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Abstract
Developing bicycle lane was an extensive approach to encourage people to cycle in daily
life movement and promoting a healthy lifestyle. Public authorities develop their types
of surface for bicycle lane based on their desire and preferences which saw the
significant differences between all the surfaces. This study focuses on evaluating and
investigating the pavement surface of the bicycle lane. The evaluation including skid
resistance ability, texture and waterflow ability of bicycle lane by using on-site data
where the locations of data collection including Putrajaya, Penang and Kuala Lumpur.
The poorest types of surfaces are brick interlock surface where it has lower texture and
skid resistance ability which is dangerous for bicyclist. It is shown that some bicycle lane
is not suitable to be used and have a poor design to ensure safety.
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1.

Introduction

Highest population and rapid development in Malaysia is at the west coast region.
Whereas, the main transportation infrastructures are developed in this area. To reduces
heavy traffic in this area, the government recommend using bicycle. In order to back the
sixth element of RMK 11 in ‘strengthening the infrastructure to support the economic
growth’ and back the Ministry of Urban Wellbeing, Housing and Local Government vision
to reduce the intensity of carbon which contaminating the natural environment. High
population area must be initiated in order to promote better infrastructures, especially
on the transportation segment. However, in our townships and cities, riding a bicycle
from Point A to Point B can be traumatic and even fatal on the open roads and highways.
Bicycle lane become one of the improvements needed in Malaysian roads.
Transportation system developments in Malaysia are now moving towards
environmentally friendly and low carbon design which encouraging people to use
human-powered transport such as bicycle in daily life movement. Apart from a healthy
lifestyle and other policy concerns, professionals and policy makers are looking at ways
to increase the use of walking and bicycling for everyday travel (Dill, 2009; Ming Wen &
Rissel, 2008). Developing bicycle lane was an extensive approach to encourage people
to cycle in daily life movement (Dill, 2009) stated that key step in encouraging
“interested but concerned” bicyclists to ride on new bicycle routes is by creating a
network of facilities that is comfortable for users of all ages. Bicycle lane is a portion of
roadway that has been designated for preferential or exclusive use by bicyclists by
pavement markings and signs (AASHTO, 2012). It is intended for one-way travel, usually
in the same direction as the adjacent traffic lane, unless designed as a contra-flow lane
(AASHTO, 2012). Bicycle travel has played a historic role in transportation even before
the invention of the automobile. Bicycle surface is a generic term for any road, street,
path, or way which is specifically designated for bicycle travel, regardless of whether
such facilities are designated to be shared with other transportation modes or are
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exclusive use of bicycles (Wang et al., 2018). While road pavement refers to the surface
provided to the vehicle to ensure the movement is comfortable and safe for the road
users.
Road pavement surface provided usually using the asphalt, concrete and other materials
with different types of finishing. The different friction on the pavement marking and the
adjacent pavement surface may create a potential hazard and unsafe condition, in
particular for motorcyclist, cyclist and pedestrians. In 2016, there was 840 bicyclist killed
in motor vehicle traffic crashes in the United States, an increase from 829 in 2015.
Bicyclist deaths accounted for 2.2 % of all motor vehicle traffic fatalities. In Malaysia
from the year 2012 until 2016, the number of fatalities involving the bicyclist is 669 and
show the identical trend in each year since 2007. It is proved with the number of
fatalities involving the bicyclist is almost 150 people every single year. In the year 2016,
the number of casualties for bicycle is 241 where 123 people die from the accident. It
means the probabilities of fatalities for a single accident involving bicyclist is 50%. In
Malaysia, there is no guideline and control system for public authorities developing their
bicycle lane pavement. Public authorities develop their own types of surface for bicycle
lane based on their desire and preferences. As the bicycling activities become more and
more popular nowadays in Malaysia, the standardize guideline and development
needed in order to give protection and safer bicycle lane development. Therefore, this
research study on bicycle lane in Malaysia in order to determine the existing ability of
bicycle lane that already developed by the local authorities.

