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ABSTRACT

The Dhaka-Aricha highway plays a vital role in interregional road
transport in Bangladesh.  In the past, this highway was considered as
a man-made death trap owing to the frequency of fatal accidents.  With
accident reduction as one of the chief objectives, a major rehabilitation of
the highway, including safety improvements at three black-spot areas, was
undertaken during the period 1995-2002.

An attempt has been made in this paper to evaluate the effectiveness
of safety improvement measures.  Their effectiveness was evaluated by
applying the “before-after” and “control-site” methods.  Findings from the
analyses suggest that safety improvement measures were very effective in
reducing the frequency as well as the severity of accidents.  In economic
terms, the estimated benefits from accident savings far outweighed the
investment costs of safety improvements.

Keywords: Road safety in Bangladesh, effectiveness of safety improvement,
block-spot safety improvement, cost-effectiveness of safety
improvement.

INTRODUCTION

Road accident is an issue of ever growing concern in Bangladesh as
the road safety problem in the country is very serious by international
standards.  The national trend of police reported road accidents, fatalities and
injuries for the period 1993-2000 in Bangladesh is presented in table 1.  It also
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includes the fatality rate per 10,000 motor vehicles on the road.  It is clear that
the number of fatalities has been rapidly increasing particularly in recent years.
The number of fatalities increased from 1,495 in 1993 to 4,046 in 2000, nearly
a threefold increase in a span of eight years.

The above statistics reveal that the fatality rate of road accidents in
Bangladesh is very high, with about 160 deaths per 10,000 motor vehicles as
compared with the rates of 2 in the United States of America and 1.4 in the
United Kingdom of Great Britain and Northern Ireland.  Together with the social
impact in terms of pain, grief and suffering, road accidents appear to impose
a serious economic burden on the country.  At current prices, road accidents in
Bangladesh cost the country about taka 40,000 million (about 2 per cent of
GDP) per annum.  Nearly 70-80 per cent of accidents occur on highways and
rural roads and 70 per cent of the victims are pedestrians (Hoque, et al., 2003).
The staggering human and economic cost figures indicate the gravity of the
road accident problem in the country and the need for urgent remedial
measures.

Despite the recurrence of fatal accidents on roads in Bangladesh, until
very recently road safety did not attract as much attention as it deserved from
concerned authorities.  However, during the period 1995-1999, with the
financial assistance of Denmark, major rehabilitation work was completed on
a 61-km segment of the highway from Aricha Ferry Ghat to Savar at a cost of
US$ 43 million.  Accident reduction was one of the chief objectives of this major
rehabilitation work.  In addition, under the Jamuna Bridge Access Road Project
(JBARP), a 14.4-km segment of the same highway from Aminbazar to Savar
was widened from a single to a dual carriageway road with a median barrier to

Table 1.  Police reported road accidents in Bangladesh (1993-2000)

No. of No. of No. of Total
Fatalities/

Year
accidents fatalities injuries casualties

 10,000
vehicles

1993 3 140 1 495 2 409 3 904 122.1

1994 3 013 1 597 2 686 4 283 107.1

1995 3 346 1 653 2 864 4 517 110.1

1996 3 727 2 041 3 310 5 342 112.1

1997 5 453 3 162 5 076 8 238 138.2

1998 4 769 3 085 3 997 7 082 128.1

1999 3 942 3 314 2 620 5 934 140.4

2000 3 970 4 046 2 270 6 316 162.9
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enhance road safety and accommodate increasing traffic at a cost of
approximately US$ 16.5 million (JBARP Contract Agreement Document, Roads
and Highways Department, 1997).  In 1999, as a part of the nationwide safety
initiative, 27 black spots were identified by RHD using accident data as reported
by police, of which 10 were selected for immediate improvement.  Three of
those were located along the Dhaka-Aricha highway and were improved under
the above-mentioned JBARP.

The improvement measures included pavement widening, installation
of a median barrier and other safety-related features.  They were implemented
on the basis of the recommendations of various government and research
organizations and donor agencies involved in the two projects.  Unfortunately,
no government or donor agencies involved have made any attempt so far to
monitor or evaluate the effectiveness of the implemented safety measures in
improving road safety.  Also, cost-benefit analyses of such works are
conspicuously missing and need be conducted very urgently.  It is high time
that the effectiveness of the improvement measures are evaluated and
investigated in order to develop future strategies and policies to combat the
overall accident problem in the country.

