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Abstract
The study was conducted to investigate single-vehicle
accidents involving trees in the Malaysia from the police national
database (Pol 27) and the Malaysian Institute of Road Safety
Research (MIROS) in-depth crash analysis data. The Pol 27
provided information on tree-related traffic collisions that
occurred in year 2006 and 2007, while the MIROS crash
investigation data covered 19 cases between October 2007
and September 2008. The accumulation of cases in 2006 and
2007 recorded fatal cases as the highest (39%) in terms of the
severity level. Factors which were available in Pol 27, viz., day,
time, road geometry, numbers of carriageway, pavement
quality and road shoulder width. A Mann-Whitney U Test
was performed to identify any pattern variation on six crucial
factors between the two years of Pol 27 data. From the
Asymptotic Significance value, it was revealed that numbers of
carriageway and pavement quality factors display significant
variation between the data from the two years. Cross tabulation
analysis and chi-square test were also performed to determine
the odds ratio value and chi-square value, respectively. From
the chi-square test, only time and road shoulder width factors
were found to be associated to injury severity level. Odds ratio
value resulted from cross tabulation revealed only time, number
of carriageways, pavement condition and road shoulder width
recorded significant values. Night-time (time), dual
carriageways roads (number of carriageway), wavy and holed
condition roads (pavement quality), and roads with road
shoulder width below 2.5 m (road shoulder width) were
identified as the more significant variables in fatal cases.
Other crucial factors extracted from MIROS in-depth crash
investigation analysis were tree diameter, clearance zone width,
frontal/side collision mode, and proportion of occupants
being ejected. The result indicated that vehicle occupants were
at a higher risk of getting severely or even fatally injured when
involved in a side collision with trees. Fatal occupants
constituted 56% of the total number of ejected occupants
while fatal and severely injured occupants of the non-ejected
recorded significant values, 29% and 44%, respectively.
ix
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1. Introduction
Malaysia is considered as a country with a high number of road
traffic collisions. Many measures have been implemented to
reduce the number of fatalities on the road every year. Currently,
single-vehicle accidents or run-off-road (ROR) collisions occurring
on Malaysian roads are of significant concern. Based on the
accident data collected by the traffic police in Malaysia (Pol 27),
single-vehicle accidents constituted a significant proportion in
serious injury cases (25.7%) and fatal cases (38.6%) of the total
road traffic collisions in 2006.
However, single-vehicle accidents, up to now, have not been
comprehensively investigated for the Malaysian scenario. While
referring to the European statistics, according to Naing et al.
(2007), as cited from Collin (2000), it is reported that over 33% of
fatalities occurring in road accidents, result from single-vehicle
collisions.
In a single-vehicle accident, the vehicle will more likely leave the
road and have a collision within the road shoulder. The collision
could be with objects (poles, posts, trees, walls, bridge supports
or fences) or could involve contact with an embankment, slope
or ditch. The outcome is more severe when it leads to rollover
or vault. According to Naing et al. (2007), cited from the research
paper prepared for ETS (Road Infrastructure Working Party
(1998)), studies in Europe have shown that collisions with road
shoulder objects accounted for between 18% and 31% of all
fatal accidents, with trees and utility poles being reported as
the most frequently struck objects (ETSC 1998). Also according
to Naing et al. (2007), cited from Insurance Institute for Highway
Safety USA, Fatality Fact (2003), in the US, more than 20% of
fatalities in vehicle crashes resulted from a vehicle leaving the
road and hitting a fixed object such as a tree or pole.
As a result of various driving missteps and indiscretions, such
as poor overtaking, hydroplaning and underestimating curves,
vehicles eventually may collide with road furniture, trees or
parked vehicles. Road furniture includes artificial objects such as
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benches, phone booths, street lighting, traffic signs, fountains and
waste receptacles. Trees are treated differently because they are
the most available objects along roads and one of the most rigid.
Collisions between vehicles and trees are a major type of traffic
fatality. According to NHTSA’s Fatal Accident Reporting System
(FARS) data for 1999, 10 967 fatal crashes involved a fixed object.
Trees were the objects most often struck, involving 3 010 fatal
crashes, or about 8% of all fatal crashes. Fatal tree crashes were
most prevalent on local rural roads, followed by major rural roads.
Of all fatal tree crashes, 90% occurred on two-lane roads and 5%
on four-lane roads.
Injury outcomes in tree crashes are typically worse than in carto-car crashes because in tree crashes, the vehicle has to absorb
all the impact energy which is applied to a relatively small area
of the vehicle while in a car-to-car crash, both vehicles in the
crash absorb the crash energy and the impact energy is typically
distributed over a wider area (Morris et al. 1999). In terms of two
fixed object collision types, striking a pole or post is generally
less injurious than striking a tree.
While collisions with trees happen at the lowest frequency
among these four accident types, the injury severity is the highest
of all accident types. Collisions with trees are frequently more
harmful than other types of accidents and more harmful than in
urban areas. 61% of collisions with trees resulted in some sort of
definite injury while only in 29% were the occupants unharmed
(Bratton and Wolf 2005).
A detailed analysis of crashes involving specific types of road
shoulder feature concluded that for an average daily traffic (ADT)
categories of 1 000 vehicles per day (vpd) and below, 22% to 24%
of fixed-object crashes involved striking trees. This compares to
16% involving tree crashes for roads with ADTs of 1 000 to 4 000
vpd, and 11% for ADT above 7 500 vpd (Morris et al. 1999).
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Prior to this study, there has been neither research activity nor
report on the issue of single-vehicle accidents involving trees
in Malaysia. After comprehensive literature reviews, the authors
have not found, to date, any related study in Malaysia. Thus,
the present study was initiated to determine the crucial factors
associated to tree-related accidents in Malaysia where later, a
study on single-vehicle accidents will be undertaken.

Plate 1

Trees on road shoulder along North-South Expressway (NSE)
in Malaysia

2.

Methodology

The methodology to conduct the study is divided into three
sequential parts. The first is to identify the representative area
and type of roads to be covered, which is referred to as the
“Catchment Area”. Secondly, construction of the “Data Set”, which
explains the source and size of data. The final part is “Data Analysis”
which describes the types of analyses conducted throughout
the study.

3
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2.1

Catchment Area

The catchment areas for the study involved all 14 states in
Malaysia including Sabah and Sarawak. This consists of all types of
roads including expressways, federal roads, state roads, municipal
roads and others. The criterion was chosen because trees are
available at the road shoulder in all road types in Malaysia and
certainly represents Malaysia’s actual scenario of single-vehicle
accidents involving trees.