1.1

Problem Statement

According to studies by the Malaysian Institute of Road Safety Research, 35.6% of cycling
fatalities occur between cars and cyclists, while 21.6% take place between motorcycles
and cyclists. Recent studies normally focusing on the behaviour of the cyclist and effect
on traffic movement. However, the existing material on pavement and reaction of
bicycle on the pavement surfaces is important to be studied to evaluate the feasibility
of bicycle lane surfaces characteristic before implement on the all bicycle lane in
Malaysia. The application of road marking materials generally results in a localised
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reduction in skid resistance to the pavement. The different friction on the pavement
marking and the adjacent pavement surface may create a potential hazard, in particular
for motorcyclist, cyclist and pedestrians.
In Malaysia, the local authorities build their types of bicycle lane and surfaces with
different types of material. This development needed guidelines and references to build
a better bicycle lane surface. Other than that, no studies were done on the material that
has been used to build the bicycle lane and the performances of bicycle based on the
reaction with the pavement. The suitability of surface material and reaction of bicycle
on the pavement is useful knowledge to where the engineer and local authorities can
use it after the specific details effectively obtained.

1.2

Aim and Objectives of the Study

This study is to compare the performances for types of bicycle lane surface in Malaysia.
Therefore, this study will embark on the following objectives:
i.
ii.

1.3

to categorize the different types of material used in Malaysia; and,
to analyse the performance of bicycle lane surface in skid resistance, texture and
water flow ability.

Scope and Limitation of the Study

The scope of this study includes three (3) states in Malaysia which is Putrajaya, Kuala
Lumpur and Penang. This study only covers seven (7) locations for each area with data
collection was carried out during the clear day. There are three (3) types of testing
carried out which is skid resistance test, sand patch test and outflow meter test. The test
carried out in dry condition for sand patch and outflow meter test. While for skid
resistance test was carried out in the dry and wet surface condition.
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2.

Literature Review

Bicycle lane development has certain criteria to provide a safe and comfortable
infrastructure to the road user. The design and development will improve the other
mode of transportation as mentioned in (AASHTO, 2012; CBPP, 2018). Bicycle facility
must be comfortable enough for bicyclists representing a wide range of experience
levels with the characteristics of the roadway such as number of travel lanes, auto
volumes, typical auto speeds, and available roadway width are also important
considerations that significantly influence bicyclist safety and comfort (Lagerwey et al.,
2015). In pavement surface development, the surface course must optimise the skid
resistance of the wheels, evacuate water and reduce the noise of traffic. The criteria to
evaluate the performance of bicycle lane surface is explained in the following subsections.

2.1

Pavement Friction Properties

Skidding occurs when the tangent component of the force acting at the tire-pavement
contact exceeds the maximum available friction, leading to a loss of the vehicle’s
directional stability. Skidding accidents usually occur on wet pavement and often are
referred to as wet-pavement accidents or wet accidents. Therefore, wet road skid
resistance is an important functional property of road pavements where it was designed
to offer a safe ride to the road users under different climatic conditions. Friction is
defined as the motion resistance ability between two (2) surfaces that are in contact. It
is magnitude is measured by the coefficient of friction — the ratio of the friction force,
which is parallel to the surface of contact between two (2) bodies and opposed to their
motion, and the normal force, which is perpendicular to this surface of contact. In the
context of highway traffic, the surface of contact is the road–tire interface and the
normal force is the wheel load.
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There are two (2) types of texture that affected the skid resistance ability which is
microtexture and macrotexture. Microtexture is the name given to the fine asperities
(<.5 mm in depth) in the road surface where the irregularities interact with vehicle tires
to generate adhesive forces that provide friction. Microtexture is the major contributing
factor to skid resistance at low speeds because when the road surface is wet, the
microtexture has to penetrate through the water film, and this leads to a reduction in
skid resistance (Wasilewska, Gardziejczyk, & Gierasimiuk, 2016). In temperate climates
the polishing process is cyclic, with skid resistance at its lowest during the summer,
recovering to some extent during the winter (Pardillo Mayora & Jurado Piña, 2009).
While macrotexture is a measure of the texture depth of the pavement and it depends
on the surface irregularities between 0.5 mm and 50 mm. Macrotexture provides
drainage paths that allow the water to flow away from the tire-road contact area and on
the surface. The greatest contribution usually comes from the road itself. When the tire
skidding, macrotexture can also generate energy losses in the tire. As vehicle speeds
increase, skid resistance decreases. The extent to which this occurs depends on the
texture depth (Asi, 2007). Skid resistance ability of bicycle lane pavement measured on
dry and wet condition. According to the design by (Harlow, 2002), the minimum value
of skid resistance should be 45 BPN for the types of surface using paint. The lowest value
will affect the rider safety.

