ICTCT workshop Melbourne Proceedings

ANALYSIS OF ACCIDENT PATTERNS AT SELECTED
INTERSECTIONS OF AN URBAN ARTERIAL

Sabreena Anowar, Md. Didarul Alam, Md. Asif Raihan

Accident Research Institute (ARI)
Bangladesh University of Engineering & Technology (BUET)
Dhaka-1000, BANGLADESH
Email: sabreena anowar@arc.buet.ac.bd, mdidarulalam@arc.buet.ac.bd,
asifraihan@ari.buet.ac.bd

1. Introduction

Road traffic accidents and the resulting deaths have now emerged as one of the major
safety and public health problems in urban areas all over the world. The combination of rapid
urbanization and motorization has made the problem even severe for the developing cities of
Asia. Dhaka, the capital of Bangladesh is no exception. Official statistics reveal that more
than ...... fatalities and ....... injuries occur annually due to traffic accidents in this city. It
demonstrates the burden and seriousness of the problem and emphasizes the need for strict
and comprehensive measures to prevent the unwanted and unnecessary loss of lives.

In urban areas, the traffic roadway system context is more complex where a mixed road
user environment prevails and greater perceptual and cognitive demands are placed on the
road users. Of particular concern are the urban intersections, particularly the signalized ones
that are problematic locations and have been identified as among the most hazardous
locations on the roads which account for a substantial portion of traffic accidents (Tay et al.,
2006, Helai et al., 2008). The heterogeneity of traffic, plying of modes with varying speed
and maneuvering time makes the intersections of cities like Dhaka even more complex. Data
show that intersection accidents represent around 40 percent of total accidents occurring in
the Metropolitan city of Dhaka. Several studies (Hoque, 1986; Hoque et a/., 2006) dealt with
the traffic safety problem of the city, but very rarely research has been conducted to
examine the severity of intersection accident problem in this metropolitan city.

The only source of accident data in the developing countries is available from the Traffic
Police. Using these traffic police data, this study attempted to investigate the intersection
accidents occurring at one of the busiest and major Arterial roads of the Dhaka city named
Mirpur Road. The pertinent questions were:

« What are the general characteristics of intersection accidents?

« What are the similarities and differences between the accidents of urban and
suburban intersections?

« Which are the accident prone intersections?

« What are the probable causes for such accident occurrences?

« What measures can be taken to improve traffic safety at these sites?

« What could be the priority areas for further research on safety at these intersections?

This paper aims to provide a broad overview of some characteristic features of accidents that
occurred at some selected intersections of Mirpur Road between the period of 1998 and
2006. Based on the data analysis, the study also attempted to shed some light on the major
causes, factors and types of accidents in order to identify the problem intersections and
suggest appropriate counter-measures to reduce such accidents.



2. Literature Review

Intersection accidents occur due to failure in the traffic system which is the interaction of the
characteristics of some basic elements such as road users, the vehicles and the roadway
environment. In safety research from the international standpoint, many studies have shown
that roadway intersections are critical sites that require more attention. Retting et al. (1999)
reported that about 40% of motor vehicle accidents in US are at intersections or are deemed
intersection-related. During their study period, fatal crashes at traffic signals increased 19%,
whereas the number of all other fatal crashes increased 6%. They found that the main factor
contributing to multiple-vehicle crashes at intersections, as well as those involving
pedestrians, is non-compliance with traffic control devices, such as stop signs and traffic
signals. In their study of a sample of intersections in British Columbia, Sayed et al. (1999)
indicated that more than 50% of the accidents occurring in urban areas are at signalized
intersections. For many intersections, especially those within urban corridors, accident
frequency and severity remained relatively high despite the implementation of various
geometric and traffic countermeasures. In a study of urban intersection accidents in Riyadh,
Ghamdi (2002) found that among the major causes for severe accidents, excess speed
ranked first, followed by driving the wrong way and failing to yield. On the other hand, the
major causes for Property Damage Only (PDO) accidents are failing to yield, excessive speed
and following too closely.

3. Study Area

The Mirpur Road is one of the major arterial roads of the Dhaka city. It stretches westward
to Dhaka-Aricha road and acts as a prime transport corridor which links between half of the
country to the capital. There is a constant heavy flow of traffic on this corridor throughout
the year. It also generates quite a large number of pedestrian traffic due to the mixed land
use pattern alongside this arterial. Besides congestion, travel delay and other operational
problems, traffic accident has become a recurring event on this arterial.