Plate 2 Damaged tree due to collision with car

2.2 Data Set
Two retrieved sets of data from the Royal Malaysian Polis (PDRM)
Traffic Department through Pol 27 form and MIROS in-depth
crash analysis data were analysed. Pol 27 data is valid due to
the fact the PDRM is the primary authority for road accident
investigation and that Pol 27 form has been used by PDRM from
year 1992 to date. Pol 27 data comprised cases that occurred in
2006 and some scattered data from 2005 and 2007 with a total
of 249 cases. The accumulated data was filtered and only raw
data for year 2006 was collected with the total of 241. Next, the
same process was applied on the 2007 data. This present study
only focuses on year 2006 and 2007 accident data due to the
4
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data availability of MROADS (MIROS Road Accident Analysis and
Database system) database which comprised only the data of
these two years at the time when this study was conducted.
All the cases were collected from PDRM database through the
cooperation from all traffic police stations in Malaysia. All singlevehicle accident cases were targeted including fatal and nonfatal injuries while non-injury cases were omitted. Cases which
involved more than one vehicle and non-injury were omitted
because these cases were found to agitate the overall precision
of the data.
Finally, a total of 101 tree related accident cases for year 2006
(47 cases) and 2007 (54 cases) were retrieved from the PDRM
database. These cases comprised fatal cases, severe injury cases
and slight injury cases. The data suited the criteria made; tree
related crashes occurred in all types of road throughout Malaysia
and involved a single-vehicle hitting trees.
Another set of data analysed in this study was the in-depth
crash analysis data from real world crashworthiness investigation
operation done by MIROS. More than 300 road traffic collisions
had been analysed since it started operation in March 2007.
MIROS covers every kind of road traffic collisions in Malaysia
including Sabah and Sarawak. The investigation first classifies the
need to analse a road collision according to national interests,
including special inquiries by the Minister.
A team of crash analysts will be dispatched to the crash site to
collect physical data and evidence such as data regarding the
crash configuration, crash vehicles, environment, road profile and
injury details with the help of Traffic Investigation Officer (IO) of
PDRM. Those data and evidences are then used to reconstruct
the accident and to find any room for improvement.
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Plate 3

Damaged car due to collision with tree

However, MIROS only attend to cases which meet specific
requirements such as cases which involve fatalities or cases
which trigger national interest for instance accidents involving
heavy vehicles. Currently, MIROS is attending to increasing cases
on single-vehicle accidents involving trees. From October 2007
till early September 2008, MIROS had investigated 19 singlevehicle accident cases involving trees which comprise 16
fatal and three severely injured cases, and the number keeps on
increasing.

2.3 Data Analysis
After the collected cases have been filtered, further analysis
was conducted using SPSS 11.00 software and Microsoft
Excel. The overall data for year 2006 and 2007 was analysed
using SPSS software while Microsoft Excel was used for MIROS
data. Analysis on comparison between the two sets of data
was made to determine the outcome pattern. Since both were
ordinal type data, non-parametric approach was used for
the analysis. Due to the characteristics of the data, TwoIndependent Samples Test method was chosen and
Mann-Whitney U Test was later performed. Asymptotic
Significance value was used to determine any discrepancy
of the analysed variables from both sets of population.
Afterwards, cross tabulation was conducted to evaluate the
odds ratio value of each identified crucial factor to identify
the ratio of likelihood of being fatal between two segregated
variables of the respective factor.
6
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The said factors are day, time, road geometry, numbers of
carriageway, pavement quality and road shoulder width.
Each variable was grouped in such a way to have a balanced
distribution of number of cases to one another. The grouped
variables are weekdays and weekend (day), daytime and
night-time (time), straight and curve/junction (road
geometry), single carriageway and dual carriageway (numbers
of carriageway), good/flat and wavy/holed (pavement quality)
and same or greater than 2.5 m and less than 2.5 m (road
shoulder width).
The small size of MIROS data prevents any statistical analysis
to be performed as the data cannot validate or represent the
real-world scenario in Malaysia. Therefore, Microsoft Excel was
used and pie charts, bars and scattered graphs were developed
to measure other critical factors which are tree diameter, clearance
zone width, frontal/side collision mode, and proportion of
being ejected.

3. Results and Discussions
This section reports and discusses the analysis results acquired
from both MIROS and PDRM data. The section is divided into four
subsections which are; the drivers’ data from PDRM database, the
comparison of tree related traffic collision cases for year 2006 and
2007, the identified crucial factors of tree related traffic collision
cases for year 2006 and 2007, and an in-depth analysis of MIROS
crash investigations.

3.1 Drivers Data
The authors extracted data of the involving drivers from PDRM Pol
27 which are the demographic and injury data. Demographic data
consist of gender, race, and age of the drivers. Next, injury data
consist of types of injuries and the association of injury severity
with restrains device wearing.

7
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3.1.1 Demographic data of the drivers
A total of 47 cases from 2006 and 54 cases from 2007 were
collected with 15 and 24 fatal cases reported, respectively. As
a whole, fatal cases comprised 31.9% in 2006 and 44.4% in
2007 higher than severely-injured and slightly-injured cases
which were 25.5% (2006), 25.9% (2007) and 42.6% (2006) (only
exception), 29.6% (2007), respectively. This emphasises the
higher percentage of risk for an occupant to get killed in a
collision with trees when it happens.
From the data, 72.3% (2006) and 83.3% (2007) male drivers were
killed while female drivers made up the rest, 27.7% (2006) and
16.7% (2007). The proportions were slightly varied from the
total fatal injuries data involved in all types of accidents in
2006 and 2007 which male driver fatalities constituted 93%
(2006 and 2007) and female driver fatalities were 7% (2006
and 2007) (MIROS). Also, the data showed that a total of
83% (2006) and 59.5% (2007) of the drivers were Malays with
Chinese 12.8% (2006) and 28.6% (2007), and both Indians and
Sarawak and Sabah ethnics at 2.1% in year 2006. With reference
to MIROS data, Malay drivers fatalities represented 65% (2006)
and 67% (2007), Chinese were 20% (2006) and 18% (2007). Small
percentages were contributed by Indian, 12% (2006 and 2007)
and Sarawak and Sabah ethnics constituted 4% (2006) and 3%
(2007).
The data of drivers’ age were not available for three cases and
14 cases in year 2006 and 2007, respectively. Drivers of age
between 16 and 25 constituted 57% (2006) and 45% (2007)
of the total number of drivers fatalities involved in tree related
traffic collisions. This similar age group exhibited a slight
variance from the proportion of total drivers fatalities in
Malaysia which were 34% (2006) and 33% (2007) (Pol 27).
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Table 1 Drivers’ age details
Count

Group of age

Percentage (Count/Total cases)