2.2

Pavement Macrotexture

Determining macrotexture on pavement correctly and quickly is important for safety
and economy aspect in bicycle lane pavement. Microtexture as shown in Figure 1
showing the smoothest riding quality but will affect the riding performance due to nearly
non-textured surface. In determining the riding quality for bicycle on bicycle lane, the
texture of the lane needs to be determined as stated by (Li, Harvey, Wu, & Jones, 2016).
This study focusses on the macrotexture of the bicycle lane pavement where (Aktas,
Gransberg, Riemer, & Pittenger, 2011) defined the macrotexture as the deviation of
pavement’s surface with characteristic dimension of wavelength and amplitude greater
than 0.5 mm. Some studies conducted prefered to develop modelling method in order
to determine the pavement texture because of the time, energy consumption, the
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mathematical knowledge improvement and also improvement in dimension
determination such as in 3D (Aktas, Karasahin, & Tigdemir, 2013; Hu et al., 2016; Puzzo,
Loprencipe, Tozzo, & Andrea, 2017). The modelling still needs data from the site to
develop model and there is some issue for the accuracy of the model when compared
into the real data taken from the actual site.
Basically, methods for measuring pavement macrotexture can be divided into three (3)
groups which are volumetric methods, profile meters and visualizing techniques (Uz &
Gokalp, 2017). In measuring the pavement macrotexture, several studies have been
done but not for bicycle lane pavement yet. The studies including the pavement, chip
seal and the material of the pavement in making sure the pavement development
provides a good texture for the road users (Kokkalis & Panagouli, 1998; Panagouli &
Kokkalis, 1998; F. G., Praticò & Vaiana, 2015; Filippo, G., Praticò, & Astolfi, 2017). The
most common method used is using the volumetric such as sand patch test (ASTM E965,
2009) and outflow meter test (ASTM E2380, 2009). Flintsch, de León, McGhee, and AIQadi (2003); Sengoz, Topal, and Tanyel (2012) compared sand patch test, laser profiler
and (ASTM 2157-01, 2009) circular track meter (CTM) where the result shows that there
is a good correlation between the test for the road pavement at Virginia. Fisco and Sezen
(2013) evaluated and compared the surface macrotexture and microtexture using the
volumetric method and laser scanning method respectively for asphalt specimen on
different types of asphalt and finishing. Therefore, many studies have been done in
determining the surface texture. In bicycle lane, the texture of the existing bicycle lane
yet to be determined even though bicycle lane becoming more popular for local
authorities in Malaysia to provide the comfortable riding for the bicyclist towards the
healthy life and reducing the motor vehicle uses.
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Figure 1 Visual of macrotexture and microtexture

2.3

Water Drainage Ability

Pavement design should be considering the water drainage ability to allow the water
such as rain flow to the drainage without any disruption. The pavement design should
have a gradient to allow the water flow to the roadside drainage. Usually, the shared
bicycle lane located at the side of main road where the water will flow into it before
going into the drainage. Therefore, the bicycle lane pavement should provide adequate
friction and drainage ability to minimize the number of accident that occurs because of
the friction deficiencies due to stagnant water. It is widely recognized that pavement
surface texture influences many different pavement-tire interactions as obtained
through the grooves or channels placed intentionally in the road to allow for water to
escape from the under vehicle tire and prevent hydroplaning (Sarsam & Ali, 2015).
Usually, in many countries, sharing surface with motorized vehicle as shown in Figure 2
will locate bicycle lane at the edge of the main road which nearly the road drainage. The
surface runoff from rain or other sources will flow into the bicycle lane surface before
going into the road drainage. Therefore, the ability of the bicycle lane pavement to
prevent hydroplaning from occurring is highly recommended. It is shown that without
proper bicycle lane development, bicycle user and other vehicle user safety will be
affected.
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Figure 2 Bicycle lane at the edge of road
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3.

