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ABSTRACT

The rapid growth of urbanisation and the vehicle population has resulted in increased
number of accidents in Bangalore city in India. Several traffic management measures have
been attempted to reduce the problem of congestion and to make the travel safer. The most
common traffic management measures tried in Bangalore city are the conversion of two —
way roads to one — way roads and erection of median barricades. The present study deals
with the economic evaluation of these accident reduction measures and their effectiveness
both as a traffic management measure as well as an accident reduction measure. From the
study, it was found that both one — ways and median barricades are effective in reducing
accidents.The conversion of two — way roads into one — way roads has led to a significant
reduction in the number of accidents. Fatal accidents have reduced by 32%, injury accidents
have reduced by 34% and property damage accidents have reduced by 18 % on the roads
selected for the study. Also, a significant reduction in the number of right turning and
overtaking accidents was observed after the introduction of the one — way scheme, the
decrease being 83% and 75% respectively. The erection of median barricades on certain
roads in Bangalore city has also led to a significant reduction in the number of accidents.
Fatal accidents have reduced by 40%, injury accidents have reduced by 43% and property
damage accidents have reduced by 43% on the roads selected for the study. The number of
pedestrian accidents has reduced by 27% because of the restriction in pedestrians crossing
the road at any point. From economic evaluation of the measures implemented, it was found
that both one — ways and median barricades are effective in reducing accidents but increase
in vehicle operating costs due to the increase in travel distances after the implementation of
the one — way scheme makes the scheme economically unjustified. On the other hand, since
the only costs incurred in the erection of median barricades are the erection cost and annual
maintenance costs, the significant reduction in the accident costs economically justifies the
implementation of this scheme.

ROAD SAFETY PROBLEM IN DEVELOPING COUNTRIES

Growth in urbanisation and in the number of vehicles in many developing countries has led
to increased traffic congestion in urban centres and increase in traffic accidents on road
networks, which were never designed for the volumes and types of traffic, which they are
now required to carry. In addition, unplanned urban growth has led to incompatible land
uses, with high levels of pedestrian-vehicle conflicts. The drift from rural areas to urban
centres often results in large number of new urban residents unused to such high traffic
levels. As a result, there has often been a severe deterioration in driving conditions and a
significant increase in the hazards and competition between different classes of road users.
In addition, the inherent dangers have often been made worse by poor road maintenance,
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badly designed intersections and inadequate provision for pedestrians. All of these have
contributed to the serious road safety problems in developing countries like India.

It has been estimated that over 300,000 persons die and 10 to 15 million persons are
injured every single year in road accidents throughout the world (TRL and ODA, 1991). Road
accidents in developing countries are a cause for growing concern and road accidents cost
around one percent of Annual Gross National Product (GNP) resources of developing
countries, which they can ill afford to lose. The deaths per 1000 vehicles registered in
developing countries are as shown in Figure 1.
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Figure 1: Fatality Rates in Selected Developing Countries

Source: Manual for Safety in Road Design, 1998

ACCIDENT SCENARIO IN INDIA

The spectacular growth in the Road Transportation Sector in India has been a key element
in the economic development. In the country, more than 70,000 people die and nearly 4
lakhs persons are injured in about 3 lakhs and more road accidents every year. The trend in
road accidents and number of vehicles registered during the period from 1970 — 1995 are
shown in Figure 2. India’s motor vehicle population is just 1% of the world’s, but her share
of world road traffic accidents is 6%. Even though it can be observed from Figure 2 that the
accident rate has been steadily decreasing over the past 25 years, the accident rate is still
very high compared to the developed nations.
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Figure 2: Trends in Vehicle Registration and Accident Rates in India from 1970 —1995
Source: MOST

ROAD ACCIDENT SITUATION IN BANGALORE CITY

Bangalore, the capital city of Karnataka State, ranks fifth in population in the country’s
urban agglomerations. The road safety profile of Bangalore City is evident from the increase
in the number of registered vehicles as well as in the number of accidents recorded, in the
last three decades. The number of registered vehicles has increased from 0.108 million in
1976 to 1.438 million in 2000. Accidents have also exhibited an unprecedented increase
from about 2000 in 1975 to more than 9000 accidents in 2000. The percentage of each
category of registered vehicles is shown in Figure 3. The high proportion of two wheeler
automobiles has caused congestion on city roads and has created a hazardous situation on
Bangalore roads.



16th ICTCT workshop

B 15%

4% [J Two Wheelers

Three Wheelers

B Cars / Jeeps / Taxis
B Buses

Trucks

O Tractors / Trailers

B Maxi Cabs and Others

0 75%

Figure 3: Percentage Share of Different Vehicle Categories in Bangalore

ROAD CONDITION AND TRAFFIC SAFETY

The effect of road conditions in road safety to date is still underestimated. On the basis of
widespread scientific research involving analysis of road accidents and a study of how
vehicles are driven under different road conditions, it will be probable for the highway
engineer to establish the effect of road conditions on accidents. The main road conditions
that contribute to accidents are (Babkov, 1975):

1. Road Width

2. Width and state of shoulders

3. Width of the median

4. Grades

5. Deficiency in sight distance

6. Radius of the horizontal curve and deficiency in super elevation at curves

The traffic parameters that affect safety are traffic volume and speed. The engineering
solutions to the safety problem consist in suggesting suitable improvements to the road
conditions or to suggest suitable changes in the management of traffic.