2006

2007

2006

2007

16–25

25

18

56.82%

45%

26–30

6

4

13.64%

10%

31–35

7

3

15.91%

7.5%

36 and above

6

15

13.64%

37.5%

3.1.2 Casualties and injuries of the drivers
Fatally injured drivers constituted 21.3% (2006) and 26.8%
(2007) from the total of 47 said cases with 17.0% (2006) and
29.3% (2007) as severely injured and 53.2% (2006) and 29.3%
(2007) as involving only minor injuries. About 13 cases in the
year 2007 do not have enough information available. 8.5%
(2006) and 14.6% (2007) of the cases were reported to cause no
injury toward the drivers.
Table 2 Types of injuries
Count

Injured body part

Percentage (Count/Total cases)

2006

2007

2006

2007

Head

15

117

31.9%

41.5%

Torso

6

2

12.8%

4.9%

Upper extremities

7

2

14.9%

4.9%

Lower extremities

9

8

19.1%

19.5%

Miscellaneous

7

10

14.9%

24.4%

Non Injury

3

2

6.4%

4.9%
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Table 2 revealed that drivers mostly injured their heads in
tree related crashes with 31.9% (2006) and 41.5%
(2007). Lower extremities (pelvic and leg areas) also
contributed highly with 19.1% (2006) and 19.5% (2007) of the
reported cases. Two possible contributors of head injuries are
whiplash and hitting the windscreen, with the latter associated
with unbelted drivers. The present data could not be cross
tabulated with belted/unbelted drivers since many seatbelt
wearing data were not available.
Table 3 Restraint device wearing and associated injury severity
Restraint device
wearing

Injury severity

Percentage

Belted

Non

16.7%

(54 drivers)

Minor

42.6%

Severe

22.2%

Fatal

18.5%

Unbelted

Non

4.8%

(21 drivers)

Minor

38.1%

Severe

28.6%

Fatal

28.6%

Helmet worn

Non

(8 riders)

Minor

75%

Severe

25%

0%

Fatal

0%

Helmet unworn

Non

0%

(5 riders)

Minor

0%

Severe

0%

Fatal

10
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Cases in 2006 and 2007 are combined and tabulated as shown
in Table 3. A total of 13 cases did not have data available. It is
observed that unbelted drivers had higher risk of getting severe
injuries (28.6%) and fatalities (28.6%) than belted drivers. Belted
and unbelted drivers were recorded to sustain the same
magnitude of minor injuries but belted drivers had a significant
percentage of non-injury (16.7%) higher than the drivers who
were not belted (4.8%). Thus, when a driver is wearing the
seatbelt, he or she is more likely to escape injury and less likely
to get killed when involved in a single-vehicle accident
involving trees. Statistics also showed the significant probability
of survival if one is wearing a helmet when an accident occurs.

3.2

Comparison of Tree Related Traffic
Collisions for Year 2006 and 2007 in
Malaysia

This study looks into six influencing factors for tree related
collisions. Firstly, the authors would like to observe the trend of
pattern of the tree related collisions between 2006 and 2007
retrieved from Pol 27. Since the data was in an ordinal format, and
the authors would like to compare between two independent
samples which are 2006 and 2007, the Mann-Whitney U Test
approach was applied. The Asymptotic Significance (Asymp.
Sig.) value was observed to discover whether there is a
significant variation of pattern between the two years.

Table 4 Mann-Whitney U Test result of Year 2006 and 2007 Pol 27 data
Test statistics
Day

a

a

No. of
Road
Pavement Roadside
geometry carriageways quality
width

Time

Mann-Whitney U

1144.500

1109.000

519.00

117.500

1105.500

1023.000

Wilcoxon W

2629.500

2594.000

2004.000

1602.500

2233.500

2151.000

Z

-.861

-1.374

-5.476

-9.056

-1.178

-1.939

Asymp. Sig. (2-tailed)

.389

.170

.000

.000

.239

.053

Grouping Variable: Year (2006 & 2007)
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From the result, out of six factors compared between both
years, only two variables — the numbers of carriageways and
pavement quality — had the Asymptotic Significance value
(p value) 0.00 which is lower than 0.05. The p<0.05 value
indicates that the comparison had significant result which
means that there was a significant variation of the data between
the compared factors from the two populations. The significant
Asymp. Sig. value will then be linked back to the odd ratio
value mentioned in the following section to know whether the
two years pattern is moving towards a positive manner or if it is
getting worse. Other variables recorded Asymp. Sig. higher than
0.05 which indicated that the comparison was not significant,
or in other words, the result had similar pattern and that the
data had no differentiation.
Thus, for future analysis in this study, the four said variables
with no differentiation between year 2006 and 2007 will be
combined as one, while the other two variables with significant
variance between the two years period will be analysed
separately.

3.3

Identified Crucial Factors in Tree
Related Collision for Year 2006 and
2007 in Malaysia

A total number of 47 tree related collision cases were reported in
the year 2006 comprising 15 (31.9%) fatal cases and 12 (25.5%)
severe injury cases. In the year 2007, 24 (44.4%) fatal cases and
14 (25.9%) severe injury cases were recorded from a total of 54
cases.
Table 5 shows the distribution of tree related collisions in 2006
and 2007, and the total number for both years. As shown in the
table, all six crucial factors were divided into two variables each, in
order to determine the distributions in the level of severity of each
factor. Each crucial factor was then correlated with the collision
severity which was divided into fatal and non-fatal collisions.
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Six crucial factors for tree related collision in Malaysia

Factor

Total
(n= 101)
No. (%)

Year 2006
(n=47)
No. (%)

Year 2007
(n=54)
No. (%)

Day
Weekdays

43 (42.6)

17 (36.2)

26 (48.1)

Weekend

58 (57.4)

30 (63.8)

28 (51.9)

Daytime

48 (47.5)

26 (55.3)

22 (40.7)

Night-time

53 (52.5)

20 (42.5)

33 (61.1)

Straight

71 (70.3)

30 (63.8)

41 (75.9)

Curve & junctions

30 (29.7)

17 (36.2)

13 (24.1)

Single carriageway

52 (51.5)

7 (14.9)

45 (83.3)

Dual carriageways

49 (48.5)

40 (85.1)

9 (16.7)

Good/flat

49 (48.5)

0 (0)

49 (90.7)

Wavy & holed

52 (51.5)

47 (100.0)

5 (9.3)

> = 2.5 m

59 (58.4)

24 (51.1)

35 (64.8)

< 2.5 m

42 (41.6)

23 (48.9)

19 (35.2)

Time

Road geometry

Numbers of carriageways

Pavement quality

Road shoulder width

To know the association between a crucial factor and collision
severity, since both are categorical, chi-square test was needed.
From the chi-square test, the authors were able to determine
whether the factor is or is not associated with severity, through
the significance level of the Asymp. Sig. value. The association is
significant when the Asymp. Sig. value is <0.05 which means that
a particular factor affected the level of severity of the collision.
Next, cross tabulation analysis was done to look into the detailed
distribution of number of cases and percentage for each variable
in each factor, and to measure the odd ratio value and chi-square
Asymp. Sig. value for each factor. In this study, the odd ratio value
was needed to identify the ratio of the fatality likelihood when
involved in tree related collisions. By using the odd ratio, we can
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identify the more severe variable in each of the studied factors
with the confidence level of 95%. In future studies, the value will
then link with the Benefit to Cost Ratio (BCR) value, which is a
key in determining the best method of interventions to cater to
problems related to collisions involving trees.
As mentioned in the comparison section above, each factor was
divided into two variables which were then compared with fatal
and non fatal collision cases.