A total of twenty five intersections with varying geometric characteristics having at least one
accident during the study period of 1998-2006 were selected for the study purpose. For
analysis, the intersections were divided into two major groups, such as, urban intersections
and suburban intersections. Out of these 25, 13 were urban intersections spanning from a
place called Azimpur to Asadgate and the rest were suburban intersections spanning from
Asadgate to Technical More. The intersections are categorized as urban intersections and
suburban intersections based on the adjacent land use pattern. The urban intersections are
taken as those that are located at or near the central business district (CBD). On the other
hand, the suburban ones are those which are located on the outskirts of the city and away
from the CBD. The study areas are shown in figure 1.
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Figure 1: GIS Map of Mirpur Road

4. Data Collection and Methodology

In Bangladesh, Police is the core organization for road accident data collection and storage.
Under the current operating framework, police conducts investigation and are responsible for
reporting of accidents. They use an investigation form called Accident Report Form (ARF)
and are trained on its uses. Also they are responsible for transcription of data in The Micro
Computer Accident Analysis Package (MAAP5) software. It should be noted here that the
Transport Research Laboratory (TRL) of the United Kingdom specifically developed MAAP
computer software package for storage and analysis of road accident data particularly for
developing countries.

For each accident, a sub-inspector of Police completes the traffic accident report form after
visiting the accident spot. The ARF is then dispatched to the respective Accident Data Units
(ADU) where the information from ARF and location of the accident is incorporated into
MAAP. Dhaka Metropolitan is one of the ten ADU’s established for data processing.

The Accident Research Institute (ARI) at Bangladesh University of Engineering & Technology
(BUET) essentially uses the MAAP database. This database was transferred to ARI through
an institutional collaboration with the Road Safety Cell (RSC) of the Bangladesh Road
Transport Authority (BRTA) and the Police Department. The current road safety research and
investigation works is based on this database.

The accident data reporting system has some flaws such as underreporting problem. But
currently the MAAP data has been included as part of the official First Information Report
(FIR) form, so it is expected that the system will improve more in the future years.

Data on traffic accidents for the last nine years extending from January 1998 to December
2006 for Mirpur arterial were collected from accident records database maintained at the
ARI. The data included accident date, time, location and other relevant information.
Afterwards, the collected data were analyzed and subsequent cross tables were prepared as
per requirement for each intersection using the Polygon Analysis Procedure of MAAPS. Finally
the data tables for each section were compiled for data representation using Microsoft Excel
Spreadsheet.



5. Data Analysis and Results

The data related to the intersection accidents were organized and analyzed to characterize
the accident patterns, such as

« Accident category (fatal or injurious)

» Accident characteristics (time and collision type)

e Accident result (number of injuries and fatalities)

« Demographic features of victims (sex and age of victims)
e Type of victims (driver, passenger and pedestrian)

» Vehicle class (NMT, passenger car, pickup truck or taxi)

5.1 Accident Severity Distribution

The distribution of accidents by accident severity levels for urban and suburban intersections
is shown in Table 1. Of total 247 reported accidents, 69 were fatal (28%), 121 (49%) injury
and 57 (23%) were property damage accidents. The overall ratio of fatal accidents to injury
and collision accidents was 1.0 to 1.75 to 0.83. The ratio is indicative of the extent of
underreporting problem of property damage accidents in countries like Bangladesh.

The severity distribution of accidents shows a varying pattern for the urban and suburban
intersections. It can be seen from Table 1 that a total of 146 (59%) accidents occurred in
the urban intersections during the study period of which more than 50 percent are injurious
whereas around 23 percent resulted in fatalities. On the other hand, out of the 101 suburban
intersection accidents a significant proportion was fatal accidents (36%). It can be further
seen from the table that 41 percent of all accidents (all severities) occurred at the suburban
intersections that are associated with 52 percent of the fatal accidents. This It may be due to
the reason that the suburban intersections are not so closely spaced as the urban ones and
the approaching roads are wider with less dense landside use. So, the motorists may have a
tendency to speed up which might result in such high frequency of fatal accidents.