In this study an attempt has been made to evaluate the effectiveness of
the safety improvement measures undertaken in three black-spot areas and two
sections of the highway during the period 1995-2002.  Data for such evaluations
were collected both “before” and “after” the implementation of the safety
improvement works.  Accident data were directly retrieved from the police
records such as the First Information Report and Crime Index Register as well
as from the Hospital Road Traffic Accident register and Road Safety Cell for
verification purposes.

The performance evaluation of safety measures was conducted by
applying the “before-after” technique and control-site method.  An economic
assessment of black-spot improvement works was also carried out to examine
the effectiveness of investments in such improvement measures.  Finally,
recommendations are made based on the findings of the study which may help
to implement safety improvement measures for other highways more effectively
in the future.
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I.  ROAD SAFETY SITUATION OF THE
DHAKA-ARICHA HIGHWAY

The study area envisaged a total length of 75.4 km along the
Dhaka-Aricha highway, starting from the 11.9 km reference point at Aminbazar
Bridge to 87.3 km at Aricha Ferry Ghat.  It is a very important segment of the
national highway network, linking the capital city, Dhaka, with the ferry routes at
Aricha.  It serves as a main connection to western and southwestern
Bangladesh.  This highway is also a part of the Asian Highway Route AH1.  Built
in 1960, it passes through six upazilas or subdistricts, namely Savar, Dhamrai,
Saturia, Manikganj, Ghior and Shibalaya of Dhaka and Manikganj districts.  The
yearly number of accidents on this highway between 1982 and 2003 are
presented in figure 1.  It is evident from figure 1 that over this period, while total
accidents per year have doubled, fatal accidents per year have increased more
than sevenfold.  Figure 1 also shows that the rate of increase was very
significant before 1995.  After 1995, by and large a declining trend is shown for
both total accidents and fatalities.

Figure 1.  Yearly accident statistics along the Dhaka-Aricha highway
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When compared with the national accident figures presented in table 1,
the total accidents and fatalities occurring on the Dhaka-Aricha highway in 1993
were 5.5 per cent and 5.2 per cent of the total national accidents and
fatalities respectively.  The corresponding figures for 2000 were 2.9 per cent and
2.5 per cent.
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II.  BEFORE-AFTER ANALYSIS OF THREE BLACK SPOTS

In 1999, 27 black-spot areas were identified nationwide by RHD (RHD,
1999 and 2000) using the accident database as reported by police, of which,
10 were selected for immediate improvement.  Three of these selected
10 black-spot areas are located along the Dhaka-Aricha highway, namely the
Balitha area, which is also known as Bethuli Bazaar (km 50.7-52.0), the second
Golara bridge area (km 56.0-56.7) and the Golara area (km 57.2-57.7).  These
locations are shown in figure 2.

Figure 2.  Location of treated black-spot sites
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All three black spots are located on the Savar-Aricha segment of the
highway.  As previously mentioned, the black spots were improved under the
Jamuna Bridge Access Road Project.  The project commenced in 2001 and was
completed in June 2002.  In this analysis the 1996-1998 period is considered as
the “before period” while the “after period” comprises one-year data from June
2002 to June 2003.  The following sections provide details on the improvement
measures undertaken in these black-spot areas.

A.  Treated black-spot site 1:  Balitha/Bethuli area
(km 50.7-52.0)

Brief description of the treated site

Balitha area, which is also known as Bethuli Bazaar or Ballya to the
local people, is located on a curve.  It includes an unsignalized staggered-T
intersection.  The pavement in this section is a 6.5 m wide single carriageway
with 2.5-5.0 m wide paved and 2.0-2.5 m wide earthen shoulder on each side.
The height of the embankment varies from 1.5 to 4 m.

Improvement measures undertaken

The major improvement measures included the widening of the
carriageway along with alignment correction, construction of bus bays,
installation of concrete guard posts, warning gates with speed reducing signs at
both entry and exit points, etc.

Observations

The before-after analysis as presented in table 2 reveals that in the
Balitha area significant improvement in accident reduction has taken place
owing to the improvement works undertaken.  It can be seen that in this area
the total number of accidents has reduced by 68.42 per cent.  A close
observation of the table also reveals that during the “after” observation period
grievous, property damage and simple types of accidents were eliminated and
fatal accidents were reduced by about 33 per cent.

