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Executive Summary
This report highlights the findings of the study conducted on exclusive motorcycle lane
(EMCL) on Federal Road 2. Data collection was conducted in 2014 at five (5) types of
egress and three (3) types of ingress. Types of data collected are non-conflict and with
conflict interaction, motorcycle speed and traffic volume.
Safety evaluation of each type of egress and ingress were based on the interaction
between entering/exiting motorcyclist and through motorcyclist on the EMCL. Withconflict or unsafe interaction was defined based on the evasive action taken by a
motorcyclist. The common evasive action observed on sites are an abrupt brake,
swerving and noticeable accelerating taken by motorcyclists to avoid a crash.
Findings show that no serious conflicts or unsafe interaction were observed at egress
Type E2 (with auxiliary lane) and Type E4 (give way length more than 15 m). For ingress
section, Type I4 (give way more than 15 m) is considered as the low-risk design with
the lowest number of conflict or unsafe interaction observed (1.9%). In retrospect, the
Y-access type recorded the highest serious conflict or unsafe interaction at both egress
(30.5%) and ingress (54.6%) and considered as the most high-risk types of access.
Based on the results obtained, the following recommendations were suggested:
i.
ii.
iii.

Design of egress and ingress needs to be reviewed and further studied is
needed to improve the safety of motorcyclist at the access point of EMCL.
The presence of auxiliary lane at the merging point of EMCL access is
recommended to reduce risk at the access point of EMCL.
Warning sign and road marking on EMCL especially at access point can be
improved to increase motorcyclist alertness and safety as a whole.
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1.

Introduction

The motorcycle accidents contributed about 59% of the traffic fatalities in Malaysia. In
2012 alone, more than 15,000 motorcycle injuries were reported. The statistics have
shown that the motorcycle fatalities were consistently increasing at the rates of 2%. To
improve the motorcycle safety, the government has built exclusive motorcycle lanes at
several highways with the aim to segregate them with other vehicles. Though the
initial study showed the effectiveness of the facilities in reducing motorcycle accident,
it has seen several issues pertaining to the facilities recently. Focusing on access to and
from exclusive motorcycle lane (EMCL), onsite observations at EMCL on Federal Road 2
exposed a variation access design (egress and ingress). This study is to evaluate the
existing egress and ingress and determine the design criteria for egress and ingress.
Findings obtained from this research will help fill in the gap in existing motorcycle
guideline and contribute to the development of safer egress and ingress of EMCL.

1.1

Aims and Objectives

The aim of the study is to evaluate the safety of egress and ingress of EMCL by using
traffic conflict as a study variable. The outcomes from this study will provide an initial
overview of the better design criteria for egress and ingress.
The objective of the study was to evaluate the safety of egress and ingress of EMCL by:
i.
ii.
iii.

identifying the various type of egress and ingress design available at EMCL
specifically at Federal Road 2,
determining the rate of conflict for a different type of egress and ingress
design, and
suggesting recommendations for safer egress and ingress design.
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1.2

Scope and Limitation

Data collection for the study was conducted in March 2014. The scope of the study
covers the conflict observation at egress and ingress of exclusive motorcycle lane. The
type of egress and ingress design implemented throughout Malaysia is well
represented on EMCL on Federal Road 2. This study was thus conducted only on
exclusive motorcycle lane on Federal Road 2. Data collection was conducted during
fine weather in the daytime and peak and off-peak period. Two (2) main data collected
are motorcycle volume and motorcycle interaction (safe and conflict). Data was
collected using video recording technique.
Some of the locations identified earlier for data collection were not available during
the data collection period due to the road maintenance work conducted. This is
involved ingress Type I1 (90° angle) and Type I2 (auxiliary lane type). This is the
limitation faces during the study period and will be explained further in Section 3.1.

1.3

Report Structure

The contents of this report were organised sequentially in five sections. Section 1
provides a background on the works done and objectives that need to be achieved at
the end of the project period. The next section (Section 2) describes the related
literature review to gives the reader more understanding and knowledge of the issues
discussed in this report. Subsequent sections (Section 3) describe methods used in
order to obtain necessary on field data and information. The accuracy in applying all
the methods will help to provide good findings that will be discussed in detailed in
Section 4. Finally, conclusions are drawn, and recommendations are made in Section 5
based on the findings obtained on site.

2
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2.

Literature

This section will provide a review of previous study available regarding the motorcycle
safety in Malaysia, facilities provided to reduce motorcycle injuries and fatalities, the
conflict study to evaluate the effectiveness of the facilities provided and other relevant
information that deems necessary to be explained to the reader.

