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Abstract

In Malaysia, motorcycles represented more than halves of all registered vehicle
population, In addition, motorcycelist contributed almost 70% of all injuries in accidents
on Malaysian roads. This alarming figure warrants for some road safety strategies
targeted specifically on motorcyclists. An effective engineering approach to tackle this
problem is by segregating these vulncrable road users from other motorised traffic
through the provision of an exclusive motorcycle lanc. Prior to constructing an exclusive
motorcycle lane, there is a need to understand the paramecters involved in capacity
analysis uscd to assess the supply side, quality of flow and also the design life of this
facility. In order to comprchend the relative significance of these parameters, data were
collected at five spots along the cxisting motoreycle track of Federal Highway Route 2.
The Greenshields” method and multiple regression technique were then applied to
scrutinisc the data. The analysis resulted with the development of preliminary models on
the relationships between {low, density and mean speed on motorcyele lanes. Further, a
simple regression model that relates the saturation (tow (capacity) and effective width of
motorcycle lanc was established.

Keywords . High injury rates among motorcyelists, Exclusive motorcycle lanes,
Capacity analysis of motorcycle lanes, Greenshields’ method, Multiple
regression, Saturation flow, Effective width.

Introduction

Motorcycles scem to be the major mode of personal transport in Malaysia. From the last
decades or so, the number of registered motorised two-wheelers (motorcycles and
scooters) has been increasing tremendously in Malaysia, In 1979, the number of
registered motoreycles was 1.19 million. By the year 2000, the number increased more
than four-folds to about 5.36 million registered motorcycles. Their proportion on the road
varies from 35%-05%, depending on places. In less developed states such as Perlis,
motorcycles account for more than three-quarters of the total registered vehicle
population. Meanwhile, in a more developed states and large citics such as Kuala
Lumpur, the motoreycle is still one of the major modes ol personal transport for the low-
meome urban community and constitutes at least one-third of the vchicle population
(Radin ct al., 1998). Figure | shows total registered vehicles (by type) for year 2000. 1t
was indicated that motoreycles formed 51% of all registered vehicles.
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Figure 1 : Total Registered Vehicles in Year 2000
(Source: Road Traffic Volume Malaysia 2000, Highway Planning Unit)

Unfortunately, casualties among motoreyelists from road accidents also contribute a large
portion of traflic problems in Malaysia. Approximately 68% of all injuries from road
accidents in Malaysia involve motoreyclists and their overall relative risk is about 20
times higher compared to passenger cars (Radin et al., 1995). This iy primarily because
the vehicle ttself offers little protection to the riders and pillion passengers in the cvent of
colhision.

In view of the high population of motorcycles in Malaysia and also their high injury risk,
it 1s justified to pay serious attention to this vulnerable road uscr. In addition, addressing
the problem of motorcycelist would also means solving the key problem of road accident
i Malaysia. As such, it is cssential that proper rescarch on motoreycle safety be
conducted to produce appropriate countermeasures in reducing the present high casualty
and mortality rates among motorcyclists. One of the effective enginecring approaches to
improve motoreycle safety in Malaysia is to segregate motorcycles from other motorised
traffic by the provision ol an exclusive motorcyele lane.

In the carly seventies, the first world motorcycle lane was constructed along the Federal
Ilghway Route 2 under the World Bank projcct. An extension of the track was carried
out 11 1992 between the Subang International Airport to the towns of Shah Alam and
Klang. The positive impact of this motorcycle lanc was reported by Radin et al.(1995,
1998). The reduction in motorcycle accidents was highly significant (p<0.05) with a
reduction of about 39% following the opening of the lane,

In another study, Radin & Barton (1997) showed that the benefit (o cost ratio of
providing an cxclusive motorcycle lane ranged from 3.3 to 5.2 depending on the
assumptions uscd in calculation of accidents costs and pavement design life of the
exclusive lanes. Since the benefit is at least about 3 times higher than the cost, il was
deduced that the provision of exclusive motoreyele lancs is highly cost effective in
tackling motorcycle problems for highly motoreycled countries. Considering that the
estimated benefit to cost ratio is strongly associated with the pavement design life, a more
detatled understanding of the parameters involved in the capacity analysis of an exclusive
motorcycle lanc 1s necessary.
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At present, there are no specified standards available to assess the design criteria of an
cxclusive motoreycele lane in Malaysia. The best available standards or precedents for
motoreycle track design are “A Guide on Geometric Design of Roads (Arahan Teknik
Jalan 8/80)" and A Guide to the Design of Cycele Track {Arahan Teknik Jalan 10/86)”
both published by the Public Works Department, Malaysia (PWD, 1986). Both of these
euides covered the elements of design requirement for an exclusive track. However, some
of the design paramcters are combinutions of the basic requirements of a bicycle track
design and the requirements of a highway design. Apart from that, no previous
experience elsewhere in the world could be referred to since the cxclusive motorcycle
lane is only available in Malaysia.

