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Executive Summary
This report highlights the relationship between the existing median barrier types
and engineering characteristics that contribute to the selection and installation
factor on seven rural expressways in Peninsular Malaysia. Each barrier system
exhibits characteristics that make a given type of barrier more desirable in one
location than another type of barrier. Thus, four engineering criteria are considered
in this study. The engineering criteria are alignment of road, numbers of lane, drain
design, and median design.
Based on the analysis, it was observed that 91.8% of the median barrier type used is
median guardrail barrier. The remaining median barriers are median concrete
barrier with 5.9% and a median wire rope barrier with the percentage of 2.4%. It can
be concluded that guardrail type is used more than concrete and wire rope on rural
expressways in Malaysia. In addition, results obtained indicate that there is a
significant association between the existing median barrier types with the road
alignment at 95% confidence level (p<0.05). The road alignment was divided into
straight and curved sections. Based on the analyses, it was found that almost equal
percentage of w-beam guardrail were installed on straight and curved sections.
Whereas, concrete barrier more common on curved roads and wire rope were
preferred on straight road.
This study also to determine the relationship between posted speed limit with
engineering characteristics. Only two engineering characteristics were considered
which are road alignment and number of lanes to perceive the association since
they are proven has relations with the speed in the past research. The result
attained from the relationship between posted speed limit with the road alignment
shows that the w-beam guardrail and wire rope was mainly installed on a rural
expressway with a posted speed limit of 60 and 110 kph on a straight road. The
concrete barrier can be observed at locations with speed limits of 80 and 90 kph

xi

Classification of Median Barrier Types on Rural Expressway in Malaysia

common at the curved road. Whereas, the result from the relationship between
posted speed limit with a number of lanes shows that, since rural expressways in
Malaysia have a higher installation of the w-beam guardrail, therefore, at every
transition of the speed limit, there is a w-beam guardrail and mainly located at the
four-lane dual carriageway. The wire rope had installed in 4-lanes road rather than
6-lanes road and commonly located before approaching the toll plaza since the
wider area will give an opportunity to have a wide median that can fulfil the wire
rope requirement. Whereas, the concrete barrier which is mostly located at six-lane
dual carriageway to prevent crossover median crashes and also comply with a
limited space of deflection due to the narrow median.
This study covers approximately 60% of the total length of expressways in Malaysia,
thus further study should be conducted to cover the remaining network of
approximately a total 1600 km of highway length. In addition, since there are not
many studies regarding median barrier in Malaysia, the data collected in this study
can serve as an inventory of future research works, especially on the association
between crash risk and types of median barrier.
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1.

Introduction

Crash data for the last ten (10) years was reported to be at an average of 375, 459
crashes which had occurred in Malaysia and about 6,522 people had died while
8,387 were seriously injured in road crashes (Royal Malaysian Police, 2012). One of
the factors contributing to the road injuries and fatality statistics in Malaysia is
vehicle crashes into roadside and median objects. Over the years, road traffic
barriers were used to mitigate and reduce the number of deaths and serious injuries
due to vehicle crashes with roadside and median objects. Previous researchers have
proven the usage of traffic barrier as one of the effective measures in reducing the
crash severity (Wen, H. & Eric, T.D., 2010). Despite the positive effect of traffic
barriers, they are also recognised as a hazard themselves. Therefore, in the Malaysia
traffic barriers are only warranted at locations where the consequence of an errant
vehicle leaving the roadway is judged to be more hazardous than the impact with
the barrier itself (Road Engineering Association of Malaysia, 2006).
Many efforts were taken by the government of Malaysia to ensure that the traffic
barriers were installed where required. Not just installed, later in the year 2007, the
Malaysian Cabinet had decided to enhance existing guardrail standards from TL2 to
TL3-TL6 especially for stretches of roads running alongside a slope and with a history
of crashes. These efforts were done to improve the level of safety on our roads
(MIROS, 2007). Installation of traffic barriers to reduce the risk of injury and fatality
is in line to the safe system approach introduced in Sweden, which recognized that
road users made mistakes and were vulnerable in a road crash. It is not possible to
prevent road crashes, but death and serious injury resulted from the crashes can be
prevented through providing forgiving roads. Despite the general function of traffic
barriers are to protect motorists from fixed objects along the carriageway and to
reduce the severity from run-of-crashes, it is also effective to separate vulnerable
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road users from other motorists and separating opposing traffic on divided
highways.
Therefore, this study is designed to establish the relationship between the existing
median barrier types and engineering characteristics that contribute to the selection
and installation factor. The output from this study is hoped to provide an
understanding of engineering characteristics that are significant to be considered
during the selection of median barrier types to be installed on Malaysian's roads.

1.1

Problem Statement and Research Questions

Preliminary observation conducted along the Malaysian expressway exposed
various types of median barriers were installed, and different types were used by
different highway concessions. As an example, more New Jersey Barrier (NJB) can be
seen on the SILK Expressway while on the LEKAS Expressway the wire rope,
guardrail, and NJB were chosen to be installed on these roads. Based on the review
of the Malaysian road design standard for road traffic barrier (REAM, 2006), design
speed, the percentage of heavy vehicle composition and the expected performance
test level must be considered in choosing the appropriate barrier types for
installation. It was clear that the engineering characteristics such as road alignment,
the number of lanes, median types or drain design was not set as one of the
selection criteria. Therefore, this study is conducted to answer the research
question below:
i. What are the most types of median barrier installed on our expressway?
ii. Is there any significant relationship between median barrier types and
engineering characteristics?
iii. What are the engineering characteristics that are significant to be
considered during the selection of median barrier so that the effectiveness
of the median barrier can be improved?

2
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1.2

Aim and Objectives of the Study

The aim of this study was to identify the type of median barrier used on rural
expressways in Malaysia.
The objective of this study are:
i.
ii.

1.3

To establish the relationship between median barrier types and engineering
characteristics
To determine the relationship between posted speed limit with engineering
characteristics

Scope and Limitation of the Study

The study was only focusing on the median barrier along rural expressways, with a
posted speed limit of 110 kph in Peninsular Malaysia. The definition of rural
expressway was adopted from Professional Engineers of Ontario, which define rural
expressway based on the nature of the surrounding area and development and
some characteristics of traffic such as:
i.
ii.
iii.