2.1

Motorcycle Safety

The motorcycle is the highest contributor to a fatal road accident in Malaysia. Royal
Malaysian Police (PDRM) accident data for the year 2012 reported 4,178 (60%)
motorcyclists lost their lives, and 11,307 were injured in traffic accidents. Based on the
compilation of accident statistics from the year 2000 to 2012, the average percentage
of fatalities involving motorcyclists is approximately 59% (Royal Malaysia Police, 2012).
Motorcyclists are more vulnerable to the injuries and fatalities in the event of
accidents due to the lack of protection where the helmet and the clothing worn are the
only possible protection gear. This is supported by a study on risk injury (Radin Umar et
al., 1995) where the overall relative risk of motorcyclist injury is about 20 times higher
than passenger cars.
Further analysis of the fatalities data (2000-2012) indicates that motorcycle fatalities
are increasing on average by two percent yearly as shown in Figure 2.1. Malaysian
Institute of Road Safety Research (MIROS) reported that the last ten years trend in
motorcyclist fatalities (2010-2000) shows that biggest increment was in 2007 (3,646) –
2008 (3,898) with almost 7% of increment (Sarani, Roslan, & Saniran, 2011). The yearly
increase in the country’s population and motorisation ownership is one of the
contributions to the increase in the number of motorcycle fatalities. According to the
records (2001-2011) from Road Transport Department (JPJ), motorcycles represented
more than half of all registered vehicle population in Malaysia. The number of
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registered motorcycles has increased about 47% from 5.61 million in the year 2000 to
10.59 million in the year 2012 as shown in Figure 2.2 (Road Transport Department
Malaysia, 2014). Leong and Mohd Sadullah (2007), in their study, pointed out that
traffic congestion problem, space constraints, lack of parking space in the city centre,
cheaper operation cost for motorcycle and poor public transport system are the
factors contributing to the exponential growth of motorcycle population in Malaysia.
The facts that the present motorcycles population and fatalities are growing each year;
Malaysia is expected to lose more human resources if business carried on as usual. In
the year 2014, Malaysia recorded an approximate of RM4.6 million losses due to
motorcycle fatalities. This was estimated based on a study by Nor Ghani et al. (2001),
which suggests the statistical value of life for motorcyclists to be RM1.2 million that by
which may have grossly increased in the recent years.

Figure 2.1 Motorcyclist vs. other road users fatalities data from the year 2000 to 2012
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Figure 2.2 Total number of registered motorcycle and registered vehicles (JPJ 2001-2011)

2.2

Motorcycle Facility

In a mixed traffic system, motorcyclists share the road with a larger vehicle and this
result in a differential cruising speed and mixed flow conflicts. A study of traffic speed
conducted by Hauer (1971) showed that vehicles travelling with large speed variance
were more likely to be involved in an accident. If the motorcycles are segregated from
other motor vehicles, we would efficiently be able to isolate the said risks. Currently,
there are two types of motorcycle infrastructure facilities; exclusive and non-exclusive
motorcycle lane to segregate motorcycle traffic.

2.2.1 Exclusive Motorcycle Lane (EMCL)
EMCL is on paved road and completely separated from the carriageway as shown in
Plate 2.1. This type of facility can only be implemented on the carriageway with the
wide right of way. The first EMCL was constructed along Federal Highway, F02 in the
early of seventies with support from World Bank. It connects the city of Kuala Lumpur
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and Subang International Airport with the total length of 16 km. Later in early of 1992,
the extension of the EMCL was carried out by Projek Lebuhraya Utara Selatan (PLUS)
from Subang International Airport to Shah Alam and Klang. This makes the total length
of EMCL along FR02 is approximately of 30 km per direction (Kuala Lumpur – Klang and
Klang – Kuala Lumpur). The constructions of major sections of the EMCL have
completed ahead of schedule and it was opened to the public in November 1993.
Nowadays, exclusive lanes are also found in Shah Alam Expressway (KESAS), Subang
Airport Route (FT15), Putrajaya, Butterworth-Kulim Expressway (BKE), Guthrie Corridor
Expressway and Port of Tanjung Pelepas Highway.

Plate 2.1 EMCL that totally segregating the motorcyclists from other road users

Following the opening of first exclusive motorcycle lane (as part of the Federal Route 2
(F02)) to public in November 1993, various studies were conducted to evaluate the
effectiveness of the facility. Preliminary findings by Radin Umar (1995) point out
significant overall reduction excluding accident occurring on the main carriageway by
approximately 34%. In 1996, Radin Umar added that the introduction of 30 km long
(per direction) of exclusive motorcycle lane has significantly reduced motorcycles
accident by 39% per year (Radin Umar, Mackay, & Hills, 2000). Furthermore, Radin
Umar and Barton (1997) have proved that the preliminary Benefit to Cost Ratio (BCR)
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of providing an exclusive motorcycle lane ranges from 3.3 to 5.2 depending on
assumptions used in calculating the motorcycle accident costs and the capacity of the
exclusive motorcycle lane. The study indicated that even though the cost for provision
of exclusive motorcycle lane is high, the benefit is at least three times higher than the
construction cost whereby resulting in a cost-effective approach to tackle motorcycle
safety problems in Malaysia.
One issue pertaining to the provision of EMCL is under-utilisation. Previous observation
conducted by MIROS in 2012 on Putrajaya EMCL found out that motorcyclist tends to
avoid using the exclusive lanes (Zakaria, R. et al., 2012). Based on the random interview
with the local motorcyclist and residents of Putrajaya, most of them were reluctant to
use the facility provided due to criminal threats and at the same time doubt with the
safety level of the EMCL. Observation at KESAS and Guthrie Corridor Expressway also
indicate the same pattern of under-utilisation. However, a proper study on this issue
has never been conducted. The high usage of EMCL can only be seen along FR02 as
reported by Muhammad Marizwan, A.M., and Syed Tajul Malik (2010), that 89.4% of
motorcyclist utilised the exclusive lane during peak hour and 86.1% motorcyclists
complied with its use during the off-peak hour.
One of the possible causes of under-utilisation issues is the deficiencies in the
geometry design of the exclusive motorcycle lane, which may lead to the safety issues.
During the initial construction of exclusive motorcycle lane, there was limited
knowledge on design standard and experience related to motorcycles needs and
behaviour. As a result, the motorcycle lane may be over-designed or under-designed
and unsuitable for motorcycle use. In 2011, Road Engineering Association Malaysia
(REAM) in collaboration with Jabatan Kerja Raya (JKR) Malaysia had come out with
guidelines for motorcycle facilities. The guideline covers for exclusive and nonexclusive motorcycle lane. The gaps in the guidelines for EMCL are that not very much
information was provided regarding the geometric criteria of the facility.
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2.2.2 Non-Exclusive Motorcycle Lane (NEMCL)
The non-exclusive motorcycle lane (NEMCL) was designed on existing roads as part of
the carriageway to provide a dedicated path for motorcyclists to move along with
other motorised traffic. It can be divided into two (2) types; NEMCL that has pavement
marking defining the corridor that is set aside for motorcyclists (Plate 2.2) and NEMCL
without designated pavement marking or known as the paved shoulder (Plate 2.3).
Paved shoulder generally acts as a lateral support for the pavement. The width of the
paved shoulder varies between 1.5 m to 2.0 m depending on the function of the roads.
Motorcyclists may travel on the paved shoulder while other motorists are not allowed
to use the paved shoulder except for emergency and vehicle breakdown. Table 2.1
shows the locations of non-exclusive motorcycle lane throughout Malaysia.