In relation to accident patterns the data in table 2 disclose that
head-on, hit-object and rear-end collisions were eliminated and pedestrian
accidents were reduced by 25 per cent.  However, the overturning type of
accident was found to have increased by 50 per cent.  As only a one-year “after
period” is considered in this analysis, continuous monitoring is required to arrive
at definite conclusions.  Nevertheless, it can be inferred from the analysis that
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safety measures undertaken proved to be quite effective in reducing accidents,
especially in eliminating head-on collisions.  During field visits, it was observed
that although a speed limit sign was installed, it was generally ignored and often
violated especially by the through traffic.  Buses hardly used the bus lay-bys;
instead they continued to stop on the carriageway, which was highly
undesirable.  Newly constructed bus sheds were already damaged and the road
shoulders were used for drying paddy.

Table 2.  Before-after analysis of Balitha/Bethuli area (black-spot site 1)

Before period After period
(1996-1998)  (June 2002 - June 2003)

Total
Average/

Total
Average/

year year

Based on severity

Fatal 9 3.00 2 2 -33.33

Grievous 7 2.33 0 0 -100.00

Simple 1 0.33 0 0 -100.00

Property damage 2 0.67 0 0 -100.00

Total 19 6.33 2 2 -68.42

Based on collision type

Pedestrian 4 1.33 1 1 -25.00

Head-on 2 0.67 0 0 -100.00

Hit object 3 1.00 0 0 -100.00

Overturn 2 0.67 1 1 -50.00

Unidentified 8 2.67 0 0 -100.00

Total 19 6.33 2 2 -68.42

Notes: Fatal – An accident in which one or more persons are killed outright on the spot
is called a fatal accident.

Grievous – An accident in which a person has received injuries, such as
fractures, concussions, internal lesions, crushing, severe cuts and lacerations
and severe general shock, requiring medical treatment and detention in hospital.

Simple – An accident in which a person sustained injuries but need not be
admitted to hospital.  It can also include an accident victim who sustained
injuries and was treated in hospital but not detained overnight.

Property damage – A property damage type accident is when motor vehicles
hit a pedestrian, another vehicle in traffic, a parked vehicle, an animal, a fixed
object, etc.

The figures were rounded to two places after the decimal, and as such they may
not sum up to the totals shown in the table.

Change of
accident
(per cent)

Basis of
comparison
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B.  Treated black-spot site 2:  second Golara bridge area
(km 56.0-56.7)

Brief description of the treated site

The area includes a bridge with sharp bends and vertical curves.  At
times it is difficult to see the bends from both directions which restricts available
sight distance especially at night.  The pavement in this section has two lanes,
6.5-m in width and a smooth non-skid surface.  The embankment height varies
from 3 to 4.5 m.  The average shoulder width ranges between 1.5-2.5 m paved
and 1.0-1.5 m earthen on each side.  The bridge width is less than the approach
width of the pavement.

Improvement measures undertaken

The major improvement works undertaken at this site included
widening of the pavement and the embankment in conjunction with alignment
correction, installation of pavement markings and signs and safety guard posts
at the bridge approaches.

Observations

From table 3 it is evident that significant improvement had taken place
in accident reduction owing to the improvement works.  At this black spot, the
total number of accidents decreased by 66.67 per cent.  Based on severity, the
grievous, property damage and simple types of accidents were totally
eliminated and fatal accidents were reduced by 62.5 per cent.  Regarding
accident patterns, head-on, hit-object, overturning and unidentified collisions
were eliminated and pedestrian accidents were reduced by 40 per cent.

C.  Treated black-spot site 3:  Golara area
(km 57.2-57.7)

Brief description of the treated site

The Golara area is located on a sharp curve.  The area includes
a T-type unsignalized major-minor intersection.  There are two bridges within
this area on the eastern and western sides at the entry/exit points to this
section.  The pavement in this section has two lanes, 7.0-m in width, and
a smooth non-skid surface.  The height of embankment varies between 3.0 and
5.0 m.  The average shoulder width ranges from 2.0 to 3.5 m paved and from
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1.5 to 2.5 m earthen on each side.  There are a few big trees near the shoulder.
On the southern side of the embankment there is a deep ditch with a very steep
slope.

Improvement measures undertaken

The major improvement measures included widening of the pavement
and the embankment in conjunction with the correction of the alignment,
construction of a retaining wall, bus-bays, passenger sheds, provision of
separate lanes for non-motorized and motorized traffic on the bridge on the
eastern side, installation of signs, roadway markings, and improvement of
intersections.