Table 1: Severity Distribution of Accidents

. Fatal Grievous Simple Collision Total
Intersection

No % No % No % No % No %

33 2260 67 4589 8 548 38 26.03 146 100
Urban Intersections

47.83 63.81 50 66.67 59.11
36 35.64 38 3762 8 792 19 18.81 101 100
Suburban Intersections
52.17 36.19 50 33.33 40.89
Total 69 2794 105 4251 16 6.48 57 23.08 247 100
ota
100 100 100 100 100

5.2 Collision Type Distribution

Collision type is regarded as of primary important variable in accident analysis as accident
reduction countermeasures are aimed at reducing specific accident type/s (Hoque, 1986;
Hoque et al., 2006). It can be seen from Figure 2 that the predominant collision type in the

4
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urban intersections were rear-end (36%) followed by hit-pedestrian (28%). It is usual to
have more rear-end accidents at signalized intersections, partly because of the possibility of
the dilemma zone. It is observed that the occurrence of rear-end accidents in urban
intersections were 39% higher than those occurring in suburban intersections. It may be
attributed to the very close spacing of intersections and higher traffic volumes than the
suburban areas. In case of the suburban intersections (Figure-3) hit-pedestrian collision was
the prevalent collision type (37%). Adjacent to the suburban segment, quite a few number
of garments factories are situated. In the morning and evening hours, there is quite a heavy
flow of garment workers in the form of pedestrians. Due to the lack of adequate crossing
facilities, the pedestrians are forced to cross the intersections haphazardly and eventually
collide with the high speeding vehicles.
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Figure 2: Collision Type Distribution Urban Figure 3: Collision Type Distribution of
Intersections Suburban Intersections

5.3 Temporal Distribution

Weekly Distribution

The weekly distribution of accident severity is shown in Table 2. It is observed that 50
percent of the urban intersection accidents occur on weekends. During weekends there is
less volume of traffic on road, so the speeding tendency of the driver may lead to such high
percentage of fatal accidents.

The peak day of accidents occurred on Mondays (17%) for urban intersections and on
Fridays and Saturdays (18%) for suburban intersections. It should be noted here that
Fridays and Saturdays are weekends in Bangladesh.

Table 2: Weekly Distribution of Accident Severity by Intersection Type

. Fatal Grievous Simple Collision Total
Intersection

No % No % No % No % No %

22 2157 46 4510 4 392 30 2941 102 100

Weekdays
Urban 31.88 43.81 25.00 52.63 41.30
Intersections 11 2500 21 4773 4 9.09 8 18.18 44 100
Weekends
15.94 20.00 25.00 14.04 17.81
27 4154 20 30.77 6 9.23 12 1846 65 100
Weekdays
Intersections 9 2500 18 5000 2 556 7 19.44 36 100
Weekends
13.04 17.14 12.50 12.28 14.57
Total 69 2793 105 4251 16 6.47 57 23.07 247 100
ota
100 100 100 100 100
Hourly Distribution

The distribution of urban intersection crashes by hour of the day is very similar to the
general distribution of traffic volumes throughout a day. The fewest number of crashes
occurred in early morning hours when the fewest number of vehicles are on the road. Aimost
one third of the crashes occurred in the six-hour period between 6:00 AM and 12:00 noon.
This is the time when the commuter and school going traffic are on the road. The urban
intersection accidents also show another peak during 12.00 PM to 14.00 PM which is the
lunch hour as well as the time for breaking of school. These periods generally see the
highest traffic volumes in a day. It is also observed that from 20.00 PM at night to 4.00 AM

in the morning, the suburban
intersection 25 accidents show a
gradual rise. - This is the time
when the long r ©r . route heavy
vehicles ply on 15 the road.
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Figure 4: Time distribution of accidents

5.4 Light Conditions

In case of both type of intersections, the majority of crashes (more than 50%) occurred
during daylight conditions, 10% occurred during dawn, and the rest occurred in “Dark (Lit)"”
condition where the road was illuminated by lights. The suburban intersections showed
higher number of nighttime accidents when the street lights were on (36%) than the
suburban intersections. One striking finding from the table (Table 3 & 4) is that although
only 36 percent of suburban accidents occur during the night lit condition, 47 percent of
those accidents are fatal. The hurriedness of the heavy vehicle drivers during the night hours
as well as the fatigue may be the major reasons behind it.

Table 3: Accident Severity Distribution by Lighting Condition for Sub-urban Intersections

Fatal Grievous Simple Collision Total

No % No % No % No % No %

Day 13 23.64 24 4364 6 10.91 12 21.82 55 100.00
36.11 63.16 75 63.16 54.46

Dawn 6 60.00 3 30.00 1 10.00 0 0.00 10 100
16.67 7.89 12.5 0.00 9.90

N Lit 17  47.22 11 3056 1 2.78 7 19.44 36 100.00
47.22 28.95 12.5 36.84 35.64

Total 36 35.64 38 3762 8 7.92 19 18.81 101 100.00
100 100 100 100 100

Table 4: Accident Severity Distribution by Lighting Condition for Urban Intersections