Plate 2.2 NEMCL with pavement marking to define the motorcycle lane and reduce potential
conflict
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Plate 2.3 NEMCL without designated pavement marking or any physical barrier
Table 2.1 Non-exclusive motorcycle lane in Malaysia
State

District

Route name

Road
number

Road
section

Kedah

Kota Setar/
Padang Terap

Jalan Alor Setar – Kangar

FT007

6.2 – 13.2

Kuala Muda/ Sik

Jalan Butterworth – Alor Setar

FT001

801.4 –
817.1

Larut Matang
dan Selama

Jalan Kuala Sepetang – Taiping

FT074

14.4 – 14.7

Hilir Perak

Jalan Sempadan Selangor –
Simpang Empat – Sungai
Dedap

FT005

563.9 –
570.15

Jalan Tanjung Medan – Bidor

FT058

0.0 – 2.5

Jalan Pontian – Batu Pahat

FT005

44 – 50

Perak

Johor

Selangor

Pontian

Jalan Pontian – Batu Pahat

FT005

58 – 66

Kluang

Johor Bahru – Seremban

FT001

67 – 80

Batu Pahat

Johor Bahru – Melaka

FT005

116 – 124

Muar

Johor Bahru – Melaka

FT005

167 – 180

Ledang

Johor Bahru – Melaka

FT005

183 – 186

Sepang

Puchong – Putrajaya

FT029

50.5 – 55.7

Laluan Nilai – Banting

FT032

10 – 20
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Terengganu

Kelantan

Kemaman

Kuala Terengganu – Kuantan

FT003

433 – 438

Dungun

Kuala Terengganu – Kuantan

FT003

438 – 442

Kuala Terengganu – Kuantan

FT003

447.1 –
447.5

Kota Bahru

Kota Bahru – Pasir Puteh

FT003

701 – 705

Tanah Merah

Laluan Machang – Gerik

FT004

141 – 143

The NEMCL are exposed to the violation by other motorists due to the absence of
physical separator. This, in turn, reduces the usage of the facility among the
motorcyclists. Other motorists (car, truck, and buses) might use the NEMCL to overtake
or parking. Syed Tajul Malik et al., (2015) conducted a study to evaluate the noncompliance (motorcycles not using the facilities) and misuse (other vehicles using the
facilities) of NEMCL. Based on the findings, the width of the facilities, the width of the
adjacent clear zone, use of coloured separator marking and use of road studs along the
separator marking, influences actions of a motorcyclist and other drivers in using, or
not using the facility. The use of motorcycle lane width of 2.0 – 2.5 m, provision of
more than 1 m clear zone, the red colour of separator and installing road studs were
identified to improve the overall usability rate among road users.
All the issues related to motorcycle lane have reduced the usage percentage.
Motorcyclists are abandoning the facility provided for them because they feel safer
using the main carriageway and mixed with other motorists. Efforts should be made to
encourage the usage of the motorcycle lane and indirectly increase the safety of
motorcyclists.