Observations

The before-after accident analysis of the Golara area is presented in
table 4.  The analysis of the data reveals that fatal accidents in this area had
decreased by 57.14 per cent, while grievous accidents had increased fivefold
resulting in almost doubling the total number of accidents.  From the accident

Table 3.  Before-after analysis of the second Golara bridge area
(black-spot site 2)

Before period After period
(1996-1998)  (June 2002 - June 2003)

Total
Average/

Total
Average/

year year

Based on severity

Fatal 8 2.67 1 1 -62.5

Grievous 1 0.33 0 0 -100.00

Simple 0 0 0.00

Total 9 3.00 1 1 -66.67

Based on collision type

Pedestrian 5 1.67 1 1 -40.00

Head-on 1 0.33 0 0 -100.00

Hit object 2 0.67 0 0 -100.00

Overturn 1 0.33 0 0 -100.00

Total 9 3.00 1 1 -66.67

Note: Definitions of severity types are provided in table 2.

Change of
accident
(per cent)

Basis of
comparison
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pattern data it can also be seen that after the improvement works, the
hit-pedestrian and head-on types of accidents had increased threefold.
Nevertheless, overturning, sideswipe and rear-end collisions had been totally
eliminated.

During field visits at this location, intense roadside non-motorized
activities were observed on both sides of the road owning to the presence of
vendors, shops, mosque, offices, etc.  Most importantly, a primary school is
located near the road, requiring the children to cross the busy road.  No speed
calming device or pedestrian refuge could be found.

Change of
accident
(per cent)

Basis of
comparison

Table 4.  Before-after analysis of Golara area (black-spot site 3)

Before period After period
(1996-1998)  (June 2002 - June 2003)

Total
Average/

Total
Average/

year year

Based on severity

Fatal 7 2.33 3 3 -57.14

Grievous 2 0.67 4 4 500.00

Simple 1 0.33 0 0 -100.00

Total 10 3.33 7 7 110.00

Based on collision type

Pedestrian 4 1.33 3 3 125.00

Head-on 2 0.67 3 3 350.00

Hit object 1 0.33 0 0 -100.00

Overturn 1 0.33 0 0 -100.00

Sideswipe 1 0.33 0 0 -100.00

Rear end 1 0.33 0 0 -100.00

Dropped from bus 0 0.00 1 1 100.00

Unidentified 1 0.33 0 0 -100.00

Total 11 3.67 7 7 110.00

Notes: Definitions of severity types are provided in table 2.
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III.  BEFORE-AFTER ANALYSIS OF TWO SELECTED
HIGHWAY SEGMENTS

A.  Aminbazar-Savar section
(selected segment 1; km 11.9-26.3)

With the assistance of the Asian Development Bank, this section of the
Dhaka-Aricha highway was rehabilitated under JBARP.  Improvement of road
safety along this corridor was one of the major objectives of this project.  The
most important safety measures in this area included modifying the two-lane
undivided carriageway road into a four-lane divided carriageway road, median
barrier, embankment widening and correction of alignment geometrics.  The
construction started in November 1997 and was completed in December 2000.

For the before-after analysis, the three-year period between 1995 and
1997 was the before period and the two-and-a-half year period between
January 2001 and June 2003 was the after period.  Data related to the
before-after analysis are presented in table 5.  It can be seen that the total
number of accidents, grievous accidents and property damage had decreased
by 10.0 per cent, 36 per cent and 20.0 per cent, respectively, while fatal
accidents unexpectedly had increased by 9.6 per cent.

On close observation of the data it was found that pedestrian fatality
had increased significantly.  Accident patterns show that head-on collisions,
previously the most fatal type of accidents, were reduced by almost 60 per cent
and unidentified types of accidents were also dramatically reduced by 93 per
cent.  On the other hand, rear-end and sideswipe accidents unusually increased
by nine- and eight-fold, respectively, and hit-pedestrians and overturning
accidents increased by 170 per cent and 80 per cent, respectively.  Another
important feature noticed was that two completely new forms of accidents,
namely hit-island and right-angle collisions had emerged after implementation
of the improvement works.  This could be owing to the fact that median
openings were provided without any protection for right turning vehicles.
During field visits it was observed that in the absence of flaring or any protective
refuge, the right turning vehicles needed to wait on the fast lane of the
carriageway before making the turn, which was undesirable for such a high
standard divided road.