Trip length tends to be longer than urban expressways
Have less traffic on a typical day
Typically have fewer lanes or not more than four lanes

Additionally, only four engineering characteristics considered in this study namely
alignment of road, numbers of lane, drain design and median design. Due to the
difficulty to do data collection and measurement on the high-speed expressway,
most of the data were only obtained by a drive through video recordings.

3
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1.4

Organisation of the Report

Five main chapters were divided in this report covering the main aspects of the
study conducted on median barrier. The first chapter provides the background of
the study, the problem, the aim of the study, scope and limitation of the study and
the organization of the report. The second chapter presents a review of the past
studies regarding the median barrier. This chapter also provides a summary of the
current practices of transportation agencies in relation to median design, and more
importantly, the guidelines followed by departments of transportation for the
installation of median barriers. The third chapter explains the research process and
the data collection method. The fourth chapter discusses the findings in line with
the research objectives. The fifth chapter discusses on the outcomes of the research
and suggestions for future research.

4
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2.

Literature Review

These sections are intended to provide readers with basic knowledge by reviewing
past studies regarding the traffic barrier, especially on median barrier. Information
on engineering criteria used in selecting appropriate traffic barrier was also
reviewed to gain a better understanding and at the same time to find the research
gaps.

2.1

Traffic Barrier

The function of the traffic barrier is to reduce the severity from run-off-road crashes
by redirecting smoothly the run-of-vehicles at a low departure angle and reduce the
risk of interacting with other vehicles (Alberta Infrastructure and Transportation,
2007). In addition, a traffic barrier is effective to protect motorists from fixed
hazards located along either side of the edge of the carriageway, separates the
vulnerable road users (pedestrian, bicyclist, and motorcyclist) from other motorists,
separating opposing traffic on divided highways and controlling access.
Traffic barrier has been proven as a beneficial measure in reducing crash severity.
However, the placement of traffic barrier must be given careful consideration. It
must not be installed if the crash severity predicted to be higher than going down an
embankment, cross over into an opposing lane or striking a fixed object. Traffic
barrier can be classified based on the location of the barrier on roads i.e. roadside
barrier and median barrier.

5
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2.1.1 Roadside Barrier
The roadside barrier was defined as a system designed to redirect vehicles that
impact on only one side of the barrier (Alberta Infrastructure and Transportation,
2007). The roadside barrier is more suitable to protect motorists from collisions with
fixed objects along the edge of the roadway, including the right side of divided
carriageway with wide median width, to prevent run-off-road motorists from going
down an embankment, and as a separator for an exclusive lane. The example used
on the roadside barrier is shown in Plate 1 where errant vehicles were protected
from roadside hazards (trees).

Plate 1 W-beam roadside guardrail

2.1.2 Median Barrier
Normally, the median barrier is a system designed to be impacted from both sides
(Alberta Infrastructure and Transportation, 2007). The placement of the barrier is on
the median of divided carriageway and functions to separate and protect a road
user travelling in opposing traffic. The Washington State Department of
Transportation, 2013 added that effective median barrier should be able to prevent

6

Classification of Median Barrier Types on Rural Expressway in Malaysia

the out-of-control vehicle from crossing the divided carriageway, colliding with fixed
hazard in the median and reduces the risk of an errant vehicle deflecting a vehicle
back into the traffic stream travelling in the same direction during the barriervehicle collision. The REAM, 2006, in addition, did highlight the functions of the
median barrier to decelerate the errant vehicle within the tolerable limits and
improve safety through the limitation of access along divided carriageway. Plate 2,
Plate 3 and Plate 4 shows a few examples of the median barrier system in Malaysia.

Plate 2 Wire-rope median barrier
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Plate 3 W-beam guardrail median barrier

Plate 4 Concrete median barrier
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2.1.3 Traffic Barrier Warrants
The REAM has underlined three warrants that require the installation of traffic
barrier, i.e. embankment, fixed object and median (REAM-GL9/2006, p.9). Traffic
barrier is required at an embankment when engineering judgement concludes that
going off the embankment would be more severe than hitting the barriers, and
there has been a history of over-embankment crashes. An unbreakable fixed object
that is accessible to traffic and located within the clear zone area must also be
shielded with the traffic barrier. The third warrant is to prevent the cross-median
crash, where the traffic barrier is warranted on high speed and controlled access
roads which have relatively flat and traversable medians. Careful judgement and
consideration need to be given to installing a traffic barrier, and they are not
necessarily to be installed at all locations along the roadway because the traffic
barrier it can be a hazard to road users.

2.1.4 Traffic Barrier Category
Traffic barrier can be categorised into three groups, i.e. rigid, semi-rigid and flexible
based on the deflection characteristics. Rigid barrier refers to the longitudinal safety
barrier which does not deflect upon impact such as the concrete barrier. Semi-rigid
barriers can accept small to moderate deflection when the collision occurred. The
common example of the semi-rigid barrier is a w-beam guardrail. On the other
hand, flexible barrier is able to absorb the dynamic impacting kinetic energy through
the posts, anchors, and the pre-tensioned wire ropes. Flexible barrier posts were
designed to collapse progressively on impact (REAM, 2006).
Alberta Infrastructure and Transportation defined traffic barrier deflection as the
distance measured from the barrier face to the expected lateral distance the barrier
will move under impact. Therefore, the deflection characteristic of traffic barrier is
an important criterion to determine the minimum separation needed between
barrier and hazards. Insufficient spacing will limit the barrier deflection and can turn
the barrier into a hazard itself, defeating the purpose of the traffic barrier. Table 1
summarised and differentiate the characteristics of each barrier category.
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Table 1 Characteristics of traffic barrier category

Category

Rigid barrier

Semi-rigid barrier

Flexible barrier

F-shape concrete
barrier

W-beam barrier
(single/double wbeam), Thrie-beam
barrier, Modified Thriebeam barrier

Wire rope barrier

1.7 – 3.4 m

Barrier
system

Deflection

Negligible if
appropriately fixed into
the ground

0.5 – 1.2 m

Function

Mitigating crossover
collisions

Mitigating vehicle
collided with roadside
and median hazard

Installation &
maintenance
cost

The initial cost of
installation can be
relatively high, but
relatively low life-cycle
cost, effective safety
performance, and
relatively maintenancefree characteristics.

Semi-rigid barriers can
be less costly than a
rigid barrier, but can be
more difficult to install
in locations with slope
and poor soil
conditions.