3.3.1 Day and time factors
Two crucial factors were identified which are day and time of
occurrence factors. Day of occurrence comprised weekend and
weekdays while time of occurrence were divided into night-time
and daytime.
When zoomed into the fatal cases, for the combined data of
2006 and 2007 (Table 6), the highest frequencies occurred during
weekends with a total of 22 fatal cases. The number contributes
to 56.4% of the overall fatal tree related collisions in both years.
The outcome pattern however shows a slightly lower number
compared to the findings of a study by Mok et al. (2005) which
stated that greater than two-thirds of fatal tree related collisions
occurred on Fridays and weekends.
Table 6 The relationship between tree related collision severity and day of occurrence
Factor

Collision severity

Day

Fatal

Non-fatal

Total

Odd ratio

Chi-square

Weekend (WE)

Cases

22

34

56

%

21.8%

33.7%

55.4%

Weekdays (WD)

Cases

17

28

45

1.066

0.627

%

16.8%

27.7%

44.5%

(WE:WD)

(WE:WD)

Cases

39

62

101

%

38.6%

61.4%

100%

Total

Note: Weekends = Friday, Saturday, Sunday
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Also, in total, the highest frequencies of 56 cases occurred on
weekends (55.4%). This could be caused by the bigger number
of vehicles utilising the roads on weekends (Friday, Saturday and
Sunday) thus increasing the frequencies of road collisions which
then contribute to the increase in tree related collisions. The
findings show similarity to a study done in Australia by Haworth
et al. (1997) which stated that Sunday and Saturday were the
most common days for single-vehicle collisions (23% and 20%).
Odds ratio value of 1.066 means that weekend, compare to
weekdays is 1.066 times more likely to involve in fatal collisions,
thus indicating a higher level of severity in tree related collisions.
However, result from chi-square test performed on the two
categorical data (day vs. severity) showed that the association
between day and collision severity is not significant. In other
words, in Malaysia, the day or period of week does not make a
major contribution to affect severity. Though, when tree related
collision do happen, the likelihood for vehicle occupants to get
fatal are more severe during weekends.
The data revealed that from the total number of 101 cases in
both years, the highest number of 54 cases occurred during
daytime (6 a.m. till 6 p.m.). The outcome shows a divergent
pattern to the result of a study by Haworth et al. (1997) of Monash
University which found that more single-vehicle collisions
occurred at night (6 p.m. till 6 a.m.) than during the day (6 a.m.
till 6 p.m.).
However, when focusing into the fatal collisions, night-time
period (6.01 p.m. till 5.59 a.m.) recorded the highest cases with
25 cases or 24.8%. This distribution from the combination of
both years’ data was supported by a study done by Kloeden
et al. (1999) which found out that night-time single-vehicle
collisions were much more likely to involve a road shoulder
hazard which fatally injured a car occupant than were daytime
collisions with the peak of 64% occurring after midnight and
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that the reasons for this time of day effect are probably related
mostly to drunk driving. Although drunk driving is not a major
issue in Malaysia, the result shows similar pattern to the study
by Kloeden et al. (1999).
In addition, the odd ratio value shows that collision
during night-time is 3.25 times more likely to be fatal than
collisions during daytime. The outcome from the odd ratio
value supports the result of the percentage distribution
shown in Table 7 and signifies similarity to the result from
Kloeden et al. (1999) study mentioned above. Chi-square test
also showed a significant value of 0.05 which clearly indicates
that time factor plays a major contribution to affect the level
of severity in tree related collisions. Thus, from the result, it is
observed that by reducing the number of tree related collisions
during night-time, it could lower the possibility of having fatal
tree related collision.
Table 7 The relationship between tree related collision severity and time of occurrence
Collision severity
Time

Fatal

Non-fatal

Total

Odd ratio

Chi-square

0.005

Night-time (NT)

Cases

25

22

47

%

24.8%

21.8%

46.5%

Daytime (DT)

Cases

14

40

54

3.25

%

13.9%

39.6%

53.5%

(NT:DT)

Cases

39

62

101

%

38.6%

61.4%

100%

Total

Note: Daytime = 6 a.m. – 6 p.m.

Night-time = 6.01 p.m. – 5.59 a.m.

3.3.2 Road Environment Factors
Road environment factors consist of four sub-components
which are road geometry, number of carriageway, pavement
quality and road shoulder width. These factors were tabulated
as follows.
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For both 2006 and 2007, the highest of cases (71)
occurred along straight stretches (Table 8). This comprises 26.7%
of the total. In the authors’ perception, this might possibly be due
to driving behaviour where drivers would tend to drive faster
on straight stretches due to the confidence level they feel
attributable to the comfortable environmental conditions and,
the drivers tend to be more alert and reduce their speed when
negotiating curves, thus resulting for such outcome. From the
total number of 39 fatal cases, the largest portion also
happened along straight stretches (27 cases).
Table 8 The relationship between tree related collision severity and road geometry
Factor

Collision severity
Fatal

Road geometry
Curve & Junction (CJ)
Straight (S)
Total

Non-fatal

Total

Odd ratio

Chi-square

0.852

Cases

12

18

30

%

11.9%

17.8%

29.7%

Cases

27

44

71

1.087

%

26.7%

43.6%

70.3%

(CJ:S)