2.3

Egress and Ingress

Access to and from exclusive motorcycle lanes is provided through the egress (path of
exiting from the motorcycle lane) and ingress (path of entering into the motorcycle
lane). Onsite observation conducted at EMCL in Federal Road 2 and Shah Alam
Expressway (KESAS) exposed a variation of egress and ingress design as shown in Plate
2.4. The different design requires motorcyclists to make distinctive decisions to
complete related manoeuvres.
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At present, to the best knowledge of the author, no published work was done on the
optimum design of egress and ingress of EMCL or the effects of each design on crash
and injury risk has been found in the literature. As such, no conclusion can be made on
the best and safer design of EMCL egress and ingress. However, the concept and
function of egress and ingress can be interpreted to similar as ramp terminal on the
main carriageway. Ramp terminal is generally designed with auxiliary lane
(acceleration and deceleration lane). The purpose of the auxiliary lane is to allow
exiting or entering the vehicle to change speeds at the lane rather in a through traffic
lane (Fitzpatrick, Brewer A, Dorothy, & Park Sug, 2014). With this, vehicle-to-vehicle
speed differentials in the through lane can be reduced, and degree of interference with
through traffic can be minimised.

Plate 2.4 Various design of egress and ingress on Federal Road 2 EMCL

There are numbers of basic design principles that must be followed by the design
engineer to design safer access point. O’Flaherty et al., (1997) has listed out the basic
access design principles, which include the importance to separate or reduce points of
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conflict. This can be achieved by prohibiting certain traffic movements at the
intersection, and the usage of auxiliary lanes is one of the good measures in reducing
points of conflicts. In addition, he also highlights the importance to provide
appropriate references (road sign and markings) and adequate visibility in both
horizontal and vertical alignment, which is fundamental to access design. It is clear that
the provision of the auxiliary lane is vital to reduce vehicles conflict and accident at
terminal ramp area, and the basic principle may be adopted at the egress and ingress
of EMCL to increase the motorcycle safety but with modification to suit the needs of
motorcyclists. However, further research needs to be conducted to ensure that the
design improvement is necessary and will be beneficial to all parties.

2.4

Traffic Conflict

No doubt, that accident statistic is a vital indicator to evaluate the safety of certain
roads. However, reliable and details accident data is a big challenge to the most
country. It is very unlikely that we can observe accident happen. Therefore, an
accident report prepared by a police officer is the only source that normally can be
obtained and relying on accident reports can sometimes give rise to bias conclusions
made by the police officer. Furthermore, many accidents especially minor accident
where no injury or fatality involved may not be reported, and this can hamper the
analysis. Moreover, accident frequencies are normally segregated by locations, time
and type.
To overcome the issues pertaining to the flaw in accident data, researcher around the
world has accepted traffic conflict as an approach for safety analysis. Traffic conflict
defined as an event involving the interaction of two or more road users, where one or
both drivers take evasive action to avoid a collision (Parker & Zegeer, 1988). The
evasive action is usually braking, swerving, acceleration, or a combination of these.
There are estimated between 3,000 and 40,000 conflicts for each injury accident
reported by the police depends on the type of conflict and the severity of the conflict
(Almqvist & Ekman, 2001). Almqvist added that three (3) days of traffic conflict
observations better estimates than waiting for three years of accident data.
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There is a difference in the movement of a car and a motorcycle where car normally
run on a lane-based and seldom to do lane changes while motorcycle frequently
changes directions and may travel alongside other vehicles in the same lane (Nguyen,
Hanaoka, & Kawasaki, 2014). Nguyen has confirmed three types of motorcycle conflicts
i.e. rear-end conflict, T-bone side conflict and sideswipe conflict and high flow density
may lead to conflicts associated with a greater probability of sudden breaking.
Almqvist (2001) also stressed the importance of volume count to estimate risk.
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3.

Methodology

This research was carried out from June 2012 and extended until April 2014. Figure 3.1
shows the flow-chart that describe the overall approach of this research towards
meeting the research objectives. Generally, this research is to evaluate the various
designs of egress and ingress currently available on EMCL at Federal Road 2 by using
traffic conflict technique and later to determine which design is safer for motorcyclists.
At the end of the study, the general characteristic of egress and ingress can be
suggested for implementation.

Figure 3.1 Research flow chart

3.1

Site Selection and Criteria

The total length of EMCL on Federal Road 2 is approximately 30 km (Kuala Lumpur –
Klang – Kuala Lumpur), and it recorded the highest percentage of usage (89.4% during
peak hour and 86.1% during the off-peak hour). Due to that, EMCL on Federal Road 2
was chosen as a study area. From site visit, a total of 71 accesses (33 egresses and 38
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ingresses) available for both directions along Federal Road 2 as summarised in Figure
3.2 and Table 3.1.
Table 3.1 Number of egress and ingress along Federal Road 2
Direction

Egress

Ingress

Kuala Lumpur - Klang

17

19

Klang - Kuala Lumpur

16

19

Total

33

38

A total of 10 locations (five at egress and five at ingress) were selected during the site
visit to the EMCL on Federal Road 2 in June 2013 for the purpose of this study. Each of
the selected locations for egress and ingress was having different characteristics. In
other words, there a five (5) different characteristic and each characteristic were
representable by one (1) egress and one (1) ingress. The locations were selected based
on the criteria below:
i.
ii.
iii.

The availability of elevated viewing and/or concealed locations for placement
of video camera and the position of the observer.
The high number of exiting and entering motorcycle at egress and ingress.
The volume on the motorcycle lane and main carriageway are almost similar
between each location.
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3.2

Data Collection

Data collection during the observation period plays a critical role in the successful of
the study. It is very important to ensure that observer understands well the type of
data collected on site. The identified parameters to be measured and collected
together are road geometry data, traffic data and traffic conflict. Data collection was
only focusing on the motorcycle lane because of the difficulty to get data on the main
carriageway due to heavy and high-speed traffic.
The road geometry data includes motorcycle lane width, entry angle of egress and
ingress, the length of egress and ingress slip lane, the width of egress and ingress slip
lane and the width of shoulder lane were measured on the field using a measuring
wheel. Figure 3.3 explain the location of the road geometry measurement.