Energy
absorption
during
crashes

Crashes associated with
rigid barriers may result
in more severe injuries
because a rigid system
absorbs the least
energy in a crash.

Guardrail systems are
designed to absorb
energy during a crash,
and the entire
assembly is designed to
move or deflect during
an impact.

Sources: Federal Highway Administration and REAM GL 9/2006
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To prevent a vehicle
from leaving the
travelled way and
striking a fixed object
Wire rope systems
generally have a lower
installation cost.
However, they typically
require maintenance
after a crash, and
therefore can have a
higher life cycle cost.
Minimize the forces on
the vehicle and its
occupants and absorb
most of the energy of a
crash. Considered as
the most forgiving
barrier systems
available for reducing
the severity of
crossover crashes.
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2.2

Selection of Barrier Type of Installation

Based on the guideline published by REAM, each of the traffic barrier categories can
be presented by a barrier system as listed in Table 1. A common barrier system that
is available in Malaysia and discussed further in this report are the w-beam barrier,
concrete barrier and wire rope barrier. Each of the traffic barrier systems will exhibit
characteristics that make a selected barrier system unique and more desirable at
certain locations compared to other locations. Eight selection criteria for selecting a
suitable barrier system is listed in Table 2.
Table 2 Traffic barrier selection criteria

Criteria

Performance
capability

Deflection

Site conditions

Compatibility

Details
Different types of traffic barrier systems generally have different
performance capabilities that can be assessed for Test Level 1 to
Test Level 6. Each of the six test levels was defined by impact
conditions, i.e. speed, the angle of approach, vehicle mass and
vehicle type. Test Level 1 represents a low-performance level while
Test Level 6 represents a higher performance level. The selection of
a barrier system must consider the barrier ability to contain and
redirect vehicle in the event of a crash. Therefore, locations with a
high percentage of heavy vehicles, adverse geometric conditions
and serious consequences if a vehicle rolled over the barrier might
require high-performance capability.
The distance between traffic barrier and hazards must be sufficient
for barrier deflection. If limited space is available, rigid to semi-rigid
barrier should be the only choice available.
The condition at the site may limit the usage of some barrier
system. For example, concrete barrier is not suitable if the distance
from the edge of the carriageway is too great or wire rope barrier
should be considered on a slope steeper than 1 (V): 10 (H).
The selected barrier system must be compatible with existing
barrier in terms of transition and end treatment. It is also an
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Cost

Maintenance

Aesthetics
Field
experience

advantage if the construction and maintenance personnel are
familiar with the barrier system.
The initial cost and maintenance cost must be bearable by the road
authority. High strength barrier requires high initial cost, but it may
decrease the maintenance cost.
Maintenance can be categorised as routine and post-crash
maintenance. Therefore, the selection of barrier system must
consider the maintenance factor to ensure that traffic barrier
performance and life can be sustained.
Aesthetic criteria are not a significant factor except in sensitive
locations such as recreational or historical areas.
The performance and maintenance of existing barrier must be
observed and evaluated to identify the appropriateness of the
barrier system.

Source: REAM GL 9/2006

It is clear that the selection criteria above are focusing more on the traffic barrier
performance, costs, and maintenance requirements. However, engineering criteria
such as road alignment, numbers of lanes, type of drainage, and median design are
not considered as the criteria for selecting an appropriate traffic barrier system. The
next sections (Section 2.2.1 to Section 2.2.6) introduce and discuss the possible
engineering criteria that might be considered during the selection stage of traffic
barrier system.

2.2.1 Alignment of Road
The alignment of the road can be categorised into two categories, i.e. horizontal and
vertical alignment. Horizontal alignment consists of straights sections of the road,
known as tangents, connected by circular horizontal curves while vertical alignment
includes tangent grade and sag or crest vertical curves (Garber, N.J. & Hoel, L.A.,
2002). Milton, J. & Mannering, F., 1998 stated that horizontal and vertical
alignments are one of the critical elements in highway safety. It is common to
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predict that most of the road crashes happened on curves or grades than on
relatively straight tangent sections due to limited sight distance and other factors.
Garber, N.J. & Hoel, L.A., 2002 in their book highlight that crash rates for horizontal
curves are higher than on tangent sections, with rates ranging between 1.5 and 4
times greater than on straight sections. They added that only 34.6% of the crashes
occurred on a flat road, whereas 65.4% occurred on a grade or at the location where
grades change. However, the scenario in Malaysia shows a different trend where
the number of crashes was high on a straight and level section (RMP, 2012). This
observed pattern is consistent for the five years (2008-2012) crash data by straight
and curve alignment in Malaysia as shown in Table 3.
Table 3 Road accident by straight and curve alignment

Year

2008

2009

2010

2011

2012

Road alignment
Straight
Curve
4,014
1,065
4,150
1,014
7,762
1,532
4,450
936
4,424
919
7,430
1,222
3,767
1,050
3,362
813
5,900
1,072
4216
1119
2852
758
5811
943
4374
1058
2818
649
6020
961
71,350
15,111

Type of road accident
Fatal
Serious
Minor
Fatal
Serious
Minor
Fatal
Serious
Minor
Fatal
Serious
Minor
Fatal
Serious
Minor
Total accident
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In addition, based on the 439 road crashes investigated by MIROS during the four
year period (2007 to 2010) which involved three and above fatalities in cases
involving all types of vehicles and at least one fatality involving a commercial
vehicle. Thus, MIROS has found out that substandard crash barrier was identified as
one of the contributors to injury for crashes occurring in the curve and straight
section (3.5% on curve section and 1.9% on the straight section). It is also important
to note that injury in crashes occurring on the slope and flat road gives the same
percentage for substandard crash barrier factor i.e. 2.5%. Interestingly, even though
the total number of cases investigated on straight and flat section is high compared
to the curve and slope section, the substandard crash barrier factor seems to cause
more injury on a curve and slope sections (Ahmad Noor Syukri et al., 2012).
Based on the above findings, it is clear that the road alignment played an important
role in the selection of traffic barrier types. The appropriate and compatible traffic
barrier type is able to reduce the risk of injury in the event of road crashes. This is
supported by the report from the WSDOT, 2013 which stated that the alignments of
the road are amongst the important factors to be considered in the selection of
barrier types.