Cases

39

62

101

%

38.6%

61.4%

100%

However, the percentage of fatal cases from the total number
of cases was slightly higher at curves with 40% rather than 38%
at straight stretches. The pattern is similar to the findings of a
study in Australia by Kloeden et al. (1999) where the number of
collisions were higher on straight stretches rather than at curves,
although the percentage of fatalities are higher at curves. In
addition, odds ratio value stated that tree related collisions
at curves are 1.087 times higher than on straight stretches to
have fatal cases. Although the value is insignificant, yet it is still
important to indicate that the level of collision severity is more
at curves. On top of that, the result in Malaysia is close to result
in other countries particularly Australia in terms of fatality at
curves, as supported by the literature review.
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Nonetheless, from the chi-square test performed, the
value shows an insignificant value which means that road
geometry does not have a large association with collision
severity although when compared between straight and curve,
the likelihood to cause fatal collisions are slightly higher at
curves.
In 2006, dual carriageway roads recorded the highest in
overall collisions (85.1%) (Table 9). This also comprises the
highest number of fatal collisions with 14 cases (29.8%). Single
carriageway roads recorded a total of seven cases with only one
fatal case. Odds ratio value stated that dual carriageways roads
3.23 times more likely to have fatal tree related collisions
compared to single carriageway roads are.
In 2007, a contradicting pattern was reflected where 83.3%
of the overall collisions occurred at single carriageway roads
with fatal cases recorded a proportion of 33% from the total.
However, from the odd ratio, the result was similar to the 2006
data where fatal collisions on dual carriageway roads are three
times higher than single carriageway roads.
Table 9 The relationship between tree related collision severity and number of carriageways

2006
Factor

Collision severity
Fatal

Non-fatal

Total

Cases

14

26

40

%

29.8%

55.3%

85.1%

No. of Carriageway
Dual (D)
Single (S)
Total

Odd ratio

Chi-square

0.278

Cases

1

6

7

3.23

%

2.1%

12.8%

14.9%

(D:S)

Cases

15

32

47

%

31.9%

68.0%

100%
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2007
Factor

Collision severity
Fatal

Non-fatal

Total

Cases

6

3

9

%

11.1%

5.5%

16.7%

No. of carriageway
Dual (D)
Single (S)
Total

Odd ratio

Chi-square

0.142

Cases

18

27

45

3.00

%

33.3%

50.0%

83.3%

(D:S)

Cases

24

30

54

%

44.4%

55.6%

100%

From the cross tabulation tables for both years, dual
carriageway roads recorded higher severity level, which is
known from both odd ratio values. This could be because, in
dual carriageways roads, there are situations where trees are
even planted along the road median. The scenario is even
more hazardous than if the trees had been planted or naturally
available at road shoulders because of the non availability of
clearance zone at medians. Trees at road medians have a closer
distance to the roadway and limit the space and response time
for drivers to react during emergencies. This will increase the
likelihood for vehicles to collide with the trees or any other rigid
objects along the median when encountering a run-off-road
(ROR) collision.
In contrast, on single carriageway roads, a particular vehicle will
have more space to slow down and the driver will have more
time to respond when facing an ROR collision with object(s)
on the opposite lane. The non existence of medians will
provide space and time for drivers during collision. This will
help in lowering the speed during collision and thus reducing
the delta V value. Consequently, it will help decrease the level
of intrusion into the vehicle which lessens the severity level of
the collision.
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However, a typical expectation would be that single
carriageway roads would have higher severity in terms of tree
related collisions compared to dual carriageways. This is correct
for cases that does not involve vehicle crossing over into the
opposition lane and only engage tree along road shoulders at
the same travelling direction with the vehicle. Hence, the result
above is important to highlight the effects of median during
a tree related collisions which involved cross over situations.
Subsequently this report will look into the effects of road
shoulder width in tree related collisions.
When viewing the pavement quality factor, the data revealed that
from the total number of 47 cases in year 2006, all occurred on
wavy and holed road pavement (Table 10). This comprises 15 fatal
cases which is 31.9% from the total. However, an opposite
pattern was reflected in 2007 data with 49 cases occurring on
flat pavement roads with 43% fatal collisions (21 cases).
Table 10 The relationship between tree related collision severity and
pavement quality

2006
Factor

Collision severity
Fatal

Non-fatal

Total

Cases

0

0

0

%

0%

0%

0%

Pavement
Good & flat (GF)
Wavy & holed (WH)
Total

Cases

15

32

47

%

31.9%

68.0%

100%

Cases

15

32

47

%

31.9%

68.0%

100%

Odd ratio

Chi-square

0.462

2007
Factor

Collision severity
Fatal

Non-fatal

Total

Cases

3

2

5

%

5.5%

3.7%

9.2%

Cases

21

28

49

2.00

%

31.9%

51.9%

90.7%

(WH:GF)

Cases

24

30

54

%

44.4%

55.6%

100%

Pavement
Wavy & holed (WH)
Good & flat (GF)
Total
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For year 2006, all tree related collisions only occurred on
wavy pavement roads which is only one of the two variables
looked at. Thus, the chi-square test and odd ratio could not be
calculated since the pattern was constant. Nevertheless, in
2007, it was discovered that wavy pavement roads are two
times more likely than good condition road to have fatal
cases in term of tree related collisions. In addition, chi-square test
result showed a significant value which indicated that there
was an association between pavement factor and severity level
of tree related collision. Wavy pavement causes drivers to face
difficulties to control the vehicle and the holed pavement forms
water ponds during raining which causes lost of traction to
vehicles’ tyre grip.
From the significant chi-square test value for 2007 result and
the constant collision pattern during 2006, it could be said
that pavement condition plays an important role in affecting
the level of severity in tree related collisions. More importantly,
wavy conditioned roads are more likely to cause fatalities in
tree related collisions. Therefore, efforts for interventions have
to be put in to cater to this specific variable. Roads with wavy
pavements have to be resurfaced as one of the solutions to
lower the number of fatal cases in tree related collisions.
Moreover, both cross tabulation tables below supported the
findings in the previously performed Mann-Whitney test, which
indicated that pavement quality factor shows a large variation
in terms of patterns for both years that have been studied for
this report.
When data from 2006 and 2007 was combined, roads with
road shoulder width larger than 2.5 m, federal roads and
expressway recorded the highest number of collisions
involving trees with a total of 59 cases (58.4%) (Table 11). The
outcome in the data from both years might be due to the fact
that in Malaysia, federal roads contributes the highest number
of road collision cases (PDRM data) (38.1% from total collisions
for year 1997 till 2000) thus leading to the highest in tree related
collisions.
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Table 11 The relationship between tree related collision severity and road shoulder width
(perpendicular distance from edge of road to tree)
Factor

Collision severity

Road shoulder width

Fatal

Non-fatal

Total

Cases

22

20

42

%

21.8%

19.8%

41.6%

>=2.5 m (M)

Cases

17

42

%

16.8%

Total

Cases

39

%

38.6%

< 2.5 m (L)

Note: >=2.5 m = Expressways & federal roads

Odd ratio

Chi-square

59

2.700

0.010

41.6%

58.4%

(L:M)