Figure 3.3 Road geometry data

Traffic data (volume and speed) were collected by using a video camera. A video
camera was set up within the exclusive motorcycle lane area to videotape the required
data. The position of the video camera on site was illustrated in Figure 3.4. Aside from
traffic data, the video recorded was also used to validate the motorcycle interaction
(safe or conflict) observed and recorded manually on site.
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Table 3.4 Positioning of video camera during data collection

Traffic volume, speed data and interaction (safe or conflict) were only recorded for
every interaction occur between exiting/entering motorcycle and through motorcycle.
In the event only through motorcycle or exiting/entering traffic occurs at the data
collection area without any interaction, no data will be taken. The speed data taken
during the data collection is the spaces mean speed. Safety cone was used to facilitate
the determination of space mean speed. Figure 3.5 shows the positioning of the safety
cone. The time when motorcyclist reaches the first safety cone was taken as t1 and the
time when motorcyclist reach the second safety cone was taken as t2. The total
distance between the safety cones is then divided by the time difference between t1
and t2 to get the speed data for through motorcycle. The same concept was used to
obtain the speed of motorcycle exiting/entering the motorcycle lane. However, the
time was taken based on the motorcycle travel time from the diverging point to the
merging point.
Traffic conflict data or unsafe interaction was defined based on the evasive actions
taken by motorcyclists. Evasive actions can be classified by applying brakes, swerving
or noticeable accelerating or decelerating in order to avoid a collision. However, not all
such actions will be considered as conflicts and extra care was taken in the conflict
identification process to not to count usual manoeuvres and actions as conflict. It has
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been noted by several researchers that observers are the most important element
when conducting a traffic conflict study since their reliability has serious impacts on
the validity of the data. Therefore, each observer was exposed to conflict training so
that uniformity in the classification of conflict is achieved.
Field data collection was conducted during weekdays for 2 hours of peak period and 2
hours of off-peak period. Data collection was not conducted during bad weather or
unusual traffic conditions (e.g. traffic congestion due to roadway maintenance or
public holiday).

3.3

Data Analysis and Report Writing

Once data collection was completed, the data were then gathered and analysed
according to the objectives of the study. The results obtained were categorised
accordingly and the findings were highlighted in the discussion. Conclusions and
recommendations were listed in order to improve the exclusive motorcycle lane safety.
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4.

Results and Discussions

As discussed in section 2.3, egress and ingress can be grouped into five (5) categories
according to the entry angle and length of slip lane. The five (5) categories of egress
and ingress together with the number of access on site (along 60 km Federal Road 2
(both direction)) is defined and summarised in Table 4.1 below.
Table 4.1 Number of egress and ingress by category
Type of egress
and ingress

Access characteristics

Number of access
Egress

Ingress

Type 1:
90 degree

Entry angle 90 degree, length of slip lane < 15 m

1

1

Type 2:
Auxiliary lane

Presence of auxiliary lane for acceleration or
deceleration on the motorcycle lane

3

2

Type 3:
Giveway < 15 m

Entry angle <90 degree, length of slip lane <15 m

6

11

Type 4:
Giveway > 15 m

Entry angle <90 degree, length of slip lane >15 m

18

19

Type 5:
Y-type access

Skewed access that gives the impression of a
seamless connection between motorcycle lane and
the main carriageway.

5

5

Based on the observation, most of the access point was located near to or at gradeseparated interchanges. It may be due to safety reason as the speed of the vehicle at
the section of roads is expected to be low as compared to the basic segment. Another
possible reason is the location able to provide more mobility to the motorcyclists. It is
clear from Table 4.1 that Type 3 and Type 4 access are a most typical design available
on site. Type 1 and Type 2 are not commonly available on sites and based on the
interviewed with the road authority. Type 1 access is not in the design standard nor
the as build drawing. The access was opened after the opening of the exclusive lane to
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public and it was done to fulfil the public request. It is also important to highlights that
Type 5 access is normally can be found at start and end section of the exclusive lanes.
Motorcyclist behaviour at different types of access was also observed during the data
collection. The aim of the observation is to get an earlier understanding of how
motorcyclist will react to the different design of access. The observation conducted has
come to the conclusion that each type of access was unique and giving pros and cons
to the motorcyclist at explained in Table 4.2.
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Table 4.2 Advantages and disadvantages of each access types
Access type

Observations

Type 1: 90 Degree

Type E1: Egress

Type I1: Ingress

Type 2: Provision of auxiliary lane

Type E2: Egress

Type I2: Ingress

22

Advantages:
1. Entry speed is low.
Disadvantages:
1. Motorcycle tends to reduce
speed substantially and this
may lead to rear end
accident.
2. During peak hour where the
volume of the motorcycle is
high, stopping the vehicle at
merging point may cause
queue up at the diverging
point.
3. Egress and ingress point is
hard to differentiate.
Advantages:
1. Exiting
(egress)
motorcycles are protected
and have sufficient time to
decelerate
after
the
diverging point and in turn
not
interrupting
the
through traffic.
2. Entering
motorcycles
(ingress) are protected and
have sufficient time to
accelerate to the same
speed
with
through
motorcycle
before
approaching the merging
point.
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Table 4.2 Advantages and disadvantages of each access types (Con’t)
Access type

Observations

Give way < 15 m

Type E3: Egress

Disadvantages:
1. The short storage on access
lane causes insufficient time
for a motorcycle to
decelerate.