Methodology

The test was carried out on the present bicycle lane in three (3) states which is in
Putrajaya, Penang and Kuala Lumpur, respectively. Nevertheless, this study focuses on
the skid resistance ability, bicycle lane texture and drainage ability of bicycle lane by
using the British Pendulum Tester, outflow meter test and sand patch test on a variety
of surfaces. The test was taken in the right wheel path and between the wheel paths for
each section. The flow of the study as shown in Figure 3 started by desktop study in
determining the suitable location and process for the test followed by data analysis on
all the three (3) test which is skid resistance test, outflow meter test and sand patch test
and the result compiled into the report.

Figure 3 Research flow

3.1

Skid Resistance Test

Skid resistance test is used to measure the microtexture and frictional property of
surfaces either in site or laboratory. This test method also can be used in determining
the polishing process for certain surfaces or materials that will give an indicator of
reduction in the frictional ability of the surfaces. According to ASTM E303-93, the
procedure of British Pendulum tester as follow:
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Figure 4 Carried out skid resistance test

3.2

Sand Patch Test

The sand patch test is used to measure the texture of the bicycle lane pavement. Surface
texture is a measurement that influences the depth of the texture and thus determines
the surface skid resistance ability. The test procedure used for the study follows the
procedures contained in (ASTM E965) which show the standard method using a
volumetric method. By careful application of a known volume of material on the surface
and sharp measurement of the total area covered. It uses a volumetric approach to
measuring pavement macrotexture. The hypothesis of the test principle is greater the
texture, the more sand diameter will be taken up by it and the smaller the circle that can
be achieved from the standard quality of sand. The sand should be dry and fined grained
with the dry condition and swept free on the test area. In this study, a known volume of
sand (20 ml) was spread evenly over the pavement surface to form a circle shape. The
volume of material that fills the surface voids determines the surface texture. The
procedure is carried out the sand patch test as follows:
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The diameter of the circle as shown in Figure 5. It was measured on four (4) parts and
the value averaged. This value was used to calculate the MTD in mm value. The MTD
(mm) for 20 ml of sand as shown in Figure 6 where the sand was poured and spread
evenly as specified in ASTM E965-96 is determined as follows:

Figure 5 Sand patch test for texture measurement

𝑀𝑇𝐷 =

4𝑣
𝜋𝑑²

Where
MTD = Mean texture depth (mm)
𝑣 = the exact volume of glass sphere in, ml
𝑑 = the average diameter of the sand patch in, mm

11

The Investigation on Pavement Surface along Bicycle Lane in Malaysia

Figure 6 Sand patch test on bicycle lane surface

3.3

Outflow Meter Test

The test procedure used for the outflow meter test follows the procedures contained in
(ASTM E2380). This method does not measure the texture depth directly as it measures
the ability of the depth and the space of the voids in the surface to let the water pass
through the bicycle lane pavement. It is based on a known volume of water under a
standard of pressure which is the allowed water to pass through the voids and the road
surface. The time it takes to pass the known water (the outflow time) is measured. This
outflow meter test quantifies the connectivity of the texture as it relates to the drainage
capability of the pavement through it is surface and sub-surface voids. The technique is
intended to measure the ability of the surface to relieve pressure fro the face of
vehicular tires and thus is an indication of hydroplaning potential under wet conditions.
The hypothesis of the test principle is when faster for water to flow out of the cylinder,
the higher value of surface macrotexture while slower it flows out, smaller the surface
texture. This is because the water easily to pass out of the surface when there are more
voids in the surface. Figure 7 shows the visual of outflow meter test that carried out o
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the bicycle lane pavement. For each pavement test section, the average time recorded
from the outflow meter test by repeating the procedure. The following equation was
used to estimate the mean texture depth (MTD):
𝑀𝑇𝐷 =

3.114
+ 0.636
𝑂𝐹𝑇

MTD = Mean texture depth (mm)
OFT = Outflow time (s)

Figure 7 Outflow meter test on bicycle lane surface

3.4

Sample Track

This study was conducted on the bicycle lane pavement in Malaysia around Kuala
Lumpur, Putrajaya and Penang. The area was chosen based on the different types of
materials and surfaces used for bicycle lane pavement in that area. There were 20
bicycle lane pavements (on-road and off-road) selected for this study. Four different
types of pavements were used for these study samples that are: concrete, concrete
interlock, existing asphalt, and bricks interlock. The types of surfacing/finishing used this
test including painted, painted with beads, existing pavement and normal concrete. Each
experiment section is exposed to the same environment but different surfaces
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condition. The test was taken in the right wheel path and between the wheel paths for
each section. The track is free from debris and water is carried out the test to make sure
all the test were valid.
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4.

