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Abstract—The road crash analyses help to identify 

blackspots in the roadways specially in expressways where the 

vehicle speed is considerable higher. The crashes in expressways 

occur due to various reasons. However, it is imperative to 

identify such crash causes which leads to accident blackspots. 

Therefore, this study was conducted with the aim of identifying 

the blackspots of the road section of the Outer Circular 

Highway (Expressway)of Sri Lanka where the study area 

spanned for a length of 19 km. The research study analyzed the 

governing traffic and the road geometrical parameters which 

have a potential influence towards the crashes in the 

blackspots for the Left-Hand Side (L.H.S.) and the Right-

Hand Side (R.H.S.) of the expressway. Therefore, in the 

research study, the most governing sub parameters, either 

causative or corelated in the blackspots were identified. 

Moreover, the results were further visualized as the overall 

road segment and the blackspots segments to visualize the 

change of crash causing factors in the blackspots. The results 

revealed that the causative or corelated traffic and road 

characteristics are similar for the L.H.S. and R.H.S. blackspots. 

The results are beneficial to identify the optimal road 

characteristics influential towards blackspot and for safe road 

designing to reduce potential blackspots. 
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I. INTRODUCTION  

Motor vehicle collisions cause more than 1.2 million 
deaths worldwide and an even greater number of non-fatal 
injuries each year [1], negatively affecting the health and 
wellbeing of injury survivors and their families [2]. To 
improve road safety, insight is needed into preventable causes 
of road accidents. Police reports of road crashes are the main 
source of data used for informing research and policy on the 
causes of road accidents. Concerns have been raised by 
academics and road safety authorities over the reliability of 
police-reported contributing factor data, but there has been 
little or no attempt to investigate this issue empirically.  

The Sri Lankan transportation system was mainly 
developed and transformed in the British era as a result of 
the requirement to transport goods from different parts of the 
island to Colombo. Once the independence was achieved 
further development has been done to the Sri Lankan roads. 
Hence with the increase in the road systems and the vehicles 
subsequently the number of crashes occurring have increased. 
In Sri Lanka, there are over 35,000 road crashes every year 
and an average of six  deaths a day. Further, nearly 9,000 
motor vehicle crashes per year and over 5,400 crashes due to 
speed occurred from 1977 to 2013 [3].  

Outer Circular Expressway from Kaduwela to Kottawa 
is a part of this research. A crash analysis on the outer 
circular expressway was done using crash data from 2016 to 
2020. This analysis will  be helpful for the development of the 
country’s transportation system, and it will enable to save the 
lives that are being wasted.  

II. LITERATURE REVIEW  

A. Factors affecting crashes in expressways  

The causes of motor vehicle collisions are complex, but 
broadly depend on characteristics of drivers. Skill level [4], 
inexperience [5], and risk taking behaviors [6] have been 
implicated in the collisions of young drivers compared to 
drivers in other age ranges. Investigations of vehicle collision 
records have also implicated excessive speed [7], driving 
recklessly [8], and traffic violations [7], as well as drugs and 
alcohol [6] in the collisions of young drivers. For example, 
Regan & Young [6] interviewed 16-year-old novice drivers 
who had been involved in a collision within eight months of 
receiving their driver license. Excessive speed, loss of control, 
and failure to detect another vehicle or traffic control were 
reported by the teenagers as primary causes of their collisions. 
Collectively, these findings support the role of inexperience, 
lack of skill, and risk taking behaviors in young driver 
collisions. Further, these contributing factors appear to be 
influenced by driver gender. Young male drivers are more 
likely than young females to be involved in collisions due to 
risk taking, such as excessive speeding and impairment by 
drugs and alcohol [9].  

