEDICATED BUS LANES CREATE CONGESTION

FACT : The above example clarifies that bus lanes, instead of creating congestion, clears out chaos caused by a mixed mode
situation. This chaos is largely responsible for adding to the traffic congestion, along with high volume of cars
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MYTHS ABOUT PEDESTRIANS

DISABLED PEOPLE ARE TAKEN CARE OF, THEY
DONT NEED TO BE ALONE ON THE STREET

FACT : Disbaled people are not able to navigate on the streets
independantly, as footpaths are not universally accessible and
they have to share the same road space as cars and buses.

THERE IS NO SPACE FOR FOOTPATHS, DUE TO
HIGH VOLUME OF CARS

FACT :Street edges lack proper thought and design , thereby
wasting a lot of space, which if properly designed, can provide
ample space for footpaths

FOOT-OVER BRIDGES ARE THE BEST WAY TO
CROSS ROADS

FACT : At grade crossing is the most comfortable way of
crossing for pedestrians.

STREET HAWKERS CREATE UNSAFE AND CHAOTIC
ENVIORNMENT

FACT : Even if they are an integral part of urban life and
economy, their existance is actually ignored when it comes to
planning and designing of infrastructure, thereby leading to
chaos.
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SAFE AND COHERENT NETWORK

The planning for NMT modes cannot be carried
out in isolation but needs an integrated approach
addressing the needs of all road users. Planning for
cycle and pedestrian paths, bus lanes and stops,
integrating with metro station access, on-street
parking, para transit stands, hawkers; etc. all require
to be integrated in the planning process to ensure
that the NMT infrastructure functions as planned.

At a network level, the NMT network is far denser
than the MV network and the public transit network.
While they overlap, the NMT network needs to be
fine-grained with the highest connectivity — in effect
there may be streets which are NMT only, but all MV
and PT networks should have NMT integrated in their
plans.

NMT NETWORK

Directness and
Coherence

Through Planning

High preference for
captive users

Safety,
Attractiveness &
Comfort

Through Design

High preference for
potential users

Equitable space allocation and grade separation for all user types leads to a safe and coherent network. Delhi BRT ; Source :TRIPP
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Continuous cycle tracks without obstructions contribute to
coherence . Location : Delhi, Source : Authors

Footpaths interspersed sitting areas and resting zones offer
comfort and increase attractiveness of the infrastructure.
Location : Delhi, Source : Authors

Facilties like low floor buses not only enable universal
accessibility, but also provides additional safety to aged people
and pregnant women.Location : Delhi, Source : Authors

The three major components needed for an efficient
urban transportation network are explained below.

Coherence and directness (Connectivity)
Cyclists and pedestrians use a given infrastructure
only if it provides a continuous connection between
their origin and destination. The lower the travel
time, the higher the directness. At network level,
a cohesive network would involve minimal detours
for cyclists accessing it

Attractiveness and Comfort

Due to their slower speed compared to motorists,
pedestrians and cyclists are sensitive to
microenvironments on the streets and this may
affect their route choice or decision to walk or cycle.

Factors adversely affecting the comfort of NMT
users by choice are: traffic bottlenecks, steep
gradients, nuisance caused by traffic noise
and emissions, bad riding quality, presence of
obstructions resulting in frequent braking or slowing
down, etc.

Safety and Security

NMT users are very vulnerable in the case of
crashes. In common practice of increasing NMT
safety is to segregate them from motorized vehicles
in time and space. The most effective option would
be to segregate users into separate tracks or paths
along the road network, (especially if the speed limit
for MV is over 30 Km/hr). On other streets there is
a need to reduce their speed difference by traffic
calming without affecting directness or coherence.
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TRAFFIC AND SAFE COMMUNITIES

CORRIDOR PLANNING

For identifying what is wrong and lacking from our
urban streets, it is important to know the various types
of streets and their related modal space allocation.

The arterial and sub-arterial roads ( colloquial
term- main roads) have usual right of way ROW (
total span of space between land use on either side )
of 50 - 80m. Arterial and sub-arterial road can easily
have dedicated bus lanes upto a maximum of 6-8
lanes for the former and 4-6 lanes for the latter. Lanes
can have a width of 3.3 - 3.5 m . Segregated cycle
tracks and pedestrian footpaths of 2.5- 5 m should
be provided.