The significant reduction of head-on collisions suggests that the
median was very effective in reducing this type of accident.  Although it was
expected that no head-on collisions would occur on a four-lane divided
highway, it can be observed that this type of accident was still taking place.
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Field observations revealed that the installation of a continuous median had
prompted local truck drivers, particularly those engaged in roadside brick fields
and earth filling activities, to take a shortcut by using the wrong side of the road
to avoid taking a detour.  This type of contra-flow in a divided road often
surprised the oncoming drivers and lead to unexpected head-on collisions.
This grim picture definitely suggests that there is a need for strong enforcement
in the form of highway police patrolling to catch and punish violators and to
establish disciplined traffic movements and thereby improve overall safety.
Moreover, it was also observed that the low height mountable median was
contributing to many overturning accidents.

In consideration of the long implementation period of the project,
an assessment of the performance evaluation of overall improvement works
was made by taking account of the real use of the highway in terms of
vehicle-kilometre (veh-km), which is a widely accepted practice in comparing

Table 5.  Before-after analysis of the Aminbazar-Savar section
(selected segment 1)

Before Period (1995-1997) After period (January 2001 - June 2003)

Total
Average/ Accident/ Total Average/ Acc/km/ Change

year km/year No. year year (per cent)

Based on severity

Fatal 81 27.0 1.9 74 29.6 2.06 9.6

Grievous 32 10.7 0.7 17 6.8 0.47 -36.3

Simple 10 3.3 0.2 2 0.8 0.06 76.0

Property damage 9 3.0 0.2 6 2.4 0.17 -20.0

Based on collision type

Pedestrian 20 6.7 0.5 45 18.0 1.25 170

Head-on 3 1.0 0.1 1 0.4 0.03 -60

Hit island 0 0.0 0.0 2 0.8 0.06 200

Hit object 0 0.0 0.0 1 0.4 0.03 100

Hit parked vehicle 0 0.0 0.0 1 0.4 0.03 100

Overturn 2 0.7 0.05 3 1.2 0.08 80.0

Sideswipe 1 0.4 0.03 8 3.2 0.22 850

Rear end 3 1.0 0.08 26 10.4 0.72 940

Dropped from bus 0 0.0 0.0 2 0.8 0.06 100

Right angle 0 0.0 0.0 4 1.6 0.11 400

Unidentified 103 34.6 2.45 6 2.4 0.17 -93.1

Total 132 44.0 3.12 99 39.6 2.75 -10.0

Note: Definitions of severity types are provided in table 2.

Basis of
comparison
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before-after data on an equal basis.  Accident rates in terms of accidents per
100 million veh-km are presented in table 6 and graphically depicted in figure 3.

In this study the average daily traffic (ADT) was estimated for the entire
observation period based on the Road Material Standard Study (RHD, 1995)
and Roads and Highways Department traffic flow database for 1996-1998 and
2003.  From the estimated growth rates it is found that there was an increase of
9.5 per cent per year in traffic flow during the 1990-1998 period.  However, in
the two years following the opening of the Jamuna Bridge in 1998, nearly
10.3 per cent of traffic was diverted from the Dhaka-Aricha segment of the
highway to the newly opened alternative high standard Jamuna Bridge corridor.
This decline in traffic growth on the Dhaka-Aricha highway halted after 2000 and
has since started to increase at an annual rate of nearly 9 per cent.  The details
of ADT estimation can be found in Muniruzzaman (2004).

As can be seen from table 6, the total number of accidents had
decreased by 19.2 per cent after implementation of the improvement works.
The recurrence of fatal accidents showed more encouraging results than that
shown in table 5.  There was no increase in fatal accidents despite a 9.6 per
cent increase annual traffic volume.

Table 6. Change of accident rates along the Aminbazar-Savar section
(selected segment 1)

1995 51 82.3 39.2

1996 50.6 112.6 85.0 75.1 52.1

1997 54.8 60.2 41.9

1998 48.8 57.3 32.8

1999 50.3 45.7 57.8 -19.2 35.8 44.4 0

2000 51.1 70.5 64.6

2001 54.1 77.6 55.5

2002 58.2 77.3 68.7 53.2 52.2

2003 62.7 51.1 47.9
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1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Motorized veh-km Fatality rate/100 million veh-km

Accident rate/100 million veh-km Fatal accident rate/100 million veh-km

 

B.  Savar-Aricha section (selected segment 2; km 26.0-87.0)

With the assistance of the Government of Denmark, about 61.0 km of
the highway from Savar Bazaar (26.0 km) to Aricha (87.0 km) was rehabilitated.
The project included 48.90 km of pavement construction, 12.10 km of overlay,
repair/construction of bridges and culverts, and installation of safety features.
One of the major objectives of the project was to reduce the incidence of
accidents.  Though the process started in 1991, actual construction work
started in 1995 and was completed in 1999.  Salient safety features of the
project included provision of road signs, pavement markings, kilometreage and
guard posts, repair of shoulders, correction of alignment geometrics, provision
of crash barriers and footways/verges, approach slabs and protective works for
bridge/roads.