Inexperience and risk-taking behaviours, including 
excessive speed and drug and alcohol use, have been 
associated with the collisions of young drivers. Conversely, as 
age advances, increased prevalence of visual and cognitive 
impairments as well as medication use have been associated 
with the collisions of older drivers. Moreover, other 
comprehensive studies have been performed to examine the 
role of other factors on road safety. Gichaga [12] reviewed the 
historical and cultural backgrounds involving road 
development and road safety features in Kenya. Based on his 
results, he made some recommendations for improvements in 
aspects of road safety. Elvik et al. [13] conducted a review of 
the relationship between speed and road safety. They 
supported two mathematical models. Their results showed that 
the speed of individual drivers has a similar relationship with 
safety as the mean speed of traffic. In another study, the effect 
of air quality on road safety was evaluated by Sager [14]. He 
investigated the impact of increased air pollution on the 
amount of road traffic crashes. Then, he found out that there 
is a relationship between the number of accidents and the 
amount of PM 2.5.  

Obaidat and Ramadan [15] studied the traffic accidents at 
28 hazardous locations of urban roads at Amman, Jordan 
roads. Their study found that the logarithmic and linear 
models were the most significant and realistic models that can 
be used to predict the relationship between the accident 
characteristics as a dependent variable and the other studied 
variables as independent variables. The following variables 
were found to be the most significant contributors to traffic 
accidents at hazardous locations: average running speed, 



posted speed, maximum and average degree of horizontal 
curves, number of vertical curves, median width, type of road 
surface, lighting (day or night), number of vehicles per hour, 
number of pedestrian crossing facilities and percentage of 
trucks. According to them, these factors form the 
contributions of different categories causing traffic accidents 
such as:  

• Geometric factors: Number of lanes, width of one 

way of the road, median width, number and types of 

pedestrian crossings, number of horizontal and 

vertical curves, and maximum and average degrees 

of curvature. 

• Drivers' behavioral factors: Posted and average 

running speeds. 

• Environmental factors: Surface type, lighting 

condition and day/night. 

• Traffic conditions factors: Traffic volume (ADT) 

and percentages of different vehicles. 

 

Chiou et al. [16] studied the contributory factors to crash 
severity in Taiwan's freeways which is considered to be rural 
using genetic mining approach. The variables were: surface 
condition, signal control, driver gender, weather, obstacles on 
road, lighting conditions, speed limit, road status, marking, 
license, occupation and age of driver, travel period and 
purpose, location, vehicle type, action of driver, collision type 
and severity, etc. The authors developed a Genetic Mining 
Rule (GMT) model which accounted for the conflict and 
redundancy of rules mined.  

 

B. Identification of Blackspots  

A blackspot is defined as a location which has a higher 
risk of a crash occurring. It can be identified with a 
technique known as crash point weightage method [5]. 
There is a formula  generated to determine the ranking of 
crashes occurring in every kilometer. Hence the  severity of 
the crash has its own weightage. The Equation 1 is used for 
the identification of Estimated Property Damages Only 
(EPDO) in blackspots. 

Y = 6*X1 + 3*X2 + -0.8*X3 + 0.2*X4 (1) 

     X1 = Number of fatalities 
X2 = Number of serious injuries  

X3 = Number of slight injuries  

X4 = Number of damages only 

The severity of a crash can be categorized based on the 

serious injury to any person taking part in the crash: 

damage only (no injuries, vehicle damage only), non-

grievous injury, grievous injury, and fatal crashes (one or 

more persons died due to the crash) taken directly from the 

police records [15]. 

III. METHODOLOGY 

A. Data Collection Methods and Materials 

The data required for the study were mainly collected 
from the Expressway Operation and Maintenance Division 
of  the  Road Development Authority in Sri Lanka. The 
data collection was done in two phases which were, the 
crash data collection and the roadside elements data 
collection. Collected crash data were the reported crash 

data for the time period of 2016 to 2020 which spans for a 
total of 60 months while the roadside elements were 
obtained from the Cross- Sectional profile of the road 
section. The selected road section of the OCE  from 
Kaduwela interchange to Kottawa interchange, which 
spans for 19km was selected for the study. Hence, the 
Right-Hand Side and the Left-Hand Side is defined from 
this direction of travel. 

B. Data Extraction  

Types of variables used, and the variable definitions 

are shown in Table 1 and 2 respectively. 