62

101

61.4%

100%

<2.5 m = State roads, municipal roads & others

When zoomed in to the fatal collisions, roads with road
shoulder width less than 2.5 m (state roads and others)
recorded the highest records with 22 cases out of a total 39
fatal cases. The lower frequencies of fatal tree related collisions
occurrence at expressway and federal roads might be due to the
result of guardrail installed, or due to the wider clearance zones
compared to other roads. Expressways often have a wider
space or nearer to the optimum range of 6 to 9 m for
clearance zones compared to other types of roads. The odd
ratio value indicated that roads with road shoulder width less
than 2.5 m are 2.7 times more likely to have fatal accidents than
roads with road shoulder width more than 2.5 m.
Although the total number of tree related collisions was
higher on roads with road shoulder width more than
2.5 m, the likelihood of having fatal collisions was higher at
roads with road shoulder width less than 2.5 m. The findings
signified the importance of a wider road shoulder width and the
installation of guardrails in a tree related collisions in
order to lower the possibility of getting fatal injuries in the
collisions. Wider road shoulder width provides more time for
drivers to slow down and react during emergency situations
and guardrails offer some sort of energy absorption mechanism
for vehicles crashing into it. In addition, chi-square test result
22

Single-Vehicle Accidents Involving Trees in Malaysia
– a Preliminary Study

recorded a significant value of 0.01 which indicated that road
shoulder width does affect the severity level in tree related
collisions.

3.4

In-depth Analysis of MIROS Crash
Investigation

MIROS Crash Reconstruction Unit (C.R.U) investigated a
total of 19 single-vehicle accidents involving trees throughout
Malaysia between October 2007 and September 2008. This
particular crash mode had taken the lives of 31 road users and
left another 21 severely injured. At present, the number of
in-depth analysed cases is small, thus certain statistical analyses
cannot be performed. However, the additional collision details
which were not available in PDRM (Pol 27) database can be
retrieved and analysed further. Other crucial factors which were
not available in PDRM data but had been identified were tree
diameter, clearance zone width, frontal/side collision mode
and proportion of drivers being ejected. These were discussed
thoroughly in this section.
There were two cases involving heavy vehicles crashing into
trees. One is a bus, which caused six out of 23 passengers to
suffer severe injuries and the other is a truck, which killed the
driver. A bus versus a tree would have a much better crash
compatibility compared to a car versus a tree, which turn into
the fact that the passengers of the bus would have better
chance of survival. Some of the analyses in this section involved
only M1 typed vehicles which omitted both bus and truck cases.
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In 17 cases involving M1 class vehicles, a significant
percentage of 96% of the drivers sustained fatalities or severe
injuries. From Pol 27 data, year 2006 and 2007 recorded 38%
and 56% fatalities and severely injured drivers which
contradicted with the outcome shown in (Figure 1). The
reason for the large discrepancy was attributed to the fatal only
cases investigated by C.R.U and other specific requirements
stated in methodology section. However, the severe injury
cases recorded a proportion higher than minor injury cases
for both drivers and vehicle occupants. Thus, the likelihood of
getting seriously injured or even fatal is higher when an
occupant is involved in a tree related traffic collision. However,
from the total 19 investigated cases, only one victim managed
to escape uninjured, she was a two-month old baby and was
secured with the child restraint seat. This clearly proves the
importance of securing children in child restraint seats.

Overviewofofthe
thetype
typeofofinjuries
injuriessustained
sustainedby
byvehical
vehicleoccupants
occupants and
Overview
drivers
(M1
class)
and driver (M1 class)

Passengers + Driver (out of
59)
Driver (out of 17)

Figure 1 A table representing an overview of the percentage of total vehicle occupants
(passengers + drivers) and drivers with the type of injuries sustained

1

Vehicles used for the carriage of passengers and comprising no more than
eight seats in addition to the driver’s seat
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In Figure 2, 19 diamond-shaped points represent 19 cases
with dashed-dotted line representing the interval of road
shoulder width (2.5 m) analysed earlier and dashed line
representing the minimum clearance zone based on the 85th
percentile speed (9 m) (iRAP 2009). Two of the cases had equal
values of clearance zone width and fatalities percentage which
were 2 m and 100%, respectively. About 18 of them which
constituted 95% from the total had their respective clearance
zones length less than 9 m (to the left of purple broken
line) and 10 cases (53%) fell below 2.5 m of road shoulder
width. Thus, the threshold value of 9 m of clearance zone
width is justified as all fatal cases had their respective
clearance zone less than 9 m. The efficacy of “right”
clearance zone is demonstrated by a case which had 15 m of
clearance zone. This solitary case involved six non-fatal accident
victims where four of them were ejected from the vehicle. This
clearly shows the importance of having the correct adjustment
of clearance zone in order to reduce the occupants’ injury
severities whenever an accident involving trees occurs. The
question of having lesser maximum clearance zone width and
larger road shoulder width could be the main outcome from
this present analysis. However, to prove that, the authors need
a larger sample size so that advanced statistical analyses can be
performed.

Fatalities percentage (total fatal/total occupants)

Correlation of fatalities percentage of each individual cases
and clearance zone
100.00%
90.00%
80.00%
70.00%

M1 class
Bus
Driver only

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
0

2

4

6

8

10

12

14

16

Clearance zone (m)

Figure 2 A correlation between fatalities percentage of total vehicle occupants in
individual case with the clearance zone
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Side collisions comprised 58% (11 cases) out of 19 cases with
frontal collisions constituting the rest, 42% (8 cases). From the
total 31 fatalities recorded in these 19 cases, approximately 42%
were involved in frontal collisions and 58% in side collisions. The
result showed a slightly higher likelihood of getting killed in a
side collision than a frontal one but not to the drivers. The bar in
Figure 3 displays similar number of drivers fatalities but side
collision involved more drivers surviving than frontal collision.
There are two sides of a vehicle and the side collision might happen
more on the nearside (front passenger side) than on the offside
(driver side). The higher number of occupants fatalities in the
side collision mode was greatly attributed to the rather weak
impact absorption of the vehicle side structures. It is known
that seatbelts are not meant to protect the occupants in side
collisions.

Correlation between crash pattern with fatality (driver + total
occupants) and non-fatality (driver)

Number of crash pattern
Fatal drivers
Non-fatal drivers
Fatal vehicle occupants

Frontal

Side

Figure 3 Bars showing the correlation of crash pattern with fatalities and non-fatalities of
drivers and total occupants
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Fatalities percentage (total fatal/total occupants)

The correlation data in Figure 4 does not exhibit any distinct
pattern. But, three fatal cases which involved a total of six
occupants had the diameters of trees involved larger than others.
Two identified similarities of the said cases are; their respective
clearance zones length are well below 2 m and all drivers were
killed with two of the collisions involving median-planted trees.
The dashed line represents the transition value of narrow object
diameter to wide object diameter which has been identified to
be 40 cm (Van Kirk 2000). With this definition, narrow trees and
wide trees have been identified to cause the same magnitude
of injury severity toward the vehicle occupants. Also, as a
matter of fact, the involved trees that were planted along the
expressways had their diameters less than 30 cm. Other types of
road such as federal, state and municipal were almost identical
on the distribution of tree diameters.