Type I3: Ingress

Give way > 15 m

Type E4: Egress

Type I4: Ingress

Y-type access

Type E5: Egress

Type I5: Ingress

23

Advantages:
1. Entering/exiting motorcycles
have sufficient time to slow
down the motorcycle before
approaching the merging
point due to the long access
lane provided.
Disadvantages:
1. Excessive slip lane length
may reduce motorcyclists’
perception on merging
points.
Advantages:
1. The motorcycle transition
from motorcycle lane to the
main carriageway and vice
versa is smooth.
Disadvantages:
1. The possibility of high
entering/exiting speed.
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4.1

Motorcycle Conflict

4.1.1 Conflict by Access Type
The interaction between motorcyclist going through on the EMCL and the motorcyclist
entering or exiting the EMCL were recorded and divided into non-conflict interaction
and with conflict interaction as shown in Table 4.3.
Table 4.3 Percentage of non-conflict and with conflict interaction by access type
Access type
Egress
(n=519)

Ingress
(n=407)

Non-conflict
(%)

With conflict
(%)

Type E1

90 degree (n=43)

95.3

4.7

Type E2

Provision of auxiliary lane (n=72)

100.0

0

Type E3

Giveway <15 m (n=125)

83.2

16.8

Type E4

Giveway >15 m (n=69)

100.0

0

Type E5

Y-type access (n=210)

69.5

30.5

Type I3

Giveway <15 m (n=139)

91.4

8.6

Type I4

Giveway >15 m (n=107)

98.1

1.9

Type I5

Y-type access (n=161)

45.3

54.7

The sample size obtained for interaction at egress was 519. The low-risk access type for
egress was found to be egress Type E2 (with auxiliary lane) and Type E4 (give way
length more than 15 m), where all interaction between through and access-bound
motorcyclists were observed to occur without conflict. The presence of auxiliary lane
on the EMCL and long access lane (>15 m) seems to give benefit to motorcyclist where
they are able to reduce speed before complete the merging manoeuvre. The high risk,
i.e. observed to have a high percentage of conflicts was egress Type E5 (Y-type access),
with more than 30% conflicting interactions. The onsite visual depicts that egress with
Y-type access gave a false visual of the presence of an auxiliary lane on the main
carriageway, whereby motorcycles were seen to increase their speed, but having to
conduct sudden evasive manoeuvres at the merging point. The geometry design of
Type E5 is also given misperception of which is the right direction for the motorcyclists
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to stay or to go out from the EMCL. Some of the weaving manoeuvres were observed
here due to the wrong decision made by motorcyclists.
At the early stage of the research project, 10 locations were selected during the site
reconnaissance i.e. one location to represent each type of egress and ingress as shown
in Table 4.2. However, due to the construction work conducted, data collection could
not be conducted at two ingress locations i.e. ingress Type I1 (90 degree) and Type I2
(provision of the auxiliary lane). The sample size obtained for interaction at ingress was
407. The low-risk access type for ingress was found to be Type I4 (give way more than
15 m), where all interaction with through and access-bound motorcyclists were
observed to navigate with only 2% conflict as compared to 9% for ingress Type I3 (less
than 15 m) and 55% for Type I5 (Y-type access).
Overall, the percentage of interaction with conflict at ingress is 8% higher than at
egress where only 17% of total interaction was found to be at risk. This is may be due
to the limitation in the data collection point where conflicts were only observed on the
exclusive motorcycle lane and the slip lane. In other words, for egress, only diverging
point and slip lane was observed while for the ingress, only merging point and slip lane
was observed. It is also common to expect that merging point is riskier than diverging a
point. This is supported by the study conducted in Northern Virginia in 2002 where the
finding highlights that about half of all crashes occurred when at-fault drivers were in
the process of exiting the ramps (McCartt, Northrup, & Retting, 2004).
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4.1.2 Motorcycle Conflict by Access Type and Period
The interactions were also observed in a different period to see any impact of volume
on non-conflict and with conflict interactions as shown in Table 4.5.
Table 4.4 Percentage of non-conflict and with conflict interaction by access type and period
Off-peak
Access type

Egress
(n=519)

Ingress
(n=407)

Peak

Nonconflict
(%)

With
conflict
(%)

Nonconflict
(%)

With
conflict
(%)

Type E1

90 degree (n=43)

94.7

5.3

95.8

4.2

Type E2

Provision of auxiliary lane
(n=72)

100

0

100

0

Type E3

Giveway <15 m (n=125)

73.8

26.2

96.9

3.1

Type E4

Giveway >15 m (n=69)

100

0

100

0

Type E5

Y-type access (n=210)

85.3

14.7

66.5

33.5

Type I3

Giveway <15 m (n=139)