TABLE I.  TYPES OF VARIABLES  

Variable Variable 

type 

Direction Categorical 

Lane Categorical 

Severity Categorical 

Number of vehicles involved Numerical 

causative/ corelated factor Categorical 

Vertical slope Categorical 

K value Numerical 

Presence o f    horizontal/vertical 

curve 

Categorical 

Outer and Inner safety fence type Categorical 



TABLE II.  VARIABLE DEFINITION  

Variable Definition 

Direction Determined as the Left-Hand Side for Kottawa to Kadawatha and the Right- 

Hand Side for Kadawatha to Kottawa. 

(R.H.S = 1, L.H.S = 2). 

Lane Determined for six variables which are as inner lane - closer to the center median of 

the road section, outer lane - closer to the curb of the road section, shoulder - lane area 

closer to the outer fence of the road section, ramp - as the exit ways, entry ways of 

the road section, inner & outer - as the combination of the inner and outer lanes 

or the middle area, joining the inner and outer lanes and non-reported crash. 

(Inner = 1, Outer = 2, Shoulder = 3, Ramp = 4, Inner & Outer=5, Non reported 

crash = 6) 

Severity Determined based on the level of damage caused by the crash. This was categorized 

into four as Property Damage Only (PDO), Non-Grievous, Grievous and Fatal. 

(PDO = 1, Non-grievous = 2, Grievous = 3, Fatal = 4) 

Number of 

vehicles involved 

Determined as the total number of vehicles that were involved for the specific 

crash. 

Reason Determined in 25 ways with the categorical variable assigned to each of the reason 

as Driver (D), Weather (W), Vehicle (V), and Road (R) related variables. (Alcohol 

consumption of the driver - D1, Carelessness and negligence of the driver – D2, 

Fatigue/drowsiness of the driver - D3, High speed of the vehicle  - D4, Mobile use 

of the driver - D5, Overtaking problem of the driver - D6, Someone through a glass 

bottle on the vehicle - D7, Animal crossing through the road - W1, Bird hitting on 

the vehicle - W2, Kite crash with side mirror of the vehicle - W3, Rain - W4, Stone 

hitting on the vehicle - W5, Weather - W6, Another vehicle passing by - V1, 

Overload of the vehicle - Overload of the vehicle – V2, Power failure of the road - 

V3, Sudden stopping of the vehicle - V4, Sudden stopping of front vehicle - V5, 

Tire fault of the vehicle - V6, Unknown reason for damaging to wind screen - V7, 

Vehicle fault 

- V8, High tension power supply line fell down to expressway - R1, Obstacle 

on road - R2, Road problem - R3). 

Vertical slope Determined from the profile grade of the cross section categorized. 

(-3.5 to -3.1 = 1, -3.0 to -2.6 = 2, -2.5 to -2.1 = 3, -2.0 to -1.6 = 4, -1.5 to -1.1 = 5, - 

1.0 to -0.6 = 6, -0.5 to 0 = 7, 0.1 to 0.5 = 8, 0.6 to 1 = 9, 1.1 to 1.5 = 10, 1.6 to 2.0 = 

11, 2.1 to 2.5 = 12, 2.6 to 3.0 = 13) 

K value Determined as the horizontal distance required to achieve 1% change in the  slope 

of the vertical curve, obtained at the regions of having two slopes 

tangents connected. 

Presence of 

horizontal/vertical 

curve 

Horizontal curve determined from the horizontal radius where a horizontal curve 

is present if there is a superelevation. Vertical curve determined if the K value is 

present. 

(Horizontal/Vertical curve not present = 1, Horizontal/Vertical curve present 

= 2) 

Outer and Inner 

safety fence type 

Inner safety fence determined as the fence in between the two directional lanes. 

Outer safety fence was considered as the fence at the outside after the shoulder of 

the road. 

(No fence = 1, W beam = 2, Concrete beam = 3, Concrete block and mesh = 4) 



IV. RESULTS AND DISCUSSION  

A. Blackspot Analysis of the L.H.S and R.H.S Road Sections 

The overall 200 m wise crash summary of the complete 
L.H.S. is summarized in Figure 1 and for R.H.S. is 
summarized in Figure 2. According to Figure 1, the crash 
count for L.H.S. have a minimum of 12 crashes per 200 m 
along with a maximum of 19 per 200 m whilst the average 
is approximately 13 crashes per 200 m. The blackspots are 
highlighted in red, and three blackspots were identified 
from the overall 19 km road section. Such that, the first 
blackspot comprised of a length of 1.6 km where the 
second black spot comprised of a length of 800 m whilst 
the third blackspot spanned for 400 m.  