Correlation of fatalities percentage of each individual cases
and tree diameter

Fatal drivers
Non-fatal
drivers

Tree diameter (cm)

Figure 4 A correlation between fatalities percentage and tree diameter
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Three investigated cases were missing the data of occupants’
ejection; thus the analysis of occupants’ ejection with respect to
injury severity by ejected and non-ejected occupants contained
only 16 out of 19 cases. Figure 5 shows that one third (67%) of
total occupants including drivers in 16 investigated cases were
being ejected during collision. This clearly shows that most
of them were not wearing seatbelt with a large proportion
contributed by rear-seated passengers. In frontal collisions,
11 vehicle occupants were ejected while six people were
ejected from side collisions. As shown in Figure 6, 56% of the
total ejected vehicle occupants were killed, as 38% were injured
severely and another 6% as minor injury. As a matter of fact, an
ejection occurred when a car decelerated very quick (high delta
V) and the inertia of the vehicle occupants kept them at the
moving speed of the car prior to the deceleration. Injury severity
increased when punching through the windscreen or the side
window and it is magnified when hitting the ground hard. It
is noted that the big percentage of fatalities upon ejection
was due to not wearing seatbelt which in turn amplified the
probability of ejection whether it was a side or a frontal collision.
However, the relationship between occupant ejection and
seatbelt wearing could not be determined yet as some data on
seatbelt use was missing. This was due to inability to inspect the
seatbelt when conducting the vehicle investigation. However,
from Figure 7, the fatality percentage of non-ejected vehicle
occupants recorded was 29% which is significantly lower than
the fatality percentage of ejected occupants. In contradiction to
that, a significant percentage (44%) of non-ejected occupants
still sustained severe injuries. This clearly shows the severity of
single-vehicle accidents involving trees where the occupants
can sustain severe or even fatal injuries regardless whether they
were ejected or not.
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Proportion of vehicle occupants being ejected
and not ejected

Ejected

Not ejected

Figure 5 A pie chart of proportion of vehicle occupants being ejected and
not ejected from the vehicles

Injury severity sustained by ejected vehicle
occupants

Fatal
Fatal
Severe
Severe
Minor
Minor

Figure 6 A pie chart of injury severity sustained by ejected vehicle occupants

29

Single-Vehicle Accidents Involving Trees in Malaysia
– a Preliminary Study

Injury severity of non-ejected vehicle
Injury severity
of non-ejected vehicle
occupants
occupants

Fatal
Fatal
Severe
Severe
Minor
Minor

Figure 7 A pie chart of injury severity of non-ejected vehicle occupants

In addition, in four separate cases involving teak trees or locally
known as jati (Tectona grandis) species, a total of 12 said trees
were involved and four of the trees were felled. All cases
happened on the North-South Highway and involved
shoulder-planted trees. All hit jati trees were categorised
as narrow objects since the diameters were well below 30
cm. 69% of the vehicle occupants in those four cases were
killed and the rest suffered either major or minor injuries
with an exception of the only non-injury survivor, a two year
old child placed on a child restraining seat. Also, the issue of
“wrong calibration” of tree spacing emerged here as a total
of 12 jati trees were involved in four separate cases. It was
observed that the jati trees were planted very close to each
other with the maximum reported tree spacing as 5 m. If tree
spacing was taken into account, the involved vehicles would
probably not hit another tree sequentially and thus could
reduce the injury severity the vehicle occupants sustained.
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As a whole, insufficient data from Pol 27, numbers of
under-reported cases, and the absence of a proper
mechanism for data inputting and acquisition have constrained
the content of the present study. The small number of sample
size (19 cases) from MIROS database had also influenced the
analysis. Further analysis with the support of the above may
provide more ample understanding of single-vehicle collision
involving trees in Malaysia. It is noted that MIROS investigates
cases that primarily involve fatalities; thus biasing factor is there
when generalizing the fatalities percentage and something
that can be related to it. However, MIROS investigations offered
in-depth details which could not be obtained from Pol 27 such
as tree measurements, Equivalent Test Speed (ETS)2 calculation
and clearance zone calibration.

4.

Conclusion

From a non-parametric analysis performed with data of
year 2006 and 2007, it is found out that only the pavement
quality and the numbers of carriageways have significant
difference in the distribution of number of cases between the
two years. The present study also showed that only time and road
shoulder width affected the injury severity level for collisions
involving tree cases. Night-time, dual carriageways roads, wavy
and holed condition roads and roads with road shoulder width
below 2.5 m were found as the more influential variables with
significant values of odds ratio to cause fatal collisions. A collision
with a tree during night-time is 3.25 times more likely to cause
fatalities than during daytime. This may be strongly due to
the low driver’s visibility at night. Low driver’s visibility and
drowsiness due to driving during normal sleeping hours
can lead to a high possibility of run-off-road (ROR) collision.
Furthermore, the possibility of fatal collisions on dual
carriageway road is three times higher than on single
carriageway. Along dual carriageway roads, trees are

2 Speed of a vehicle against a barrier, or of a mobile barrier on impact with

a vehicle, in an equivalent crash test.
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occasionally planted along the road median. Thus, this will
increase the risk exposure for vehicles to collide with trees
along the median when encountering an ROR collision. In
addition, the risk of fatal collision on wavy and holed
condition roads is two times higher than on good and flat
condition roads. A wavy pavement causes drivers to face
difficulties in controlling the vehicle and the holed pavement
forms water puddles during rain which causes the vehicle’s tyres
to lose grip. Collisions on a road with road shoulder width less
than 2.5 m is 2.7 times more likely to cause fatalities. The result
of guardrail installation and wider clearance zones contributed
to lower frequencies of fatal tree related collision on roads with
road shoulder width above 2.5 m. These are the variables that
need to have more attention in order to reduce the level of
severity of tree related accidents in Malaysia.
The PDRM data lacks in-depth details of road traffic collision
with trees. Thus, the MIROS in-depth analysis was needed to
acquire those missing details. From the MIROS data, the author
found that ejected vehicle occupants were at a higher risk of
getting seriously or fatally injured in single-vehicle accidents
involving trees. This stresses the importance of seatbelts
use to keep the occupants inside the vehicle during a
collision, be it side or frontal. The identified dominant collision
mode is the side collision. As a matter of fact, side collisions
usually have a higher accident severity compared to other
modes of collision. With a suggested minimum clearance
zone standardized at 9 m, with the 110 km/h speed limit as
reference, the study clearly shows that 18 out of 19 cases had
their respective clearance zones less than 9 m. As per
concluded, the nature of tree planting along Malaysian
roads especially highways still adopts a backward approach
toward road safety. By having trees planted within the 9 m
of clearance zone, this can cause to more severe and fatal
injuries whenever accidents happened here. With the removal
of hazardous objects within the clearance zone, it will yield a
very promising return on the Benefit to Cost Ratio (BCR) value
of 121 which in turn would reduce the fatality rate and injury
severity of collisions involving trees.
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The author would like to point out that the limitations in
the in-depth details of PDRM data and a small number of
MIROS data might have slightly hindered the reliability of the
analysis results of the present study. Further analysis with the
support of the above data and information may provide a more
comprehensive understanding of single-vehicle accidents
involving trees in Malaysia.
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28 km
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crossing