Result and Discussion

In this section, bicycle lane surface was analysed based on the test and visit on site.

4.1

Bicycle Lane Material in Malaysia

This study was conducted on the bicycle lane pavement in three states of Malaysia which
covers around Kuala Lumpur, Putrajaya and Penang. The area was chosen based on the
different types of materials and surfaces used for bicycle lane pavement in that area.
There were 20 bicycle lane pavements (on-road and off-road) selected for this study.
Five different types of surface were used for these study samples which are: concrete,
concrete interlock, asphalt, painted surface and bricks interlock. The types of
surfacing/finishing used in this test including painted, painted with beads, existing
pavement and normal concrete. Table 1 shows the characteristics of the 20 study
locations.
Table 1 Types of lane and bicycle surfaces in Malaysia
Test section number
PE1
PE2
PE3
PE4
PE5
PE6
PE7
KL1
KL2
KL3
KL4

Test section surface
Concrete and painted with beads
Normal concrete
Concrete and painted with beads
Brick interlock and painted
Normal concrete
Concrete Interlock
Normal concrete
Pavement and painted with beads
Concrete and painted with beads
Concrete and painted with beads
Concrete and painted with beads
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Type of lane
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Exclusive
Shared
Exclusive
Exclusive
Shared
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KL5
KL6
PU1
PU2

Concrete and painted
Pavement and painted
Concrete interlock and painted with beads
Painted with beads

Exclusive
Shared
Shared
Exclusive

PU3
PU4

Painted with beads
Normal concrete

Exclusive
Exclusive

PU5
PU6
PU7

Concrete interlock
Normal concrete
Brick interlock

Exclusive
Exclusive
Exclusive

Therefore, from all the locations, there are five (5) categories of bicycle surface that can
be concluded which is:
Table 2 Bicycle lane categories
Types
1
2

Surface
Normal concrete or pavement
Concrete or pavement with beads

3
4

Painted concrete or pavement
Painted concrete interlock or brick interlock

5

Concrete interlock or brick interlock

Normal concrete or pavement providing good performance because of the good texture
but shown a non-exclusive facility compared to painting area. However, painting will
reduce the performance ability of the bicycle lane due to behaviour of paint that filling
the cavities exist on the surface. By using the beads as finishing with painting can make
it more exclusive and directly improve the performance of bicycle lane.
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Figure 8 Pavement and painted with beads

Figure 9 Brick interlock and painted
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Figure 10 Concrete and painted with beads

Figure 11 Brick interlock and painted
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Figure 12 Normal concrete

Figure 13 Concrete interlock and painted with beads
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Figure 14 Concrete interlock

4.2

Skid Resistance Analysis

This section shows the skidding resistance ability of the surface for bicyclist.

4.2.1 Dry Skid Resistance
Skid resistance ability of the pavement for dry condition shows the similarities where
the value between 70 to 90 SRV as shown in Figure 15. It shows that most of the surfaces
shown the similarities in resisting the skidding. The lowest value recorded is at the
location PE4 with 52 which is brick interlock with painted surface while the highest skid
resistance value (SRV) recorded is 92 for the types of surface that using beads as a
finishing. It shows that the beads contribute to the increment of SRV for bicycle lane
surfaces where it achieved the main purpose of using the beads which is for increasing
the skid resistance and prevent the tyre skidding.
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100
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80
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70
60
50
40
30
20
10
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KL1

PE7

PE6

PE5

PE4

PE3

PE2

PE1

0
Locations
Figure 15 Skid resistance value for dry condition

Comparing the skid resistance value based on the five (5) categories of surfaces which
are:
i.
ii.
iii.
iv.
v.

Normal concrete or pavement;
Concrete or pavement with beads;
Painted concrete or pavement;
Painted concrete interlock or brick interlock; and,
Concrete interlock or brick interlock.