2.2.2 Number of Lanes
Some lanes affect road users of the pavement they perceive as usable. Multiple
lanes mean road users have more space for driving while a single lane provided less
or limited space for them to drive. Multiple lanes combine with a wide road width
will increase the area available to drive and provide more comfort to the road user.
The comfort in driving can be associated with high speed driving behaviour, thus a
higher risk of crashing (Sexton et al., 2004). Deller J., 2013 in his study suggests that
the increase in the number of lanes appears to be associated with an increase in
crashes and fatalities. As the number of lanes increase, the mobility will increase in
parallel and this allows for growth in the traffic volume. Hence, there will be more
vehicles on the road and more exposures identified as a factor that contributes to
the increase in the number of road crashes and fatalities in the Deller study.
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On the other hand, reducing the number of lanes is not advisable in road design. It
will not only decrease the performance of the road network, but also reduce the
distance between opposing traffic especially when the median width is limited. This
situation could lead to the risk of head-on crashes if no mitigation was provided in
the median to prevent crossover crashes. In conclusion, the number of lanes should
be given consideration when selecting the measures for median design to mitigate
or reduce the risk of injury due to road crashes especially run-off and crossover
crashes.

2.2.3

Drain Design

Drainage design involves providing facilities that collect, transport and remove
storm water from the highway (Delaware Department of Transportation, 2008).
Proper design of drainage must be able to remove water as soon as possible from
the road surface and prevent the storm water due to heavy rain from reaching the
roadway embankment. California Department of Transportation, 2001 added that a
good roadway drainage design must also provide safety and convenience for
motorists and pedestrian traffic. Well functioning drainage is crucial in the road
design since it will affect the serviceability and lifespan of the road, including the
roadway structural (Delaware Department of Transportation, 2008 and McGee et
al., 2009). In terms of safety concerns, bad drainage design could lead to water
ponding and hydroplaning issue on the driveway and could be the cause of road
crashes. Typically, this kind of facility can be provided through natural stream flow
or man-made ditches. Four (4) types of drain design that can be found on Malaysian
roads are unlined, partially lined, lined and inlets drain as shown in Plate 5 to
Plate 8.

15
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Plate 5 Unlined drain

Plate 6 Partially lined drain
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Plate 7 Lined drain

Plate 8 Inlets drain

WSDOT design manual stated that the choice and use of traffic barrier could be
influenced by medians and the roadside environment. For example, at locations
where medians or roadsides are used for drainage, retention of storm water or
existence of wetlands, the placement of concrete barrier and beam guardrail may

17
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create the need for additional impervious material. In Texas, Alberson et al., 2007
suggests that although the installation of the high tension cable barrier (HTCB) in
the ditch centre (such as unlined drain) would tend to provide the largest desirable
deflection space, the ditch soils are often relatively less compacted than the
shoulder. At the same time, the ditches are subject to water accumulation, and
there are often structured in the median such as catch basins or culvert outlets.
These factors tend to make the installation of HTCB in the ditch centre more
expensive. Based on California Department of Transportation, 2001 median ditches
should be as shallow and as flat as possible. Where deep ditches are unavoidable, a
barrier may be needed on both sides of the ditch. In addition, the thrie-beam barrier
is suggested to be adaptable to most median drainage conditions.
Hence, the drainage design of the median is an important factor to be considered
during the selection of traffic barrier system. The selected traffic barrier system
must be performed adequately during road crashes and at the same time do not
reduce the performance of the drainage system on the median.

2.2.4 Median Design
The median on a carriageway was used to separate traffic travelling in opposing
directions and normally reserved for areas that are not intended for use by
motorised vehicles. At an intersection area, the median can also serve as a refuge
for a pedestrian to cross the multiple lane roadways.
Median that separates opposing traffic on the expressway can be described as a
flush, raised or depressed based on its general elevation relative to the adjacent
edges of traffic lanes. Professional Engineers of Ontario (PEO) describe flush and
raised medians as a narrow median while the depressed median is always referred
to as a wide median due to the width and the function as a channel that drains a
roadway’s.

18
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Plate 9 (depressed median), Plate 10 (paved median) and Plate 11 (different
elevation of paved median) show different types of median design that can be
observed on the Malaysia rural expressway. Thus, for this study, by PEO definitions,
it can be classified as the depressed median in category wide median, the paved
median can be both in category wide median and narrow median and different
elevation in the narrow median.
In other countries’ practices, Safety Transportation cites in an AASTHO Green Book
indicates their rural freeways commonly use 50-100 ft (15.2-30.5 m) for their
median width. In flat terrain, the suitable median width is 100 ft (30.5 m) if there is
a potential that the median width will be decreased to provide added travel lanes.
On a mountainous terrain, a suitable median width is 10-30 ft (3-9.1 m). With rolling
terrain, median width with an average width of 150 ft (45.7 m) or more may be
used. In Malaysia practices, based on on-site observation, in flat terrain usually used
the wide median rather than the narrow median. The median width at wide median
at least (5-11 m). The narrow median can be observed on mountainous and rolling
terrain with at least median widths with 2.5 metres and more.
According to Safety Transportation, median barrier installation followed AASTHO’s
Roadside Design Guide. The installation is based on average daily traffic (ADT) and
median width. As in guideline, for all median width between 30-50 ft (9.1-15.2 m)
and less than 30 ft (9.1 m) and the ADT is less than 20,000, the median barrier
considered to be optional and for median width greater than 50 ft (15.2 m), the
barrier is not normally considered.
Different elevation on pavement used by various names. Based on safety
transportation as in their website, they called the paved surface drop-off, which is
created by a difference in elevation between two surfaces of the pavement. Typical
examples are:
i.