84.6

15.4

94.0

6.0

Type I4

Giveway >15 m (n=107)

100

0

97

3

Type I5

Y-type access (n=161)

24.5

75.5

77.8

22.2

It is apparent from the Table 4.4 that most of the conflict interaction occurs during the
off-peak period (egress-14.5%; ingress-45.2%) as compared to peak period (egress16.9%; ingress-9.6%). The little difference in conflict interaction at egress during the
peak and off-peak period is expected because less conflict is normally observed at
diverging the point as compared to the merging point. On the other hand, the high
conflict observed for ingress access during off-peak period is mainly due to the high
speed, i.e. speed above the 70 km/hr speed limit, of both motorcycles on the
motorcycle lane and motorcycle entering the motorcycle lane.
The results of this study also indicate that for egress, the high-risk access during offpeak period is Type E3 (26%) and for peak period is Type E5 (34%). On the other hand,
for ingress, Type I5 access represents high conflicts during the off-peak period (76%)
and peak period (22%).
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4.1.3 Motorcycle Conflict by Access Type and Interaction Location
Data collected were analysed by the location where the interactions occurred as
displayed in Table 4.5. As mentioned in Section 4.1.1., only two points were observed
i.e. on the exclusive lane and the slip lane of egress or ingress.
Table 4.5 Percentage of non-conflict and with conflict interaction by access type and
interaction location
EMCL
Access type

Egress
(n=519)

Ingress
(n=407)

Slip lane

Nonconflict
(%)

With
conflict
(%)

Nonconflict
(%)

With
conflict
(%)

Type E1

90 degree
(n=43)

90.9
(n=10)

9.1
(n=1)

96.9
(n=31)

3.1
(n=1)

Type E2

Provision of auxiliary
lane (n=72)

100.0
(n=33)

0
(n=0)

100.0
(n=39)

0
(n=0)

Type E3

Giveway <15 m
(n=125)

100.0
(n=2)

0
(n=0)

82.9
(n=102)

17.1
(n=21)

Type E4

Giveway >15 m
(n=69)

100.0
(n=4)

0
(n=0)

100.0
(n=65)

0
(n=0)

Type E5

Y-type access
(n=210)

69.1
(n=143)

30.9
(n=64)

100.0
(n=3)

0
(n=0)

Type I3

Giveway <15 m
(n=139)

72.1
(n=31)

27.9
(n=12)

100.0
(n=96)

0
(n=0)

Type I4

Giveway >15 m
(n=107)

98.0
(n=97)

2.0
(n=2)

100.0
(n=8)

0
(n=0)

Type I5

Y-type access
(n=161)

41.9
(n=62)

58.1
(n=86)

84.6
(n=11)

15.4
(n=2)

From Table 4.5, at egress, numbers of interactions recorded on EMCL and slip lane are
almost similar with a total of 257 interactions on EMCL and 262 interactions on slip
lane. Interaction with conflict on EMCL was 16.9% higher from interaction with conflict
on slip lane where only 8.4% was observed from a total number of interactions on slip
lane. Egress Type E5 recorded highest interaction with conflict on EMCL (diverging
point) and based on the on-site observation, the conflicts are mostly due to the short
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time decision making by the exiting motorcycle to change lane to exit from the EMCL.
This is because the geometry of the Type E5 egress is confusing where diverging and
slip lane area is hard to differentiate. On the other hand, Type E3 recorded highest risk
interaction on slip lane or in other words, conflict at egress Type E3 happen on the slip
lane where the following motorcycle needs to take evasive action in terms of the
sudden break to avoid collision with a stop or slowing exiting motorcycle.
It is important to highlight from the Table 4.5 that the result again indicates that more
conflict interaction occurs at ingress (25.1 %) where the merging point is the focus of
data collection as compared to egress (16.9 %). In regards to the most high-risk ingress
type, Type I5 ingress indicates the highest interaction with conflict at both EMCL
(58.1%) and slips lane (15.4%) area.

4.1.4 Motorcycle Conflict by Access Type and Speed of Through
Motorcycle
Interaction at access point was also analysed with the speed of motorcycles on the
EMCL. For the purpose of this study, space mean speed of motorcycles that going
through or not making any entering or exiting manoeuvre were captured only if the
interaction occurs with entering or exiting motorcycles. The point of data collection is
limited to within the access areas. Based on the observation, the posted speed limit
along EMCL is 70 km/h and the 85th percentile of motorcycle speed at basic segment
range between 80 km/h to 87 km/h.
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Table 4.6 Percentage of non-conflict and with conflict interaction by egress type and speed of
through motorcycle on EMCL
Access type
Egress
(n=519)

Type E1

Type E2

Type E3

Type E4

Type E5

90 degree
(n=43)

Provision of
auxiliary
lane (n=72)

Giveway <15
m (n=125)

Giveway >15
m (n=69)

Y-type
access
(n=210)

Speed

Non-conflict
(%)

With conflict
(%)

0-30 kph (n=2)

100.0

0

31-50 kph (n=11)

90.9

9.1

51-70 kph (n=27)

100.0

0

71-90 kph (n=3)

66.7

33.3

> 90 kph (n=0)

-

-

0-30 kph (n=32)

100.0

0

31-50 kph (n=2)