Fatal Grievous Simple Collision Total
No % No % No % No % No %
Day 23  25.84 39 43.82 4 4.49 23 25.84 89 100
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69.70 58.21 50 60.53 60.96
Dawn 3 20.00 8 22.86 1 2.86 3 8.57 35 100
9.09 11.94 12.5 7.89 23.97
N Lit 7 16.67 20 47.62 3 7.14 12 28.57 42 100
21.21 29.85 37.5 31.58 28.77
Total 33 22.60 67 45.89 8 5.48 38 26.03 146 100.00
100 100 100 100 100

5.5 Casualty Class and Injury

The distribution of the result of accidents, i.e. whether the accidents are fatal or involve
injury is shown in Table 5. It shows that accidents on suburban intersections tend to result in
more fatalities (rate=52.17; mean=25.46) than urban intersection accidents. However,
injuries tend to have a higher proportion at urban intersections (rate=60.7) than suburban
intersections.

Table 5: Distribution of Casualty Injury by Casualty Class for Urban Intersections

Fatality Grievous Injury Simple Injury Total
No % No % No % No %
Pedestrian 19 36.54 31 59.62 2 3.85 52 100.00
57.58 30.69 9.09 33.33
NMT 7 21.21 26 78.79 0 0.00 33 100.00
21.21 25.74 0.00 21.15
M/cycle 0 0.00 7 87.50 1 12.50 8 100.00
0.00 6.93 4.55 5.13
Three Wheeler 4 21.05 15 78.95 0 0.00 19 100.00
12.12 14.85 0.00 12.18
Bus 3 21.43 9 64.29 2 14.29 14 100.00
9.09 8.91 9.09 8.97
Light Vehicle 0 0.00 12 46.15 14 53.85 26 100.00
0.00 11.88 63.64 16.67
Truck 0 0.00 1 25.00 3 75.00 4 100.00
0.00 0.99 13.64 2.56
Total 33 21.15 101 64.74 22 14.10 156  100.00
100.00 100.00 100.00 100.00
5.6 Casualty Age

A total of 271 persons either died or sustained different degrees of injuries from the 247
accidents occurred on these intersections. The majority of the victims were male (85%)
which is not unexpected as males are more exposed to the traffic than females (Figure 6).
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Out of 271 victims during the study period, age is reported of only of 185 victims (68%).
More than 30% of age data of victims were missing. Non-availability of such data clearly
hinders the proper characterization of the victims by their age group. It was observed that
more than 70% casualties comprised of the age group 16-40 years. This indicates how much
burden road traffic injuries impose on the lives of people by claiming the most productive
years of human lives.
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Figure 5: Age Distribution of Victims

5.7 Vehicle Type

From the vehicle type distribution (Figure 7) it was evident that for urban and suburban
intersection accidents, buses and trucks were the main contributors (50%) followed by cars,
Three Wheelers (Locally developed Baby taxis and Tempos). Surprisingly, non-motorized
transports (NMTs) were found to be involved almost 10% of accidents, although NMT is
banned on the major roadway as part of the implementation of the demonstration project.
Field observations revealed that NMTs were allowed to use the minor roads. So they might
be involved in accidents either while crossing the junction or taking turn from the designated
frontage road.

100
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Figure 6: Distribution of Accidents by Vehicle Types

5.8 Pedestrian Safety Situation at Intersections

The injury distribution of pedestrians for both the urban and suburban intersections (Table
6). Out of the 271 casualties 93 (34%) were pedestrians resulting from 78 hit-pedestrian
collisions. As can be seen from the table, 59 percent of the total pedestrian fatalities
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occurred in the suburban intersections which represent only 44 percent of the total
pedestrian injuries. At urban intersections hit-pedestrian collision resulted in more injuries
(60% grievous and 4% simple injuries) than fatalities. The findings emphasize the need for
providing better pedestrian facilities at the suburban intersections to ensure their safety.
Majority of these fatalities occurred whilst the pedestrians were crossing the road (49%) or
walking on the edge (32%).

Table 6: Injury Distribution of Pedestrians

Fatality Grievous Simple Total
Intersection injury injury

No % No % No % No %
Urban 19 3654 31 5962 2 385 52 100
Intersections 41.30 72.09 50 55.91
Suburban 27 65.85 12 2927 2 488 41 100
Intersections 58.70 27.91 50 44,09

46 49.46 43 4624 4 430 93 100
Total

100 100 100 100

5.9 Accident by Locations

The severity distribution of accidents on links and at intersections is shown in Table 7. It can
be seen that the accidents are approximately equally divided into intersections and links.
However, different distribution for intersection/link accidents exists for different areas. It was
observed that a higher percentage (54%) of link accidents occurred in the suburban areas
whereas the greatest percentage (69%) of accidents occurred at intersections in the urban
areas.