The travel lane is higher than the shoulder area. This condition often occurs
during a pavement overlay that is applied without an appropriate raising of
the shoulder level. Another example is due to the lack of proper
maintenance, the unpaved shoulder that becomes significantly eroded.
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ii. Pavement elevation differences between or within paved lanes and
shoulders. These are normally temporary conditions that occur during
pavement overlay operations.
Pavement edge-drop off is a hazard rather than paved surface drop off. This is
because, when a vehicle strays from the travel lane onto the roadside area, the
normal reaction of a driver is to return to the haven of the travel lane. The driver's
urgency to make this return is usually heightened by the sudden drop when the
shoulder or roadside elevation is significantly lower than the travel lane. In this
situation, the vehicle normally overturned as at the edge of the road does not
provide with the roadside barrier. Through a study by Safety Transportation, they
highlighted that special consideration should also be given when considering a
barrier for medians separating travelled ways at different elevations. This is due to
the possibility of an errant driver leaving the higher roadway to return to the road as
the difference in elevation increases. In such cases, there is an increased probability
of a cross-median head-on collision occurring.

a) Depressed median
with shrub

b) Depressed grass
median

Plate 9 Various types of depressed median (wide median)
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c) Depressed median with
partially lined drain
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a) W-beam guardrail on
wide paved median

b) Wire rope on wide paved
median

c) Concrete on narrow paved
median

Plate 10 Paved median

Plate 11 Paved surface drop-off

The most desirable median condition for placement of traffic barrier is relatively flat
slopes (preferably ≤ 1 (V): 20 (H) or not more than 1 (V): 10 (H)) and free of rigid
objects (REAM, 2006). If these conditions cannot be met, modifications need to be
conducted for barrier placement. If the w-beam guardrail is going to be installed on
the median, it may need the minimum of 600 mm of earth behind the post. This is
for the sufficient lateral earth pressure to allow w-beam guardrail to bend and
deflect. Where it is not possible to provide 600 mm clearance (to the concrete drain
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or embankment for different elevation median) w-beam guardrail needs to be made
rigid by concreting the post or reduce post spacing to 1.0 m to minimise deflection
as suggested by REAM. Variability type or median design will, in turn, require
different types of traffic barrier that can suit to the environmental needs.

2.2.5 Posted Speed Limit
The speed limit sign is one of the tools for controlling speeding behaviour among
road users. It must be installed continuously at certain intervals along highways so
that driver is reminded on the speed limit along the roads. A previous study by Tang
et al., 2010 found that traffic signs information is maintained in the driver’s memory
for approximately 5-55s only. When the driver perceives a new traffic sign, they will
gradually forget the contents of speed limit signs. After that, if no speed limit sign is
observed by the driver, they tend to increase their speed. Tang et al., 2010 also
suggest that speed limit signs can be placed at intervals of three to five minutes
driving distance.
High speed can significantly increase severe crashes and injury severity levels on the
road segment. This is expected from the huge impact of vehicles at high speed when
a crash occurs (Jiang et al., 2014). Therefore, there is substantial reason to consider
different traffic barrier system based on the speed limit on site. Where road
condition is good, and the speed limit is high (110 kph), greater performance level
barrier may be considered subject to the impact of crashes with traffic barrier will
not cause more serious injury.
Through observation along rural expressways in Malaysia, the speed limit is
gazetted to 110 kph and the speed is reduced to 90, 80 or 60 kph when approaching
hazardous locations such as hills and curved areas and as well at the toll plaza.
Moreover, with the availability of posted speed limit data can be used to discuss
whether posted speed limit has any relations with engineering characteristic or not.
Only two engineering characteristic was discussed; road alignment and a number of
lanes. This is due to road alignment and a number of lanes in other research, it is
proven has relations with speed (Elliot et al., 2003).
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3.

Methodology

This research was carried out from July 2014 until December 2014. The total of 936
km length of the rural expressway was surveyed inclusive of the North-South
Expressway (PLUS), East Coast Expressway (LPT 1), Guthrie Corridor Expressway,
North-South Expressway Central Link (ELITE), Kajang-Seremban Highway (LEKAS)
and Seremban-Port Dickson Highway (SPDH) as detailed out in Table 2. The
methodology framework used in this research can be categorised into three major
steps, i.e. identifying rural expressway in Malaysia, data collection and data analysis.
A detailed explanation of the methodology applied in this research is explained in
this chapter. The execution of methodology in an effective and accurate way will
guarantee the value of this research.

3.1

Site Selection

A list of the expressway was identified at the beginning of the research. It was found
that there are 27 expressways available in Malaysia. Out of these, seven (7)
expressways were identified as rural expressway based on the criteria mentioned by
Professional Engineers of Ontario where rural expressway was indicated based on
the:
i.
ii.
iii.

Nature of the surrounding area and development
The trip length that tends to be longer, and
Typically have less traffic and fewer lanes

Based on the above-mentioned criteria, the rural expressway in Malaysia was
determined and listed in Table 4.
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Table 4 Details on rural expressways

Expressway

Length
(km)

Section

387

Sungai Buloh to Jitra

110 kph

275

Johor Bahru to Bangi

110 kph

160

Gombak to Gambang

110 kph,
90 kph and 60 kph

16

Shah Alam to Rawang

110 kph, 90 kph
and 80 kph

37

Nilai to Shah Alam

40

Ampangan to Semenyih

21

Port Dickson to Seremban

North-South Expressway
(Northern Route, E1)
North-South Expressway
(Southern Route, E2)
East Coast Expressway
(LPT 1, E8)
Guthrie Corridor
Expressway
(GUTHRIE, E35)
North-South Expressway
Central Link (ELITE, E6)
Kajang-Seremban
Highway (LEKAS, E21)
Seremban-Port Dickson
Highway (SPDH, E29)

3.2

Speed limit

110 kph
110 kph and 60
kph
110 kph and 80
kph

Data Collection

After identification of the seven (7) rural expressways, data collection was planned.
Due to the difficulties to obtain safe location along the expressway to stop and do
measurement and data collection together with the troubles to acquire work
permits from the highway concessionaires, this research was only conducted by
using drive-through video recordings. Data needed for the research was then
retrieved from the video recording in the office. The details on the data collection
activities and types of data obtained from the video recording are explained in this
section.
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3.2.1 Drive-through Video Recording
Drive-through video recording was carried out along the seven identified rural
expressway. Efforts were made to record as much detail as possible on the median
barrier. During the video recording, the driver was requested to drive with the
constant speed approximately less than 70 kph to ensure the quality video was
recorded. The vehicle was driving in the middle lane so that the low speed of
recording vehicles will not be interrupted by the high-speed vehicles on the fast
lane. During the drive-through process, where permitted, the observer will stop and
do on-site measurements and digital photo recordings to get more detail
information. Drive-through video recordings were conducted for both travelling
direction and only conducted during the good weather.