 

Fig. 1. Blackspot Identification for L.H.S 

According to the Figure 2, the crash numbers for 
R.H.S. section have a minimum of 13 per  200 m along 
with a maximum of 24 per 200 m whilst the average is 
approximately 16 crashes per 200 m. The crash number of 
the R.H.S. is considerably higher than that of the L.H.S. 
road section. The blackspot is highlighted in red, and two 
major blackspots were identified from the overall 19 km 
road section. Such that, the first blackspot comprised of a 
length of 2.8 km where the second black spot comprised of 
a length of 3 km. 

 

Fig. 2. Blackspot Identification for R.H.S 

B. Parameter Analysis of the L.H.S Road Section  

The results of the traffic and road geometric parameter 
analysis are ranked in Table 3. 

TABLE III.  CRASH FREQUENCY COMPARISON OF OVERALL ROAD 

SECTION AND BLACKSPOTS WITH THE PARAMETERS FOR L.H.S 

Parameter Frequency of 

overall road 

section 

Frequency of 

blackspots 

Number of 1 = 79.2% 1 = 86% 

vehicles  2 = 19.2% 2 = 11% 

involved  3 =1.6% 3 = 3% 

R.D.A. 0 = 69% 0 = 66% 

property 

damages 

1 = 31% 1 = 34% 

Severity 1 = 90% 

2 =10% 

1 = 89% 

2 = 11% 

Reason D2 = 21% W5 = 21% 

 W5 = 16% D2 =17% 

 D3 = 16% D3 = 17% 

 D6 = 12% W1 = 11% 

 R2 = 9% D6 = 9% 

 W1 = 8% R2 = 9% 

Lane 2 = 62% 2 = 63% 

 1 = 31% 1 = 29% 

 3 = 2% 5 = 3% 

 4 = 1% 6 = 1% 

 5 = 1% 3 = 1% 

 6 = 1% 4 = 1% 

Presence of 2 = 88% 2 = 94% 

horizontal  1 = 12% 1 =6% 

curve    

Vertical slope 8 = 31% 8 = 29% 

 7 = 29% 9 = 26% 

 9 = 20% 7 = 19% 

 6 =5% 5 = 6% 

 5 = 2% 6 = 5% 

K value 1666.67 = 41% 1666.67 = 42% 

 800 = 8% 210.53 = 11% 

 120.47 = 8% 120.48 = 11% 

 296.65 = 8% 800 = 10% 

 210.53 = 8% 91.32 = 9% 

Presence of 2 = 88% 2 = 94% 

horizontal 1 =12% 1 =6% 

and vertical   

curve   

Outer s a f e t y  1 = 82% 1 = 94% 

fence 2 =15% 

3 = 3% 

3 =4% 

2 = 2% 

 

The trends for number of vehicles involved in the 

blackspots that the majority of the crashes have only 

involved one vehicle, nearly 20% of the crashes have 

involved two vehicles and less   than 2% have involved three 

vehicles. Among the crashes, 66% of the crashes have 

caused R.D.A. property damages. While for severity it is 

89% PDO and 11% non-grievous crashes in the blackspot. 

The results for the L.H.S. road segment of the current 

study align with the previous literature as the previous 

studies refers to blackspot as critical road segments with a 

high crash number and the weighted severity index 

Chauhan et al. [20]. Therefore, the results obtained from 

the current study are similar from previous findings of 

Chauhan et al [20]. For the blackspots, 89% accounted to 

PDO and 11% accounted to non-grievous. However, fatal, 

and grievous accidents were not found in the results. 