This portion of the highway is a single carriageway.  The widths of the
pavement and shoulder vary between 6.5 and 7.0 m and 1.0 and 1.5 m,
respectively.  The height of the embankment is 2-6 m.  The results of the
before-after accident analysis of this area are presented in table 7.  As may be

Figure 3.  Accident rate in vehicle-km travel for the Aminbazar-Savar
segment (km reference, 11.9-26.3, JBARP)
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Table 7.  Before-after accident analysis of Savar-Aricha section
(selected segment 2)

Before Period After period
(1990-1995) (April 1999 - June 2003)

Total
Average/ Rate/

Total
Average/ Rate/

year year/km year year/km

Severity

Fatal 337 56.17 0.92 157 36.94 0.60 -34.23

Grievous 227 37.83 0.62 54 12.71 0.21 -66.42

Simple 51 8.50 0.14 26 6.12 0.10 -28.03

Property damage 17 2.83 0.05 6 1.41 0.02 -50.17

Total 632 105.33 1.72 243 57.18 0.93 -45.72

Collision type

Pedestrian 214 35.67 0.58 97 22.82 0.37 -36.01

Head-on 57 9.50 0.15 33 7.76 0.13 -18.27

Hit object 20 3.33 0.05 11 2.59 0.04 -22.35

Overturn 40 6.67 0.11 7 1.65 0.03 -75.29

Sideswipe 7 1.17 0.02 9 2.12 0.03 81.51

Rear end 22 3.67 0.06 30 7.06 0.12 92.51

Dropped from bus 2 0.33 0.01 1 0.24 0.00 -29.41

Unidentified 270 45.00 0.73 55 12.94 0.21 -71.24

Total 632 105.33 1.72 243 57.18 0.93 -45.72

Note: Definitions of severity types are provided in table 2.

The figures were rounded to two places after the decimal, and as such they may
not sum up to the totals shown in the table.

Basis of
comparison

Change/
km/year

(per cent)

seen, the accident situation along this segment of the highway has shown
marked improvement after implementation of the project.  The total number of
accidents and fatal accidents were reduced by 45.72 per cent and 34.23 per
cent, respectively.  In terms of accident patterns, over turning, hit-pedestrian,
hit-object and head-on collisions were drastically reduced by 75.29 per cent,
36 per cent, 22.35 per cent and 18.27 per cent, respectively.

The significant improvement in the accident situation clearly indicates
that the improvements of roadway geometric and operating conditions
undertaken in this segment were very effective in reducing these types of
accidents.  Although rear-end and sideswipe collisions showed significant
increases in percentage terms, this was due to the very low number of these
types of accidents in the before period.  Their increases in terms of absolute
numbers were not of much significance.
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IV.  EVALUATION OF BLACK-SPOT IMPROVEMENT
MEASURES USING CONTROL-SITE TECHNIQUE

One of the popular and useful methods of evaluation is to compare the
accidents of treated sites with other sites of similar geometrics and traffic
conditions, where no such improvement has been made.  Such sites are known
as control sites.  In this study those sites which satisfied the following criteria
were selected:

(a) Similarity in general characteristics (network configuration,
geometry, land use, enforcement);

(b) Geographical closeness and one treated site must have two
control sites;

(c) Equivalent traffic flow;

(d) Unaffected by treatment at test site;

(e) Not treated within the designated before-after period;

(f) Availability of accident data.

In consideration of the above-mentioned criteria, the Shrirampur area
(control site 1), Barbaria area (control site 2) and Jagir area (control sites 3) were
selected as control sites, as illustrated in figure 4.  It can be seen that the
treated and control sites are on the same stretch of highway and the treated
sites are the same black spots referred to earlier.  Comparisons of accidents
at these control sites and those at treated sites are presented in tables 8
through 10.