3.2.2 Data Retrieval
Data from the video recordings were retrieved in the office. A video was played for a
few times to ensure that the information regained from the video is accurate. For
the purpose of data analysis, static segmentation method was used during the data
retrieval process. In the static segmentation method, the length of each segment is
fixed and identified by dividing the road into segments with specific lengths. This
method has been the practice in many countries. Therefore, in this study, the road
was divided into segments with 1 km interval and data was recorded for every
segment. Kilometre post as shown in Plate 12 was used to identify and mark the
road segment.
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Plate 12 Expressway’s kilometre post

Types of data obtained during this process include traffic barrier category, traffic
barrier system, road alignment, the number of lanes, median design, drainage
design and other information that deem with the research objectives. Aside from
that, general information, including expressway name, start and end coordinate of
the expressway, posted speed limit, date and time of video recording and weather
during the data collection were also recorded.
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3.3

Data Analysis

The collected data was tabulated and analysed using the SPSS 16.0 statistical
package. The descriptive statistics analysis consists of cross tabulation and
frequency distribution was conducted in this study. Cross tabulation displays the
joint distribution of two or more variables while frequency distribution provides the
distribution of one variable. Cross tabulation is usually presented as a contingency
table in a matrix format. In this study, the dependent variable was defined as types
of median barrier system (column) while the independent variable is the
engineering criteria (row). In addition to descriptive analysis, chi-square analysis was
also conducted to establish any possible relationship between types of median
barrier system and engineering characteristic. For chi-square analysis, the value is
not reliable if 25% of the cell count are less than 5 (Rohayu S. et al., 2010).
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4.

Results and Discussions

This section discusses the results and findings of the study. The data collection
activities were completed by December of 2014. The data were then gathered and
descriptive analyses were done according to the objectives of the study.

4.1

Percentage and Frequency of Barrier System Per
Kilometre

This section discussed percentage and frequency of barrier system per kilometre
(km) by expressway, road alignment, the number of lanes, drainage design, and
median design.

4.1.1 Expressway
A total of 936 km of the rural expressway (i.e. ELITE, GUTHRIE, LEKAS, LPT, PLUS
(north and south bound) and SPDH) were surveyed during the data collection
period. Maps on barrier types by each expressway and number of lanes provided in
Appendix 1 by using ArcGIS software. The findings in Table 5 indicated w-beam
guardrail was installed on the most rural expressway median in Malaysia with 91.8%
(n=859 km) followed by the concrete barrier (5.9%) and the wire rope with 2.4%.
Based on the analysis, it is clear that w-beam guardrail is the only median barrier
system available on ELITE, GUTHRIE, LEKAS, and SPDH. The concrete barrier can be
observed at certain locations on LPT (3.2%) and PLUS (northbound - 2.5% and
southbound - 0.2%) and, the wire rope barrier can only be seen on PLUS
(northbound - 0.7% and southbound - 1.7%).
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Table 5 Percentage and frequency of barrier system per km by expressway
Expressway

Expressway
length
(km)

Barrier system
Concrete

Guardrail

Wire rope

ELITE

37

0%
n=0

4.0%
n=37

0%
n=0

GUTHRIE

16

0%
n=0

1.7%
n=16

0%
n=0

LEKAS

40

0%
n=0

4.3%
n=40

0%
n=0

SPDH

21

0%
n=0

2.2%
n=21

0%
n=0

PLUS NORTH BOUND

387

2.5%
n=23

38.2%
n=358

0.7%
n=6

PLUS SOUTH BOUND

275

0.2%
n=2

27.5%
n=257

1.7%
n=16

LPT

160

3.2%
n=30

13.9%
n=130

0%
n=0

TOTAL

936

5.9%

91.8%

2.4%

*n= per km observation

The presence of concrete barrier in the median of LPT and PLUS was observed
mainly on the curve and hilly terrain. Moreover, wire rope was detected on the wide
median or approaching the toll plaza. The absence of other types of a median
barrier on ELITE, GUTHRIE, LEKAS and SPDH is likely due to the alignment of the
road consisted of straight and flat sections as compared to the LPT and PLUS where
hilly terrain and sharp bends can be observed.

4.1.2 Road Alignment
Only the horizontal alignment, which is divided into straight and curved sections
were observed in this study. Table 6 shows the types of median barrier system
installed on a straight and the curve section of the rural expressway in Malaysia.
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Based on the analyses, the percentage of a concrete barrier on curve median
section is higher (9.4%) as compared to straight median section (3.7%). Most of the
concrete barrier was observed on LPT (at Karak) and PLUS (northbound) where the
road alignment is a combination of straight, curved, flat and hilly terrain. Wire rope
on straight section is 2.5% more than the curve section of roads and it was observed
on PLUS (southbound) where the road alignment is more straight and flat. The
trends are similar with w-beam guardrail where it was installed along 534 km of a
straight section of road and this is 209 km more than it was installed on the curve
section. This result is similar to the finding concluded by Safety Transportation
where median can either be used concrete, w-beam guardrail or wire rope based on
the physical conditions of the terrain. In flat terrain, w-beam and wire rope medians
are common, and in rolling or mountainous terrain concrete medians may be
needed due to topography or environmental constraints, besides retaining more
energy dissipated whenever a collision occurs.
Table 6 Percentage and frequency of barrier system per km by road alignment
Road alignment

Barrier system
Concrete

Guardrail

Wire rope

Straight

3.7%
n=21

93%
n=534

3.3%
n=19

Curve

9.4%
n=34

89.8%
n=325

0.8%
n=3

*n= per km observation

4.1.3 Number of Lanes
In this study, two types of road cross-section were considered; i.e. four-lane dual
carriageway and six-lane dual carriageway. Table 7 represents frequency and
percentage of median barrier system types per kilometre by the number of lanes.
Results from the analysis reveal that 71% (n=662 km) of the rural expressway in
Malaysia were designed with four-lane dual carriageway compared to only 29%
(n=274 km) of the six-lane dual carriageway.
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Table 7 Percentage and frequency of barrier types per km by number of lanes
Number of lanes

Barrier system
Concrete

Guardrail

Wire rope

Total

4

5%
n=33

91.7%
n=607

3.3%
n=22

100%
n=662

6

8%
n=22

92%
n=252

0%
n=0

100%
n=274

*n= per km observation

The percentage of the w-beam guardrail is almost similar on both the four-lane dual
carriageway and the six-lane dual carriageway with only 0.3% difference. It was
clear that concrete barrier can be observed more on the six-lane dual carriageway
while wire rope can only be observed on the 4-lane dual carriageway.
There is a possibility that when the number of lanes is less (four-lane dual
carriageway), designers can provide more space for the median or in other words a
wide median. The provision of the wide median is, therefore, sufficient for the
installation of wire rope where the maximum deflection is up to 1.7 m. Vice versa,
the increase in the number of lanes will, in turn, reduce the width of the median. At
the same time, as mentioned by Elliot et al., 2003, when the number of lanes
increase, more areas are available to drive, and the driver, is more comfortable and
this can be associated with speeding behaviour. Therefore, concrete barrier is
seemed to be more suitable for six-lane dual carriageway to prevent crossover
median crashes and also a space of deflection is limited due to the narrow median.