The blackspot results reveals that most of the crashes 

have been caused in the inner lane which is 66% and then 

followed by the outer lane which is 29%. Furthermore, it is 

evident that the inner lanes have an influence in the 

blackspots as it is comparatively higher than the overall 
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segments. However, the outer lane crash causes in the 

blackspot segments are comparatively less than that of the 

overall road segment with the reduction of 31% to 29%. 

The results reveal that the horizontal curve presence has 

a major influence for the road crashes in blackspots of 

L.H.S., as the presence of a horizontal curve have caused 

94% of the accidents while only 6% of the crashes were 

caused when the horizontal curve is not present in the 

blackspot. Most of the blackspot road sections of  L.H.S. 

are dominated by both the horizontal and vertical curves 

with accounting to 94% of the crashes within the blackspot. 

The majority of the outer safety fences within the blackspot 

road segments are similar. Therefore, w beams accounts to 

over 94% of the crashes where concrete blocks are of only 

4% and then the concrete blocks with the mesh are only of 

2%. The results of the inner safety fence types are also 

similar as 94% of the crashes were occurred with the W 

beam as the inner safety fence while 6% of the crashes 

occurred when there are concrete blocks as the inner safety 

fence. Therefore, W beam is the most influential safety 

fence type within blackspots. 

C. Parameter Analysis of the R.H.S Road Section  

The results of the traffic and road geometric parameter 

analysis are ranked in Table 4. 

TABLE IV.  CRASH FREQUENCY COMPARISON OF OVERALL ROAD 

SECTION AND BLACKSPOTS WITH THE PARAMETERS FOR R.H.S 

Parameter Frequency of 

Overall Road 

Section 

Frequency of 

Blackspots 

Number of 1 = 79% 1 = 86% 

vehicles 2 = 19% 2 = 11% 

involved 3 =2% 3 = 3% 

R.D.A. 0 = 52% 0 = 51% 

property 

damages 

1 = 48% 1 = 49% 

Severity 1 = 94% 1 =96% 

 2 =5% 3 = 2% 

 3 = 1% 2 =2% 

Reason W5 = 25% 

D2 = 19% 

W5 = 27% 

D2 = 16% 

 D3 = 13% R2 = 13% 

 W1 = 10% D3 = 13% 

 R2 = 10% W1 = 10% 

 N = 6% D6 = 7% 

Lane 2 = 60% 2 = 65% 

 1 = 32% 1 = 28% 

 3 = 4% 5 = 3% 

 5 = 2% 

4 = 2% 

3 = 3% 

4 = 1% 

Presence of 

horizontal curve 

2 = 84% 

1 = 16% 

2 = 85% 

1 =15% 

Vertical slope 7 = 27% 

6 = 23% 

8 = 21% 

9 = 14% 

5 = 10% 

7 = 23% 

8 = 18% 

6 = 14% 

5 = 9% 

9 = 9% 

K value 1666.67 = 31% 1666.67 = 38% 

800 = 16% 

1000 = 10% 

224.22 = 7% 

396.05 = 7% 

800 = 18% 

1000 = 12% 

1999.32 = 8% 

210.53 = 7% 

Presence of 
horizontal 
and vertical 
curve 

2 = 84% 
1 =16% 

2 = 85% 
1 =15% 

Outer 
safety 
fence 

1 = 83% 
2 =17% 

1 = 86% 
3 = 14% 

Inner 
safety 
fence 

1 = 83% 
2 =17% 

1 = 86% 
2 =14% 

 

The majority of the crashes have only involved one 

vehicle as it is 86% while nearly 12% of the crashes have 

involved two vehicles and less than 3% have involved three 

vehicles. The 51% of the crashes in the blackspots have 

caused R.D.A. damages and it is similar to the crashes 

caused in the overall road segment. The severity in the 

blackspots are as 96% PDO, and 2% each for non-grievous 

and grievous crashes. The ranking of the lane in the R.H.S.  

section was 65% crashes in the outer lane, and 28% in the 

inner lane while others accounting less. However, the 

comparison of the blackspot results with the overall road 

segment, the outer lane and the inner lane have similar 

trends for crashes. Therefore, there is no special variation 

for the crash lane within the blackspot with compared to 

the overall segment.  