Table 8.  Comparison of before-after results for treated
site 1 using control sites

Accident type
Treated site 1 Control site 1 Control site 2

(per cent) (per cent) (per cent)

Fatal -33.33 57.14 120.00

Grievous -100.00 -100.00 -100.00

Simple -100.00 -100.00 0.00

Property damage -100.00 -100.00 0.00

Total -68.42 -35.29 37.50

Note: Definitions of accident types are provided in table 2.
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Figure 4.  Accident pin diagram for treated and control sites
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Data presented in table 8 reveal that at treated site 1 fatal and total
accidents had decreased by 33.33 per cent and 68.42 per cent, respectively,
whereas at control sites 1 and 2 fatal accidents had increased by 57.1 per cent
and 120 per cent, respectively.  Total accidents at control site 2 had increased
by 37.5 per cent and at control site 1 had decreased by 35.29 per cent, but this
decrease was much lower than the corresponding decrease at the treated site
(68.42 per cent).  Critical observations suggest that safety improvements at
treated site 1 were apparently very effective in reducing accidents both in terms
of their frequency and severity.

Table 9.  Comparison of before-after results for treated
site 2 using control sites

Accident type
Treated site 2 Control site 2 Control site 3

(per cent) (per cent) (per cent)

Fatal -62.50 120.00 -50.00

Grievous -100.00 -100.00 200.00

Simple 0.00 0.00 0.00

Property damage 0.00 0.00 0.00

Total -66.67 37.50 -14.29

Note: Definitions of accident types are provided in table 2.

Data in table 9 show that total accidents at treated site 2 had reduced
66.67 per cent.  Compared with this, total accidents at control site-2 increased
37.5 per cent whereas at control site 3 decreased at a much lower rate of
14.29 per cent.  It can also be seen from the table that fatal accidents at treated
site 2 had decreased by 62.5 per cent though the corresponding figure for
control site 2 had increased by 120 per cent.  However, at control site 3 fatal
accidents decreased by 50 per cent.  These statistics imply that safety
improvements at treated site 2 were apparently effective in reducing accidents
compared with untreated sites both in terms of accident frequency and severity.

Table 10 shows that total accidents at treated site 3 had increased by
110 per cent whereas at control site 2 they had increased 37.5 per cent but
decreased by 14.29 per cent at control site 3.  The table also shows that at
treated site 3 fatal accidents had increased by 28.57 per cent, whereas the
same for control site 2 increased by 120 per cent but for control site-3
decreased by 50 per cent.  Table 10 shows that at treated site 3, both total and
fatal accidents had increased.  Although the same negative trend can be
noticed at control site 2, this was not the case at control site 3.  This implies
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that safety improvement measures at treated site 3 apparently do not indicate
any encouraging results in relation to the situation at untreated control sites.

From the above, it is evident that safety improvement measures were
very effective in accident reduction at treated sites 1 and 2 but were less at
treated site 3 when accident situations at their respective control sites are taken
into consideration.

V.  ECONOMIC EVALUATION OF THE
SAFETY MEASURES

In order to examine the justification of relatively large investment
requirements for the safety improvement works, economic returns were
estimated by quantifying the gains in accident reduction in terms of their
economic value.  In this study, the before-after costs of accidents as well as the
total economic losses due to accidents which occurred along this segment of
highway during the whole analysis period were calculated.  The cost
estimations were based on the average costs of accidents in Bangladesh as
developed by the World Bank (IDC, 1998).  The unit costs for each type of road
traffic accident are shown in table 11.  More details of costing can be found in
Muniruzzaman (2004).

The results of the estimated economic benefits presented in table 12
show that, for the first year, accident savings in percentage of investment for
Balitha, the second Golara Bridge area and the Golara area were 178.6 per
cent, 251.9 per cent and 9.4 per cent, respectively.  The estimated high rates of
return justify the installation of safety measures to reduce accidents.  Further, as
unit costs at 1997 price were used, the return would be much higher at the
current pricing level.

Table 10.  Comparison of before-after results for treated
site 3 using control sites

Accident type
Treated site 3 Control site 2 Control site 3

(per cent) (per cent) (per cent)

Fatal 28.57 120.00 -50.00

Grievous 500.00 -100.00 200.00

Simple -100.00 0.00 0.00

Property damage 0.00 0.00 0.00

Total 110.00 37.50 -14.29

Note: Definitions of accident types are provided in table 2.
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Data in table 13 reveal that for the entire duration of the study (January
1990-June 2003), the estimated total cost for all accidents along the
Dhaka-Aricha highway was 1,267 million taka with an average annual cost of
93.86 million taka.  The cost figures imply that economic losses due to
accidents in this corridor were very high even after significant improvement due
to site-specific investments.  It suggests that there is further scope for
improvement in the overall accident situation of this important travel corridor.