100.0

0

51-70 kph (n=18)

100.0

0

71-90 kph (n=19)

100.0

0

> 90 kph (n=1)

100.0

0

0-30 kph (n=9)

66.7

33.3

31-50 kph (n=47)

78.7

21.3

51-70 kph (n=62)

88.7

11.3

71-90 kph (n=7)

85.7

14.3

> 90 kph (n=0)

-

-

0-30 kph (n=5)

100.0

0

31-50 kph (n=0)

-

-

51-70 kph (n=5)

100.0

0

71-90 kph (n=17)

100.0

0

> 90 kph (n=42)

100.0

0

0-30 kph (n=13)

76.9

23.1

31-50 kph (n=0)

-

-

51-70 kph (n=117)

69.2

30.8

71-90 kph (n=72)

66.7

33.3

> 90 kph (n=8)

87.5

12.5

As shown in Table 4.6, a high percentage (85.5%) of motorcycles was observed to ride
above 70 km/h at egress type E4. However, this type of egress was identified as access
type with low risk where all interaction between through and access-bound
motorcyclists were observed to occur without conflict. One of the advantages of this
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type of access is the presence of long slip lane that could be utilised as storage lane
before merging with other traffic by a motorcyclist.
Type E5 access that has recorded highest interaction with conflict for egress, however,
shows that the percentage of through motorcycles ride at above 70 km/h is only
38.1%. Most of the motorcycles were found riding with the speed of 51 km/h to 70
km/h at the Type E5 access (55.7%). Nevertheless, the high-risk interaction was
observed when the operating speed of the motorcycle is between 71 km/h to 90 km/h.
It can be concluded that the high speed of the motorcycle is one of the reasons for the
high interaction with conflict at this section. In addition, the confusion in the geometry
of the type E5 access where it gave a misperception visual of correct direction for a
motorcyclist to continue in the EMCL or to going out from the EMCL could be the
another cause of conflict.
Table 4.7 Percentage of non-conflict and with conflict interaction by ingress type and speed of
through motorcycle on EMCL
Access type
Ingress
(n=407)

Type I3

Type I4

Type I5

Giveway <15 m
(n=139)

Giveway >15 m
(n=107)

Y-type access
(n=161)

Speed

Non-conflict
(%)

With conflict
(%)

0-30 kph (n=2)

100.0

0

31-50 kph (n=9)

100.0

0

51-70 kph (n=99)

92.9

7.1

71-90 kph (n=29)

82.8

17.2

> 90 kph (n=0)

-

-

0-30 kph (n=2)

100.0

0

31-50 kph (n=0)

-

-

51-70 kph (n=33)

93.9

6.1

71-90 kph (n=69)

100.0

0

> 90 kph (n=3)

100.0

0

0-30 kph (n=2)

100.0

0

31-50 kph (n=104)

39.4

60.6

51-70 kph (n=55)

54.5

45.5

71-90 kph (n=0)

-

-

> 90 kph (n=0)

-

-
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The speed data at ingress as shown in Table 4.7 also indicate the same pattern as for
egress where the high percentage of a motorcycle ride with speed above 70 km/h was
observed at Type I4 with 67.3%. At Type I5, where the percentage of the interaction of
conflict is high, the operating speed of the motorcycle is all below 70 km/h and this is
complying with the posted speed limit along the EMCL. This result also indicates that
most of the motorcyclists were reduce their speed when they approach the type I5
access. However, due to the limitation of this study, this result cannot be confirmed
because only one site was selected for the data collection for Type I5 access. The
reduction in speed could also occur due to the horizontal or vertical alignment effect
on the site. Interestingly, the high interaction with conflict at Type I5 happened with
operating a speed of through motorcycles within 31 km/h to 50 km/h. The results
obtained from this study clearly indicate that the high speed of through motorcycles is
not the reason for a high number of interactions with conflict at Type I5 access.
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5.

Conclusion and Recommendations

During the study, five (5) types of egress and (3) types of ingress were evaluated based
on the occurrence of conflicts or unsafe interaction between entering/exiting
motorcyclists and through motorcyclists on the EMCL. The conflict was defined based
on the evasive actions (sudden brakes, swerving or noticeable accelerating in order to
avoid collisions) taken by motorcyclists. Findings from the study reveal that no serious
conflicts or unsafe interactions were observed at egress Type E2 (with auxiliary lane)
and Type E4 (give way length more than 15 m). For ingress section, Type I4 (give way
more than 15 m) is considered as the low-risk design with the lowest number of
conflict or unsafe interaction observed (1.9%). In retrospect, the Y-access type
recorded the highest serious conflict or unsafe interaction at both egress (30.5%) and
ingress (54.6%) and considered as the most high-risk types of access.
Other deficiencies for egress and ingress recorded during the site observations are:
i.
ii.

iii.

lack of warning sign to warn motorcyclists and other motorists on the presence
of egress and ingress;
inappropriate location of egress and ingress at the curve, steep grade, near
intersection or tunnel, thus limit the sight distance, visibility and may cause
sudden manoeuvres;
close spacing between access and intersection on the main carriageway may
cause conflict among road users.

In conclusion, the design of egress and ingress needs to be reviewed and further
studied to improve the safety of motorcyclist at the access point of EMCL.
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