Roadside safety barriers
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422
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875

268 km

Motorcycle lanes

116 sites

1 110

187 sites

Intersection signalise
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1 371

270 km

Shoulder
widening

797
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121 km

Duplication
(additional lanes)

35 km

8 175

377 km

Additional lane

Median barrier

9 655

1 647 km

RM 83 078 906
(USD 26 019 233)

RM 99 701 068
(USD 31 225 078)

RM 124 413 879
(USD 38 964 810)

RM 150 148 598
(USD 47 024 589)

RM 183 291 607
(USD 57 404 549)

RM 235 216 888
(USD 73 666 872)

RM 258 140 911
(USD 80 846 377)

RM 327 649 952
(USD 102 615 706)

RM 404 498 912
(USD 126 683 801)

RM 2 097 829 683
(USD 68 944 986)

RM 2 412 680 404
(USD 755 620 138)

RM 2 849 484 813
(USD 892 421 600)

Present value of
KSI saved
KSI Saved (20
safety benefit
(20 years)
years)
(20 years)

Road side safety hazard removal

Length or
Countermeasure
Countermeasure
number
of
type Type
sites

RM 8 470 000
(USD 2 652 694)

RM 12 620 000
(USD 3 952 420)

RM 2 648 250
(USD 829 397)

RM 1 280 000
(USD 400 879)

RM 6 775 000
(USD 2 121 842)

RM 10 085 000
(USD 3 158 491)

RM 15 013 000
(USD 4 701 876)

RM 25 380 000
(USD 7 948 686)

RM 33 979 000
(USD 10 641 781)

RM 220 140 000
(USD 68 944 986)

RM 178 540 000
(USD 55 916 407)

RM 23 475 500
(USD 7 352 221)

RM 8 470 000
(USD 2 652 694)

RM 12 940 000
(USD 4 052 640)

RM 10 593 000
(USD 3 317 590)

RM 1 280 000
(USD 400 879)

RM 13 550 000
(USD 4 243 684)

RM 20 170 000
(USD 6 316 982)

RM 16 784 500
(USD 5 256 687)

RM 25 380 000
(USD 7 948 686)

RM 33 979 000
(USD 10 641 781)

RM 220 140 000
(USD 68 944 986)

RM 178 540 000
(USD 55 916 407)

RM 23 475 500
(USD 7 352 221)

Estimated cost to
Estimated
initialinitial
Estimated
build and maintain
construction
cost cost
construction
(20 years)

RM 30 088
(USD 9 423)

RM 38 304
(USD 11 996)

RM 25 128
(USD 7 870)

RM 2 516
(USD 788)

10

8

12

117

14

RM 21 817
(USD 6 833)

15
RM 19 189
(USD 6 010)

12

13

RM 22 861
(USD 7 160)

RM 25 307
(USD 7 926)

12

10

14

121

RM 24 791
(USD 7 764)

RM 30 970
(USD 9 699)

RM 21 840
(USD 6 840)

RM 2 431
(USD 761)

Programme
Cost
perper
KSIKSI saved
Cost
benefit-cost
saved (20(20
years)
years)
ratio

The appendix provides a summary of the recommended countermeasure programmes for the three levels of investment:
BCR ≥ 5; BCR ≥ 2; and BCR ≥ 1.
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Appendix

Summary of recommended countermeasure programmes
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RM 12 810 236
(USD 4 011 999)
RM 12 397 299
(USD 3 882 673)
RM 11 767 502
(USD 3 685 429)

43

42

40

31 825

0

1

2

13

RM 7 500
(USD 2 349)

RM 15 000
(USD 4 698)

RM 30 500
(USD 9 552)

RM 264 000
(USD 82 681)

RM 412 000
(USD 129 033

RM 1 595 000
(USD 499 533)

RM 320 000
(USD 100 220)

RM 179 000
(USD 56 060)

RM 2 732 000
(USD 855 627)

RM 2 040 000
(USD 638 901)

Estimated initial
construction cost

RM 9 392 307 715 RM 546 000 750
(USD 2 941 548 676) (USD 181 193 243)

RM 100 638
(USD 31 519)

RM 213 612
(USD 66 901)

RM 457 741
(USD 143 359)

RM 3 872 942
(USD 1 212 955)

RM 9 130 120
(USD 2 859 435)

RM 48 764 606
(USD 15 272 441)

165

31

RM 66 657 398
(USD 20 876 231)

Present value of
safety benefit
(20 years)

226

KSI saved
(20 years)

Source: International Road Assessment Programme (2009)

TOTAL

0.1 km

0.2 km

Regulate roadside
commercial
activity

Parking
improvements

0.7 km

Bicycle facilities
on or off road

5 km

Pedestrian
footpath

7 km

16 sites

Intersection roundabout

Rumble strip /
flexi-post

13 km

Central hatching

6 km

26 km

Lane widening

Road surface
upgrade

62 sites

Length or
number of
sites

Intersection right turn
provision
(signalised site)

Countermeasure
type

RM 578 546 500
(USD 181 193 243)

RM 15 000
(USD 4 698)

RM 30 000
(USD 9 396)

RM 30 500
(USD 9 552)

RM 528 000
(USD 165 363)

RM 824 000
(USD 258 066)

RM 1 595 000
(USD 499 533)

RM 320 000
(USD 100 220)

RM 358 000
(USD 112 121)

RM 5 464 000
(USD 1 711 254)

RM 4 080 000
(USD 1 277 803)

Estimated cost to
build and maintain
(20 years)

RM 18 179
(USD 5 693)

RM 43 988
(USD 13 777)

RM 41 448
(USD 12 981)

RM 19 665
(USD 6 159)

RM 40 235
(USD 12 601)

RM 26 635
(USD 8 342)

RM 40 002
(USD 12 528)

RM 7 618
(USD 2 386)

RM 8 248
(USD 2 583)

RM 33 068
(USD 10 357)

RM 18 064
(USD 5 657)

Cost per KSI
saved (20 years)

16

7

7

15

7

11

7

39

36

9

16

Programme
benefit-cost
ratio
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