Table 11.  Average accident cost by type of severity and cost component
(thousands of taka)

Component Fatal Grievous Simple
Property
damage

Lost output 591.3 7.9 0.5 0.0

Medical costs 6.2 7.4 0.2 0.0

Human costs 354.8 4.7 0.3 0.0

Vehicle damage 100.0 75.0 50.0 2.5

Administration 0.5 0.5 0.5 0.5

Total 1 052.8 95.5 51.5 3.0

Source: Institutional Development Component (IDC), 1998, Economic Working Paper E8
on Accident Costs.

Table 12.  Economic analysis of black-spot improvement
(thousands of taka)

Yearly loss Yearly loss  Benefit of Cost of First year
Name of before after improve- improve-  return

black-spot improve- improve- ment ment (per cent)
ment ment

Balitha area 3 399.89 2 106 1 293.89 724.4 178.6

Second Golara 2 842.49 1 053 1 789.49 710.3 251.9
   Bridge area

Golara area 2 533.97 1 433 1 100.97 11 746.1 9.4
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CONCLUSIONS

Both before-after and control-site methods of analyses revealed that
the limited site-specific safety improvement measures undertaken along the
Dhaka-Aricha highway were very effective in reducing the frequency as well as
the severity of accidents.  However, in a few instances the implemented
accident countermeasures did not produce the desired level of positive effects.
In such cases, as field surveys disclosed, for a number of reasons the safety
improvement measures did not produce the desired effects.  These include the
presence of intense roadside hawking and non-motorized activities, conflicting
use such as drying paddy and jute in marginal areas and the absence of
enforcement measures.

The economic benefits from accident savings are potentially very high.
Considering the staggering economic losses resulting from accidents and
evidence of good economic returns from investments related to safety
improvement at the black-spot areas, it can be said emphatically that if safety
improvement measures together with effective enforcement were undertaken for
other black-spot areas of the country, considerable social and economical
benefits to the nation would be achieved.

Finally, based on the findings of the study the following
recommendations are made which may lead forward the implementation of
safety improvement measures on other highways or accident-prone highway
links more effectively in the future:

● The placement of road medians on four-lane undivided highways was
found to be a very effective countermeasure in reducing the incidence
of head-on collisions.  However, it was observed that if the required
openings in the median island were not designed properly and placed
at inappropriate locations, this resulted in right-angle collisions between
through and turning vehicles and hit-island collisions at the median
noses.  As such, for better results openings should be provided to
ensure the safety of waiting right turning vehicles in the form of
flaring, installing protective refuge island and proper treatment of the
median-noses.  Further, in consideration of climb-ups and overturning
type accidents with low height mountable medians, the New Jersey
type of safety barrier, which has the potential for deflecting derailed
vehicle as well as cutting headlight glare, should be used.

● Many discrete type guard-posts installed at the treated sites were
found to be broken during field visits.  In consideration of the high
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embankment (4 to 8 m) without any at-grade recovery area as well as
the low performance of rigid guard-posts it is suggested that, in future
safety improvement works, the continuous W-beam type of guard-rail
safety barrier should be given preference over concrete guard-posts.

● It was also observed that at locations with intense pedestrian and
non-motorized activities, the installation of road signs, markings, bus
pull-outs, etc. was not enough to reduce the frequency and severity of
accidents.  In order to ensure pedestrian safety there is a need for the
construction of parallel service roads on both sides of a highway,
protective raised walking and crossing facilities as well as installation of
street lighting facilities.

●  In some cases, the benefits of safety improvement measures fell short
of expectations owing to the lack of enforcement.  This implies that
effective enforcement should be considered in tandem with
improvement works.  In this respect, the introduction of a highway
surveillance team involving local community leaders could be
a possibility, in particular to control the conflicting uses of roadway
marginal areas for purposes such as the following:

❏ Drying of agricultural products

❏ Keeping domestic animals near the highway for grazing

❏ Temporary markets and hawking

❏ Contra-flow on divided highway

❏ Operation of unlicensed non-standard vehicles, etc.

It is expected that when making investments on highway safety
improvement works in the future, better results would be achieved if these
recommended measures are taken into cognizance and put into practice by
relevant organizations.
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