These are the roads, where we see the highest
concentration of all the different modes and hence the
probability of accidents which are fatal, is also very
high. Also, due to their ample width, they encourage
speeding, if proper design measures havent been
taken during planning and implementation phases,
to slow down speeding instincts. These roads are
important in defining the coherence at a macro scale,
in the sense that they are the dominant players in
giving a language, form and identity to the entire road
network of a city.

Access streets are the streets, on which we directly
step out from our residential buildings ( sometimes
local street shops / offices ). These carry very low
volume of traffic, at very low speeds. They have a
ROW of 6-15 m and have 1-2 lanes of 2.75 - 3m
width. They contain mixed traffic ( motorized and
cycle), while footpaths of 1.8 - 2.5m can be separately

Distributor streets a ROW of 12 -30m and can have
a maximum of four motor lanes of 3.0m width each.
Cycle lanes on the edge of carriage way, adjacent
to footpaths and parking of 1.2 m width, painted on
asphalt is sufficient on these roads. They connect
our so called main roads to our close knit alleys of
residences and commerce. These carry moderate
volume of traffic, at a relatively slower speed.

These streets form the buffer between are
neighborhoods and the main traffic roads , and
hence play an important role in bringing us out of
our intimate narrow streets to the hustle and bustle
of bi-directional fast moving traffic. Traffic calming is
important here, as these streets contain movement of
kids, young adults and old people at a larger volume
than the main roads. Neighborhood kids cycling in
groups during evening play time, old people walking
to the neighborhood community centres / religious
buildings, are the most prone to accidents on these
roads. The distributor street spaces should be well
complemented with outdoor furnitures like benches
and drinking water and foster a sense of community
interaction.

These streets are literally an extension of our living
quarters, and should imbibe in the citizen, a sense
of nurturing and responsibility for these spaces.
They can be well interspersed with tot-lots, parks
and greens, which act as neighborhood interaction
spaces. Ample street lighting and outdoor furnitures
makes these streets liveable and vibrant
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The correct design of any stretch of road, depends the type of traffic and the road users present on the
upon understanding the function and typology of the road. The design speeds, road widths and other
cross-section in question. An efficient urban road geometric features are adapted to suit the road
network follows a hierarchy. The hierarchy is based function. (MoUD, 2012)

on the function that the road is expected to perform,

Cross- Section Design

Hased on the available widih the parking can be both direchions in paralel, Consincted artenal roads do not have adequate width for a service lane.
perpendicular and angular corfigurations Theredore, provision of parallel parking (intermitient) along carmageway
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TRAFFIC AND SAFE COMMUNITIES

Intersection and Approach Design

The intersection design forms an integrated part of
the overall route for a NMV user. As mentioned in
the design requirements, all principles need to be
applied in intersections as well. Based on the types
of roads intersecting,junctions can be classified as a
signalized intersection, an un-signalized intersection
or a roundabout.

Intersections created within and between each road
type presents varying challenges to directness, safety,
comfort and the attractiveness of NMV infrastructure.

Roundabouts: Safety of cyclists and pedestrians
negotiating a roundabout can be ensured by reduced
vehicular speeds and geometric designs, ensuring
adequate segregation and visibility for slow moving
users. Modern roundabouts allow better capacity
without compromising safety.

Signalized Junctions: At signalised intersections,
expected delays for cyclists are considerably longer
than other junction solutions. Therefore, a flexible
approach to adapt a single or combination of crossing
methods should be adopted.

Segregation at or Near Intersection ensures safety
and directness for cyclists.

Bicycle Boxes or Waiting Spaces for cyclists are
required for waiting cyclists on the near side of
junctions.

Provision of Left turning Traffic: Additional turning
pocket for left turning vehicles may be provided on
the near side of the junction but a segregated lane
should be avoided.

At intersections where heavy left turning traffic
is expected, to reduce any expected delays for
motorized traffic, introducing a two-phase pedestrian
and bicycle signal coupled with traffic calming in the
form of speed table or raised crossing for cyclists and
pedestrians, can be implemented.