The result in Table 3 shows that all types of surface shown the similarities in resisting
skidding with the mean value between 82 to 86 except for painted concrete interlock
where it showed lower number of skid resistance with 52. It shows that by painting the
interlock will reduce the skid ability of bicycle surface where the reduction is 30.
Therefore, concrete interlock is not suitable to be painted when developing the bicycle
lane surface.
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Table 3 Dry skid resistance value by types of surfaces
Types of surfaces
Normal concrete or pavement
Concrete or pavement with beads
Painted concrete or pavement

Mean dry Skid Resistance Value (SRV)
84
86
84

Painted concrete interlock or brick interlock
Concrete interlock or brick interlock

52
82

4.2.2 Wet Skid Resistance
Skid resistance during wet condition is an important parameter in evaluating the
pavement surface. This is because Malaysia has a high density of water rainfall that will
affect the skidding ability of the pavement. As shown in Figure 16, skid resistance ability
of the pavement during wet condition shows some uncertainty and difference. However,
the value recorded for all locations is between 50 to 67 except in three (3) locations
which are PE4, PE6 and KL6 with the types of surface involved is painted brick interlock,
concrete interlock and painted pavement respectively. The lowest value recorded at the
location PE4 with 26 which is brick interlock with painted surface. It is far from the
recommended SRV which is 45 where it can be a harmful condition for the road user.
While the highest SRV recorded is 67 for the types of surface that using beads as a
finishing. It shows that the beads contribute to the increment of SRV for bicycle lane
surfaces where it achieved the main purpose of using the beads which is for increasing
the skid resistance and prevent the tyre skidding during the wet condition.
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Figure 16 Skid resistance for wet condition

The result in Table 4 shows that all types of surface shown the similarities in resisting
skidding with the value between 50 to 60 except for painted concrete interlock where it
showed a very lower number of skid resistance with 26. It shows that by painting the
interlock will reduce the skid ability of bicycle surface.
Table 4 Wet skid resistance value by types of surfaces
Types of surfaces
Normal concrete or pavement
Concrete or pavement with beads
Painted concrete or pavement
Painted concrete interlock or brick interlock
Concrete interlock or brick interlock

Mean wet Skid Resistance Value (SRV)
59
62
49
26
51
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4.2.3 Comparison of Dry and Wet Skid Resistance
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Comparison of dry and wet skid resistance for bicycle lane was done to determine the
reduction of SRV due to wet condition and the result is shown in Figure 17. Based on five
(5) types of surface, the range of reduction shown the similarities which varies between
25 to 35 with mean value of 30. The highest reduction was recorded at painted
concrete/pavement with 35 while the lowest was recorded for normal
concrete/pavement with 25. Therefore, the reduction of skid resistance due to wet
condition can be expected from this value.

Locations
Skid Resistance Dry

Skid Resistance Wet

Figure 17 Comparison of dry and wet Skid Resistance Value

4.3

Bicycle Pavement Texture

Determining macrotexture on pavement correctly and quickly is important for safety
and economy aspect in bicycle lane pavement. In determining the riding quality for
bicycle on bicycle lane, the texture of the lane needs to be determined. The MTD was
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determined by using the sand patch test and formula as stated in Chapter 3. As expected,
the largest texture recorded at the PU5 with 1.744 mm which is concrete interlock
surface. Concrete interlock usually has a design texture that has a curve like a mosaic
that contribute to the increasing of texture. The smallest texture recorded was at the
PE4 with under 0.8 mm which constructed by painted brick interlock surface. As
expected, brick usually has the smoothest surface compared to other types of surface.
Additionally, painted will reducing the texture of the surface which contribute to this
result. The other surfaces recorded the texture below 0.9 mm is at PE2, PE4, PE7 and
PU7 which is from the normal concrete/pavement, painted concrete/brick interlock and
concrete/brick interlock. Usually, previous studies have shown that the higher texture
depth will have a higher skid resistance ability. However, the higher texture depth will
have a loud noise.
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Figure 18 Macrotexture depth for bicycle lane
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4.4