ACCIDENT REDUCTION MEASURES IN BANGALORE
CITY

The two most common measures adopted on urban roads to reduce accidents are the
conversion of two — way roads to one — way roads and erection of median barricades. In the
present study, an attempt has been made to evaluate the effectiveness of the introduction
of one — way system and erection of median barricades in reducing accidents. Economic
evaluation of the two measures has also been done to check whether the measures
proposed are justifiable economically.
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STUDY LOCATIONS

Three locations each were selected to evaluate the effectiveness of each traffic management
measure, one — way roads and median barricades. The locations chosen were such that the
accident data for the locations before the introduction of the considered accident reduction
measures were available. The locations chosen are presented in Table 1. All the locations
chosen were free of commercial vehicles both before and after the implementation of the
accident reduction measures.

Table 1: Locations Chosen for the Evaluation of Accident Reduction Measures

One — Way Median Barricades

Sheshadri Road Dhanvantri Road

Kempegowda Road Tank Bund Road

J. C. Road Race Course Road
DATA COLLECTION

The main data requirements for the evaluation of the accident reduction measures at all the
selected locations were:

1. Details of road geometrics

2. Length of the road stretch and change in the travel distance after implementation
of the traffic management schemes

3. Traffic volume

4. Spot speed

5. Accident data from police files before and after implementation of traffic
management measures

A detailed survey was conducted at the selected locations to measure the roadway
geometric parameters like the roadway width and footpath width. The length of the section
was also measured in order to calculate the road user costs before and after the
implementation of traffic management measures. The roadway geometric details are
presented in Table 2.

Classified traffic volume counts were conducted at all the locations considered and the past
traffic volume data was taken from secondary sources (Babu, 1999). Spot speed studies
were also conducted at the selected locations using a Radar Gun.

The accident data for the before and after period was collected from police records
maintained in the individual police stations.
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Table 2: Details of Roadway Geometrics at the Selected Locations

Sl Road Name Length of Road Width, Footpath
No. Stretch, km m Width, m
1. Sheshadri Road 0.9 16.0 3.5
2. Kempegowda Road 1.0 12.8 3.4
3. J. C. Road 0.8 15.0 3.0
4. Dhanvantri Road 0.6 9.9 2.7
5. Tank Bund Road 1.0 11.0 3.5
6. Race Course Road 0.8 9.7 3.3

STATISTICAL EVALUATION OF ACCIDENT REDUCTION
MEASURES

Statistical non — parametric tests were conducted to evaluate the effectiveness of the
implemented accident reduction measures as this technique is based on less stringent
assumptions and proper inferences can be made when the assumptions of the so — called
standard methods cannot be met. This test is suitable when the sample size is small
(Walpole and Myers, 1990). The number of accidents that occurred during the period before
the implementation of the measures was compared with the number of accidents that
occurred after the implementation of the accident reduction measures. Accident data of four
years was considered both in the before period as well as the after period. The null
hypothesis viz. there is no reduction in the number of accidents after the implementation of
the accident reduction measures was tested against the alternative hypothesis that there is
indeed a reduction in the number of accidents after the implementation of the measures.
The Ucalculated value was compared with the Ucritical values from standard statistical
tables at a 5 % level of significance. The results are shown in Table 3.

Table 3: Results of the Statistical Evaluation of Accident Reduction Measures

Scheme Total Number of Accidents U — Statistics
Road Name Before After

F T [P0 F[ 1 [pD| = | U
o Sheshadri Road 3 15| 10 | 1 7 9 2.0 1
é)é § é Kempegowda Road 9 31 | 25 |6 |21 | 20 1.5 1
v | J.C. Road 7 40 | 39 | 6 | 29 | 32 2.5 1
c 9 Dhanvantri Road 2 15 122 | 0O 5 14 2.0 1
g _§ «» | Tank Bund Road 7 22 | 17 | 4 | 15 9 2.0 1
= f:? Race Course Road 6 |16 | 5 | 5|10 | 2 3.5 1

F = Fatal; I = Injury; PD = Property Damage
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From the results in the table, it can be observed that the Ucalculated exceeds the Ucritical
values obtained from standard statistical tables. This indicates that the null hypothesis is to
be rejected and the alternative hypothesis is to be accepted that there is indeed a reduction
in the number of accidents after the implementation of accident reduction measures at the
selected locations.