Table 7: Distribution of Accident Severity by Locations

Fatal Grievous Simple Collision Total
No % No % No % No % No %
Link 25 3731 31 46.27 6 8.96 5 7.46 67 100
inks
17.24 17.61 21.43 5.88 15.44
Urban
) 33 2260 67 4589 8 548 38 26.03 146 100
Intersections
22.76 38.07 28.57 44,71 33.64
Link 51 4250 40 3333 6 500 23 19.17 120 100
inks
35.17 22.73 21.43 27.06 27.65
Suburban
) 36 3564 38 3762 8 792 19 18.81 101 100
Intersections
24.83 21.59 28.57 22.35 23.27
Total 145 3341 176 4055 28 6.45 85 19.59 434 100
ota
100 100 100 100 100




6. Limitations of the Study

It was not possible to draw the collision diagrams for the high accident locations due to lack
of sketches of accident locations in the accident report forms and other factual information.
Also the exposure data (traffic volume, veh-km travel), an important piece of information for
safety related studies, was not available for the study. So the effects of these factors on
accidents could not be investigated. The lack of suitable data is a critical problem for the
safety researchers, not only in Bangladesh but in all the developing countries (Jacobs and
Sayer, 1983). Also, it is very difficult to get a comprehensive picture from police reports with
respect to identification of accident locations. Thus, the study recommends strongly that the
Police Department properly identify accident locations as directed in the accident report that
they use. It can be said that this study does not examine in depth the characteristics of
urban and suburban intersection related accidents because of data problems, yet it might be
considered a launching point for any further studies in this area.

7. Conclusions and Recommendations

A total of 467 police-reported traffic accidents that occurred in Mirpur Road were
investigated in this study. The goal was to examine the characteristics of accidents by
categorizing the arterial intersections into two major groups (i.e. urban intersections and
suburban intersections) so that remedies could be sought or future research could be
suggested.

It was observed from the studies that rear-end accidents were the most frequent occurring
accident types at the urban intersections. Because signalized intersections are accident prone
areas for rear end accidents (Yan et al., 2005), in order to develop effective rear-end
accident countermeasures, it is important to understand the driver characteristics, vehicle
types and road environment features of rear-end accidents. Corresponding to the adverse
road environment factors, appropriate engineering countermeasures need to be considered
to reduce the rear-end accident rate. From the perspective of the intersection design and
operation, improvement of configuration conditions may contribute to reducing reaction and
stopping times, eliminating motorist confusion and improving visibility of traffic control
devices. Advanced warning signs may also be installed upstream at the intersection. This
may reduce sudden stop behavior because of insufficient reaction time due to a signal
change.

An education program/campaign to emphasize the risks at signalized intersections is strongly
suggested for all age group of drivers. Use of skid resistance pavements on approach to
intersections and install fully control right turns as and when appropriate. Since many
accident types involve driver misjudgment of the existence and/or location of the
intersection, the use of differently coloured and/or textured pavements on approaches to
intersections with a high crash frequency is suggested as a possibility worthy of
consideration. This measure would improve recognition of the signalized intersection ahead.
Remodeling of intersection signal phasing with provision for exclusive right turning phase
should be done as and when appropriate.

Majority of the fatal and injurious accidents involved a pedestrian, indicating the need for
protecting pedestrians in such busy intersections. Majority of pedestrian accidents occur at
suburban intersections rather than at urban intersections. This result indicate the need for a
improving the pedestrian crossing facilities on such areas. It is recommended that a separate
signal phase should be provided (all red for pedestrian) with high visibility zebra crossing and
diagonal crossing pavement marking.

The analysis of accident causes in this study indicates that improper driver behavior is
responsible for the majority of traffic accidents in intersections. Excess speed followed by
careless driving are the predominant accident causes. This result indicates that traditional
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police enforcement is insufficient to ensure compliance with traffic rules and abidance of the
traffic signal regulations.

Future studies on this subject should relate crash occurrence to geometric features and
traffic characteristics in order to closely examine factors contributing to accidents. In
addition, a future study is needed to investigate the effect of signal timing on accident
involvement and the safety situation at the intersections used in this study. Although pre-
timed signal operation is the common type in Dhaka city, the investigation might include the
effects of timing plans during peak and off-peak hours and signal sequences.

Lastly it is worth mentioning that the analyses in this paper pertain to identifying the
significant characteristics and comparing relative accident involvements between urban and
suburban intersections with varying traffic conditions. It is hoped that these anlyses may
provide a better understanding of the accident scenario of the intersections of Mirpur Road
and more information to seek effective accident countermeasures.
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