4.1.4 Drainage Design
Four (4) types of drain design were considered in this study, i.e. unlined table
(Plate 5), partially lined (Plate 6), lined (Plate 7) and inlet drainage (Plate 8).
The absence of drainage on the median was also recorded during the
observation. Table 8 shows the percentage and frequency of barrier system by
the drainage available on-site.
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Table 8 Percentage and frequency of barrier system per km by drainage design

Drainage design

Barrier system
Concrete

Guardrail

Wire rope

Inlet drainage

100%
n=55

0%
n=0

0%
n=0

Lined drainage

0%
n=0

54.8%
n=17

45.2%
n=14

No drainage

0%
n=0

100%
n=394

0%
n=0

Partially lined
drainage

0%
n=0

100%
n=241

0%
n=0

Unlined table
drainage

0%
n=0

96.3%
n=207

3.7%
n=8

*n= per km observation

It is clear that when the concrete barrier is installed on site, inlet drainage will be
provided. This is practically provided to remove water from the road surface and in
line with a recommendation from the California Department of Transportation,
2001 which stated that concrete barrier requires special drainage design such as
slotted drain inlets.
Out of 859 km of road surveyed with w-beam guardrail installed on median, 394 per
km observation (45.9%) was not provided with any drainage system, 241 per km
observation (28.1%) was provided with partially line drainage and 215 per km
observation (24.1%) with unlined table drainage. At the location where no drainage
was provided on the median, it may be due to the water on the roads being
removed to the roadsides.
On the other hand, the wire rope median barrier was observed more on the lined
drainage system with 45.2% and the unlined drain with 3.7%. Normally, the effect
on the barrier’s impact performance can also be related to terrain conditions. For
example, slopes and drainage swales in the median can cause a vehicle to overturn,
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which may result in the vehicle going over or under the barrier. However, due to the
limitations of the data collection conducted, the additional treatment that may be
provided for the barrier to be functioning effectively and suits the site condition
(e.g. installation of wire rope at unlined drainage where the soil is often relatively
less compactor) cannot be observed.

4.1.5 Median Design
For the purpose of analysis, the median design was categorised into three types; i.e.
depressed median (grass), paved median and different elevation of the paved
median. It was observed that most of the median on the rural expressway was
designed to be on the paved median (613 per km observation).
As in Table 9, the concrete barrier can only be found on the paved median with the
percentage of 9%, w-beam guardrail was observed at the depressed median (256
per km observation), on a different elevation (45 per km observation) and the paved
median (558 per km observation). Through a study by Safety Transportation, they
highlighted that special consideration should also be given when considering a
barrier for medians separating travelled ways at different elevations. This is due to
the possibility of an errant driver leaving the higher roadway to return to the road as
the difference in elevation increases. In such cases, John C. Glennon, 2005
recommended that it may be necessary to install longitudinal barriers such as a
guardrail or concrete barriers to prevent collision regarding pavement drop-off.
On the other hand, the wire rope barrier is placed on the depressed median with a
percentage of 7.9%. The placement of wire rope on the depressed median is seen to
be appropriate because the depressed median is normally associated with a wide
median as defined by the Professional Engineers of Ontario. The wide median is
suitable for wire rope to deflect sufficiently and function effectively to reduce crash
severity.
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Table 9 Percentage and frequency of barrier types per km of median design

Median
design
Depressed

Concrete
0%
n=0

Paved
surface
drop-off
On paved
median

Barrier types
Guardrail
Wire rope
92.1%
7.9%
n=256
n=22

Total
100%
n=278

0%
n=0

100%
n=45

0%
n=0

100%
n=45

9%
n=55

91%
n=558

0%
n=0

100%
n=613

*n= per km observation

4.2

The Relationship Between Types of Median Barrier
System with Engineering Characteristics

The association between types of median barrier system with engineering
characteristics is based on chi-square analysis. Statistically, the p-value less than
0.05 indicates the significant relationship. However, in this study, only road
alignment shows the association. Other characteristics cannot proceed to a chisquare analysis due to the value is not reliable if 25% of the cell count are less than
5 (Rohayu S. et al., 2010).
Based on the statistical analysis, there is a significant relationship between types of
median barrier system and road alignment at 95% confidence level (p<0.05). This
means, a road alignment characteristic also can be another selection criteria in
selecting the median barrier types to be installed on the new or existing road. This is
supported by FHWA reports that the selection of a median barrier depends on
various factors such as traffic volume, speed limits, traffic vehicle mix, median
width, cross slope, the number of lanes, roadway alignment, history of previous
crashes recorded, and maintenance costs.
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4.3 The Relationship Between Posted Speed Limit with
Engineering Characteristics
The cross-tabulation analysis was conducted in this part. Only two engineering
characteristic was discussed; road alignment and a number of lanes. This is due to
road alignment and a number of lanes in other research, it is proven has relations
with speed (Elliot et al., 2003).