COMPUTATION OF ROAD USER COSTS

The methodology for computation of road user costs has been based on the
recommendations given in the Study for Updating Road User Costs (Kadiyali, 1992). The
road user costs are computed as a sum of the vehicle operation costs, accident costs and
cost of implementation of accident reduction measures. The weights given to fatal, injury
and property damage accidents have been arrived based on the study on Evaluation of Road
Accident Cost conducted by Tata Consultancy Services (TCS) for the Ministry of Surface
Transport (MOST) (TCS, 2000). The costs computed are compared for the before period as
well as the after period and accident reduction measures implemented are evaluated.

ECONOMIC EVALUATION OF IMPLEMENTATION OF ONE
— WAY SCHEME

The main advantage of the implementation of the one — way scheme is that the initial cost
for the implementation is very less and only involves the costs for changing signal timings,
replacing signs and markings etc. Since these costs are marginal, these have not been taken
into account during the computation of the total costs. The main disadvantage in the one —
way scheme is the extra distance that is to be travelled thereby increasing the vehicle
operation cost (VOC). The travel time may also increase in some cases. The travel time cost
has not been considered as this cost can be assumed to be marginal. The summary of
accident costs before and after the implementation of the one — way scheme is presented in
Table 4. The summary of vehicle operation costs before and after the implementation of the
one — way scheme is presented in Table 5.

Table 4: Comparison of Accident Costs Before and After the Implementation of the One -
Scheme

Sl Accident Costs (Million US$) Net Savings
No. Road Before After (Million US$)
1. | Sheshadri Road 0.097 0.042 0.055
2. | Kempegowda Road 0.245 0.167 0.078
3. |J.C. Road 0.252 0.199 0.053
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Table 5: Comparison of Vehicle Operation Costs Before and After the Implementation of the
One — Scheme

Accident Costs

Sl i Extra VOC
Road Distance, km (Million US$)
No. (Million US$)
Before | After Before After
Sheshadri Road 0.9 1.2 1.148 1.787 0.639
Kempegowda Road 1.0 2.0 1.578 3.532 1.954
J. C. Road 0.8 1.6 1.346 2.981 1.635

It can be observed from Table 4 that there is a substantial reduction in the accident costs
after the conversion of the selected roads from two — way to one — way and the savings in
accident costs are as high as 57% at Sheshadri Road. But, due to increased distances of
travel after the conversion of the facility to one — way the vehicle operation costs increase
considerably. Therefore, even though there is a reduction in accidents after the
implementation of this measure, this measure is not economically justified. This measure
can be considered as a measure for accident reduction only but cannot be used as a
measure for traffic management.

ECONOMIC EVALUATION OF ERECTION OF MEDIAN
BARRICADES

Median barricades are used to segregate opposing streams of traffic and to discourage
pedestrians from crossing the road at any location other than at predetermined pedestrian
crossings. Median barricades reduce the chances of a head — on collision between vehicles
and also enhance the safety of crossing pedestrians. The initial cost of erecting the median
barricades and its annual maintenance costs are the main costs of the scheme. The net
benefit / loss due to the erection of median barricades has been computed and presented in
Table 6.

Table 6: Comparison of Accident Costs Before and After the Erection of Median Barricades

Accident Costs Cost of
Sl Road (Million US$) Construction of Net Savings
oa
No. Barricades (Million US$)
Before After
(Million US$)

1. Dhanvantri Road 0.09 0.024 0.021 0.045

2. Tank Bund Road 0.183 0.112 0.035 0.036

3. Race Course Road 0.142 0.107 0.028 0.007

It can be observed from Table 6 that there is a significant reduction in the accident costs
after the erection of median barricades on the roads selected for the study. The reduction in
accident costs is as high as 73% at Dhanvantri road after the erection of median barricades.
Also, since the construction of barricades and the annual maintenance are the only costs
incurred, there is a net benefit due to the implementation of this scheme.
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CONCLUSIONS

From the study on the evaluation of accident reduction measures in Bangalore City, the
following conclusions can be drawn:

The conversion of two — way roads into one — way roads has led to a significant
reduction in the number of accidents. Fatal accidents have reduced by 32%,
injury accidents have reduced by 34% and property damage accidents have
reduced by 18 % on the roads selected for the study.

The erection of median barricades on certain roads in Bangalore city has also led
to a significant reduction in the number of accidents. Fatal accidents have
reduced by 40%, injury accidents have reduced by 43% and property damage
accidents have reduced by 43% on the roads selected for the study.

Economic evaluation of one — way scheme shows that although there is a
reduction in the accident costs due to the reduction in the number of accidents
after the implementation of the scheme, there is a considerable increase in the
vehicle operation costs due to the longer travel distances due to absence of
parallel roads. Hence, there is a net loss due to the implementation of one —
ways. The one — way scheme would be justified only if it were applied as an
accident reduction measure and not if applied as a traffic management measure.

Economic evaluation of the erection of median barricades shows that there is a
net benefit due to the erection of median barricades as there is a significant
reduction in the accident costs as a result of the scheme and the only
expenditure incurred is the one — time erection cost and the cost for annual
maintenance of the barricades. Hence, this measure is economically justified.
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