The results for the presence of the horizontal curve in 

the blackspots does not show specific difference from the 

overall road segments as 85% of the crashes occurred 

within the blackspots were with a horizontal curve while 

it is the same in the overall considered section as 84% of 

the crashes in the overall considered section were also with 

the presence of a horizontal curve. In the blackspot road 

segments, the vertical slope is considerably lower where it 

spans from -3 to 1 where the majority of the blackspot road 

segments are of -0.5 to 0 slope followed by 0.1 to 0.5, -1 

to -0.6, -1.5 to -1.1 and 0.6 to 1. The results show that the 

impact from the vertical slope towards the crash number in 

the blackspot is less. The k value of the road segment has 

less influence towards the crashes caused in the blackspot 

road segments as the it is comparatively lower than that of 

the overall road segment. The results also reveal that the 

horizontal and vertical curve presence has a major 

influence for the road crashes in blackspots of R.H.S. as 

the presence of a horizontal curve have caused 85% of the 

accidents while only 15% of the crashes were caused when 

the horizontal curve is not present in the blackspot.  

The majority of the outer safety fences within the 

blackspot road segments are similar. Therefore, w beams 

accounts to over 86% of the crashes where concrete blocks 

are of only 14%. The results of the inner safety fence types 

are also similar as 86% of the crashes were occurred with the 

W beam as the inner safety fence while 14% of the crashes 

occurred when there are concrete blocks as the inner safety 

fence. Therefore, W beam is the most influential safety 



fence type within blackspots. Therefore, the highest 

occurring sub factors within the blackspot regions can be 

summarized as shown in Table 5. 

TABLE V.  SUMMARY OF THE HIGHEST OCCURING SUB FACTORS 

WITHIN BLACKSPOTS 

Parameter Direction Main Impacting 

Factor 

Number of 

vehicles 

involved 

L.H.S. 1 

R.H.S. 1 

Severity L.H.S. P.D.O. 

R.H.S. P.D.O. 

Cause of 

crash 

L.H.S. Stone hitting on the 

vehicle 

R.H.S. Stone hitting on the 

vehicle 

Lane L.H.S. Outer lane 

R.H.S. Outer lane 

Vertical 

slope 

L.H.S. 0.1 to 0.5 

R.H.S. -0.5 to 0 

Horizontal 
curve 

L.H.S. Present 

R.H.S. Present 

K value L.H.S. 1666.667 

R.H.S. 16667.667 

Crossfall  L.H.S. Left = -2.5 
Right = 2.5 

R.H.S. Left = -2.5 
Right = 2.5 

Horizontal 

and 

Vertical 

curve 

L.H.S. Present 

R.H.S. Present 

Outer 

safety 

fence type 

L.H.S. W beams 

R.H.S. W beams 

Inner 

safety 

fence type 

L.H.S. W beams 

R.H.S. W beams 

 

The results explicate that the major severity of crashes 

was P.D.O, with the cause as stone hitting on the vehicle. 

Whilst the outer lane was recorded as the most impacting 

factor of lanes. The presence of the horizontal curve and 

the vertical curves have also shown heavy influence over 

the recorded crashes, whilst the W beams were the safety 

fence that was recorded for outer and the inner fence types.  

V. CONCLUSION 

The research study comprehensively analyzed the 

crashes occurred in the O.C.H. of Sri Lanka. Therefore, a 

road section of 19 km was selected from the from the 

Kottawa interchange to Kadawatha interchange. In 

conclusion, the results showed that majority of the factors 

are similar for both L.H.S. and R.H.S. sections where 

number of vehicles involved in the majority of the crashes 

is 1, severity is P.D.O., cause of crash is stone hitting on 

vehicles, lane which the crash caused is outer lane, 

horizontal and vertical curves are present in majority of the 

accidents, cross falls are 2.5 for left and 2.5 for right, 

K value is 1666.667, outer and inner safety fence types are 

W beams for the majority of the accidents caused  within   

the  blackspots   of   L.H.S   and R.H.S. Therefore, the 

research findings provide valuable insights to identify the 

main influential factors of traffic and road characteristics of 

accident causes.  
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