Traffic Calmed and Un-signalized Junctions: For
minor intersections, it is recommended to apply traffic
calming such as mini roundabouts, humps, table tops
to keep the speed of motor vehicles in check.

Traffic calming through raised table top crossings. Location :
Delhi, Source : Authors

Bicycle boxes reduce chances of conflict and crashes.
Location : Delhi, Source : Authors

Segregated routes for motorised and non-motorised traffic (in
construction ). Location : Chandigarh, Source : Authors
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Special Conditions : Streets as Public Spaces

People use streets as social spaces. All components
of road design and various road users interact in a
such a manner that it creates an urban system. This
urban system fosters public spaces.

Apart from serving its purpose to foster navigation,
streets are also places of waiting , places of meeting
, places of resting , places of protest and places of
festivity. In short they are as public ( if not more) as
any public park, fair grounds or sports clubs. More
so, they are the most affordable places to loitre, drink
tea, or relish street food.

Common scenarios from our street life clearly portray
the enjoyment and relaxation that the ‘public’ness of
these spaces provide. They are places of informal
trade, hence contributing to providing a market for
a number affordable products. Keeping these very
‘humane’ condiions of our streets edges and waiting
areas , its fundamental to incorporate them through
space allocation and inclusive design

Bus-shelters are also used as waiting and resting spaces. Location : Delhi, Source : Authors

BUS SHELTERS

Bus Shelters need to be located every 500-700m.
Also the intersections are rationalized on the same
principle. However, in the current scenario bus
shelters are located at a greater distance or away
from the intersections. This increases the access
length of a commuter to the bus shelter or to his/her
destination. In the vicinity of the bus shelter, hawkers,
cycle rickshaws, e-rickshaws etc are mostly present
to capitalize commuter needs and provide feeder
connectivity

HAWKER SPACES

Bicycles, pedestrians and bus traffic attracts street
vendors. Often road sidesv and pedestrian paths are
occupied by people selling food, drinks and other
articles, which are demanded by these road users.
A careful analysis of location of vendors, number of
vendors at each locationand type of services provided
them shows the need of that environment, since they
work under completely “free market” principles.

Alongwith providing necessary services, street side trades provide spaces of meeting, waiting and loitering, thereby enforcing the

“ publicness” of our streets. Location : Delhi, Source : Authors
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INTERVENTIONS ON EXISTING INFRASTRUCTURE

Insertion of table top crossing , facilitating slow down of motorised vehicles and safe crossing with universal accessibility.
Delhi BRT ; Source :TRIPP

Optimum utilization of existing roads by insertion of cycle tracks and zebra crossing
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INTERVENTIONS ON EXISTING INFRASTRUCTURE

Acess Roads : Typical conitions in Indian cities . How soft intervenions can alter the quality of the space with equitable space
allocation for all modes. Source : SGA architects.

Arterial Roads : Typical conitions in Indian cities . How soft intervenions can alter the quality of the space with equitable space
allocation for all modes. Source : SGA architects.
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TRAFFIC AND SAFE COMMUNITIES

AUDITS AND PRIORITISE

Why should communities play an active part ?

Communities have strengths and assets that can provide an enviornment that promotes

health and well being

A communnity approach minimizes “blaming the victim”

A community approach means that fewer people have accidents / fatalities, not just more

people are safe

A community approach builds on what is already working within cultures and is tailored to

the community’s strengths

A community approach approach enables communities to develops solutions that benefit

all

A community approach strengthens the overall enviornment of the community

When can Public Transport
Accessibility Audit be conducted?

Public Transport Accessibility Audit can initially be
conducted either during the construction of a new
public transport facility or in redesigning an existing
facility.

It can later be conducted once every year across the
city to ensure that public transport is still accessible
to its users.

Adopted from Prevention is Primary ( Cohen et al, 2007)

How can citizens Audit

infrastructure ?

city

Walking on city roads comes as naturally to citizens
as going to work or education or market places.
It is the means of pursuing any particular want to
be mobile. Talking to neighbors of different age
groups, understadning the needs of each and
checking whether a particular existing street has the
capability to address those needs is the first step to
understanding what is requirred and what is absent.
Based on this know-how citizens can then organixe
themselvss and ask city officials to provide them with
proper infrastrcuture which meets their needs and
right to mobile in a safe way
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