4.3.1 Posted Speed Limit by Barrier Type with Road Alignment
By Table 10, with a speed limit of 60 kph, w-beam guardrail was observed installed
on both curve and straight road alignment on the rural expressway. However, it is
also important to note that wire rope can also be observed in the location where
the speed limit is 60 kph, and this area is normally approaching the toll plaza. The
toll plaza area will be planned to have a wide area to accommodate the toll plaza
design. Therefore, the wider area will give an opportunity to have a wide median
that can fulfil the wire rope requirement.
Whereas, the concrete barrier can be observed at locations with speed limits of 80
kph and 90 kph basically at curve road. The selection of concrete barrier at this
location is basically due to the hilly and curved road alignment at the location. Based
on the observation, the speed limit at this location was reduced from 110 kph to 80
kph or 90 kph to alert driver on the substandard design of the road sections.
The analysis also shows that only 2% of concrete barrier and 5% of wire rope were
installed on the speed limit of 110 kph. By Hawzheen Karim, Moudud Alam, 2012
citing in Carlsson and Brüde (2004, 2005, 2006) found that the damage risk for wire
rope barriers along roads with a speed limit of 110 kph is 20% higher than on roads
with a speed limit of 90 kph. By these findings can be concluded that, wire rope not
suitably located in a location with a higher speed limit. However, Hawzheen Karim,
Moudud Alam, 2012 also concluded that roads with a speed limit of 110 kph usually
have a better geometrical standard than roads with 90 kph speed limits. This is due

35

Classification of Median Barrier Types on Rural Expressway in Malaysia

to smother alignment and better visibility probably contribute to a lower risk of
damage to roads with an 110 kph speed limit. However, when the crash occurred,
the impact forces increase with the speed of the impacting vehicles cause a severe
crash at the speed limit with 110 kph. Thus, it is advisable, used a higher
containment level, such Test Level 3 (TL-3) and above. In addition, based on per km
observation, w-beam guardrail was mainly installed on a rural expressway with a
posted speed limit of 110 kph on a straight road.
Table 10 Cross-tabulation analysis by road alignment with speed limit and barrier type

Speed limit

Road alignment
Curve
Straight
20%
n=1
80%
100%
n=4
n=2
57%
17%
n=8
n=2
43%
83%
n=6
n=10
65%
48%
n=22
n=15
35%
52%
n=12
n=16
1%
1%
n=3
n=4
98%
96%
n=303
n=506
1%
4%
n=3
n=19

Barrier type
Concrete

60
Guardrail
Concrete
80
Guardrail
Concrete
90
Guardrail
Concrete
110

Guardrail
Wire rope

*n= per km observation
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4.3.2 Posted Speed Limit by Barrier Type with Number of Lanes
This section also uses analysis of the cross-tabulation method. According to AbdelAty & Radwan, 2000 cited in Milton and Mannering (1996) studies found that the
number of lanes is a highly significant factor in predicting crash frequency. More
lanes tend to increase crash frequency. The increase in the number of lanes will, in
turn, reduce the width of the median. At the same time, as mentioned by Elliot et
al., 2003, when the number of lanes increase, more area is available to drive, and
the driver is more comfortable and this can be associated with speeding behaviour.
As in Table 11 shows a summary of the concrete barrier which is mostly located at
the speed limit of 90 kph. This concrete barrier is seemed to be suitable for six-lane
dual carriageway to prevent crossover median crashes and also a space of deflection
is limited due to the narrow median. Since rural expressways in Malaysia have a
higher installation of guardrail w-beam, therefore, at every transition of the speed
limit, there is a w-beam guardrail and mainly located at the four-lane dual
carriageway.
Furthermore, Villwock, Blond, & Tarko, 2011 study regarding wire rope on crash
frequency and severity. As in their findings, the most severe crashes decrease more
than 8% when adding a lane in each direction by installing a wire rope on the wide
median. Meanwhile, the severe crashes are less than 6% when the width is reduced
to the widening of the road by installing wire rope. Thus, through their study can
support that wire rope installation in our country is a good practice due to the
authority had installed that safety median barrier at 4-lanes road rather than 6lanes road.
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Table 11 Cross-tabulation analysis by number of lanes with speed limit and barrier type

Speed limit

Barrier type

4-lanes
100%
n=4
35%
n=6
65%
n=11
49%
n=22
51%
n=23
1%
n=5
95%
n=569
4%
n=22

Concrete
60
Guardrail
Concrete
80
Guardrail
Concrete
90
Guardrail
Concrete
110

Guardrail
Wire rope

*n= per km observation
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6-lanes
33%
n=1
67%
n=2
44%
n=4
56%
n=5
75%
n=15
25%
n=5
1%
n=2
99%
n=240
-
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5.

Conclusion and Recommendations

The findings have shown that the highest types of median barrier installed on seven
(7) rural expressways are w-beam guardrail with 91.8%. The remaining median
barriers are the concrete barrier (5.9%) and wire rope barrier (2.4%). This is
presumably due to its relatively cheaper initial installation cost compared to the
other barrier types. There are also other factors, which govern the selection and use
of the w-beam guardrail as stated in the selection guideline published by REAM. This
study attempts to investigate if they are other relevant factors that influence the
use of different types of median barrier.
In this study, engineering characteristics, namely the number of lanes, road
alignment, drainage design and median design were studied to determine if they
could be part of the considerations in the selection process. Results obtained
indicate that there is a significant association between the existing median barrier
types with the road alignment at 95% confidence level (p<0.05). The road alignment
was divided into straight and curved sections. Based on the analyses, it was found
that almost equal percentage of w-beam guardrail was installed on straight and
curved sections. Whereas, concrete barrier more common on curved roads and wire
rope was preferred on a straight road.
This study also to determine the relationship between posted speed limit with
engineering characteristics. Only two engineering characteristics were considered
which are road alignment and number of lanes to perceive the association since
they are proven has relations with the speed in the past research. The result
attained from the relationship between posted speed limit with the road alignment
shows that the w-beam guardrail and wire rope was mainly installed on a rural
expressway with a posted speed limit of 60 and 110 kph on a straight road. The
concrete barrier can be observed at locations with speed limits of 80 and 90 kph
common at the curved road. Whereas, the result from the relationship between
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posted speed limit with a number of lanes shows that, since rural expressways in
Malaysia have a higher installation of the w-beam guardrail, therefore, at every
transition of the speed limit, there is a w-beam guardrail and mainly located at the
four-lane dual carriageway. The wire rope had installed in 4-lanes road rather than
6-lanes road and commonly located before approaching the toll plaza since the
wider area will give an opportunity to have a wide median that can fulfil the wire
rope requirement. Whereas, the concrete barrier which is mostly located at six-lane
dual carriageway to prevent crossover median crashes and also comply with a
limited space of deflection due to the narrow median.
This study covers approximately 60% of the total length of expressways in Malaysia,
thus further study should be conducted to cover the remaining network of
approximately a total 1600 km of highway length. In addition, since there are not
many studies regarding median barrier in Malaysia, the data collected in this study
can serve as an inventory of future research works, especially on the association
between crash risk and types of median barrier.
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APPENDIX 1: Maps on Median
Expressways and Number of Lanes
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