Water Flow Ability of Bicycle Pavement

The test was done to determine the drainage capability of the pavement through its
surface and subsurface voids. This is a specific method that times how long it takes a
known quantity of water, under gravitational pull to escape through voids in the
pavement texture of the structure being tested. As shown in Figure 19, the mean value
for outflow time is 12s. The longest time taken to outflow water is 23s for the normal
concrete surface while the fastest time taken is 7s which shown from most of the
surface. It is shown that the outflow time was influenced by the design and cross section
of the lane as all the design not considering the bicycle lane gradient. In Kuala Lumpur,
most of the bicycle lane shown the fastest time under 10s. In Kuala Lumpur, most of the
bicycle lane using the existing road. The stagnant water occurred because of the poor
existing road design such as road drainage and road alignment. In Penang, the water
flows shown the higher time than the others due to painted interlock that reduces the
bicycle lane texture that should flow out the water.
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20.00
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10.00
5.00

Locations
Figure 19 Water flow ability of bicycle lane surfaces
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5.

Discussion

Bicycle lane development in that three (3) areas shown some deficiencies which led to
the safety issue to the bicyclist. For sharing the same types of area with other vehicles,
usually bicycle lane located at the edge of the road as shown in which means in the
lowest existing road gradient where the water will flow out. However, the road drainage
was not provided as shown in Figure 20 which led into the water stagnant. While the
example of water stagnant at bicycle lane that will contribute to the hydroplaning to
occur is shown in Figure 21. For exclusive lane which is designed special for bicycle lane
as shown in Figure 22 usually have a drain cover to flow out the water. However, the
cover is dangerous to bicyclist due to big holes that can lead tire stuck into it. Other than
that, the exclusive lane also has a problem with gradient design which led to water
stagnant and soil sediments as shown in Figure 23. All the problem created in bicycle
lane development usually will reduce the performance especially skid resistance, texture
and water flow ability due to barriers to function properly. For shared bicycle lane where
dividing road between bicyclist and other road users are shown the dangerousness on
bicyclist to use the lane due to unprotected condition. As shown in Figure 24, the bicycle
lane was reserved only by using the painted sign. This type of bicycle lane also should be
avoided where it disturbing the traffic flow with a high difference in traffic speed
between bicycle and other motorized vehicles.
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Figure 20 Bicycle lane without road drainage

Figure 21 Water stagnant on bicycle lane
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Figure 22 Drain cover inside bicycle lane

Figure 23 Bicycle lane without lane gradient
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Figure 24 Improper bicycle lane development
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6.

Conclusion

In Malaysia, local authorities provide the bicycle infrastructure based on their
preference and desire which contribute to the diversity in design, especially in the
pavement surface. Types of surface for bicycle lane as below where most of the lane
using the existing surface such as road and pedestrian lane.
i.
ii.
iii.
iv.
v.

Normal concrete or pavement;
Concrete or pavement with beads;
Painted concrete or pavement;
Painted concrete interlock or brick interlock; and,
Concrete interlock or brick interlock.

In skidding ability of bicycle lane, the brick interlock is shown a lower value which is
under 45 for wet condition. The reduction of the skidding ability between dry and wet
varies in 25 to 35 where normal concrete/pavement shown the lowest reduction
because of the types of finishing and material used. The brick interlocking showed poor
skidding ability compared to the other surface which is under 45 as desired value. This
type of material shown a nearly non-texture that unable to resist the skidding. While the
used of beads increasing the skid resistance ability of the surface with a significant
difference compared to the existing surface that has a poor texture depth. Therefore,
the surface that has a poor skid resistance ability should apply this material to increase
the skid resistance ability.
The texture depth of bicycle lane shown a significant difference between painted
interlock and beads. It is shown that the uses of beads increase the performance of the
surface even there are some problems on the lifespan. While the uses of brick interlock
shown poor quality on texture due to finishing types. The finishing types by using paint
also shown some decrement on texture compared to the existing road as a result of the
paint fitted into the smaller space. Usually, skid resistance on which road safety depends
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is closely related to the pavement surface texture. The deterioration due to the traffic
loads, especially polishing effect, involves a change in surface texture.
For the water flow quality, exclusive lane showed a higher time in flowing out the water
than the shared lane. This condition has occurred due to poor design in gradient for
bicycle lane which does not allow surface water to flow out and do not have a proper
drainage system. Other than that, the water flow ability was influenced by the types of
surface where the painted brick interlock shown higher time which is unsuitable for
bicycle lane development due to nearly untextured types of surface. This condition will
make the bicycle lane slippery for bicyclist, especially in wet surface condition.
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