As such, there is a need to provide some speeificd design standards [or preliminary
determination ol capacity of an exclusive motoreycle lane in Malaysia. Hence, the
objecive of this study is to preliminarily establish the speed, flow and density
relanonship of an exclusive motoreycle lane in Malaysia. This in turn, would result with a
prehiminary model that relates the saturation flow (capacity) and cffective width of
motorcyele lane. Since the estimated benefit to cost ratio of an exclusive motoreycle lane
is strongly associated with the pavement design hfe, the outcome of this preliminary
model would be useful in assessing the supply side, quality of [low and also the design
life of this facility.

Methodology

The inital step of this study was to determine the suitable sites along the cxisting
exclusive motorcycele lane of Federal Highway Route 2, The idea was to ensure that the
sclected spots are well distributed in terms of lane width and site condition. The rate of
flow and mean speed at [ive minutes interval was collected continuously for seven days
by means ol an automatic traffic counting equipment (VDAS). Hence, by using the time
occupancy theory, the flow rate-density relationship can be established.

In support to the VDAS technique, a video method was used to itemise the mean speed of
typical platoon. The advantage ot this method is that the mean speed and density platoons
can be determinced fo supplement and validate the VDAS technique cspecially during the
pcak hour rate of flow between 7.00 am. and 9.00 am. of cach working days. In
addition, the jammed densily was captured using the video method at selected places
where motoreycles are [orced to stop such as at a signalised junction or exit of a
motorcycle lane. In this study, the number of motoreyeles that occupied these selected
areas was determined. A jammed density value of 0.237 me/m” was determined based on
the average value of sixty abservations using the following {ormula:

. 2 N 2
Density (me/m™) = Number of motoreyeles (me) / Selected arca (m™) ......... ... Fq. 1



Model Development
In this study, two modelling techniques were used namely Greenshields’ General Model
(Greenshiclds, 1935) and Descriptive Statistic Model in Multiple Regression.
Greenshields’ General Modecl

In this first model of data analysis, the following formulas were used to correlate the
parameters of mean speed (kim/hr), flow rate (me/hr) and density (me/km).

v = v (VKD K Eq. 2
q = () (vp) — (vy)(kz) 2 S Lq. 3
q = GO (KO I Ve Eq. 4
where,

v = mean speed (km/hr)

v = mean [ree speed (kim/hr)

k = density (me/km)

k; = Jam density (mc/km)

q = flow rate (ime/hr)

These wraffic flow models were computed according to an ideal mean speed and jam
density value. They were used to compare the actual curve fitting and statistical testing
based on the following assumptions:

e Flow is zero at zero density,

e [Flow is zero at maximum density,

s Mcan free speed oceurs at zero density, and

o Flow-density curves are convex (1.e. there is a point of maximum [low).

Desceriptive Statistics Model in Multiple Regression

The second model of data analysis is the multiple regression equation. This model was
computed o determine the goodness of fit for the collected data. Like many other
statistical procedures, multiple regression can summarisc the collected data and examine
the significant trends statistically. Regression techniques arc closcly related to the
analysis of variance (ANOVA). The signilicance level and the R of all the analysed data
were used to select the best model.
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Results

Figure 2 shows the lincar models of Mean Speed-Density at Spot [. [t renders a visual
unpression on the nature of the distribution that serves as the basis for this analysis. The
model was generated with the best straight line such that the sum of squared deviations
from the hne is nuninmused, The ntercepts of the regression line at the vertical and
horizontal axes are the value of jam density and free mean speed respectively. The
corresponding estimation of the jam densitics and free mean speeds for all sites arc
tabulated in Table 1.
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Figure 2: Regression Line & Regression Equation of Mean Speed-Density at Spot 1

Table 1 : Mean Speed — Density Relationship

Spot Formula Jam Density | Mean Free Speed
) (mc/km) {(km/hr)
| v = -0.075k + 56.470 753 56.5
2 v =-0.086k + 59.004 686 59
3 v =-0.110k + 59,923 545 60
4 B v =-0.080k + 58.785 735 59
5 v =-0.095k + 59.404 620 | 59.5

(ANOVA Analysis Significance < 0.01)
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Figures 3 and 4 show the relationship curves between flow rate, density and mean speed
of the typical spot (Spot 1). It was indicated that there is no significant difference
between Greenshields’™ model and Multiple Regression model approaches. The multiple
regression results of all spots are considered good with all R? values higher than 0.980
and at significance levels lower than 0.001.
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Figure 3: Flow Rate versus Density Models for Spot 1
Flow Rate vs Mean Speed for Spot 1
Greenshields’ Model
o 12000 q=-13.327v2 + 753
S 10000 v
% 8000 ' e X
$ 6000 |- Multiple Regression Model |
[ l q=-12.959v2 + 753.389v :
: ¢ a0 | R2 = 0.984 i
S o !
o 2000 | / v
| 0 v - - :
0 10 20 30 40 50 60

Mean Speed, v (km/hr)

Figure 4: Flow Rate versus Mean Speed Models for Spot 1

The computed values of saturation flow obtained from the flow rate, density and mean
speed models are tabulated in Table 2. The averaged saturation {low values were used in
the simple regression analysis to establish the relationship between saturation flow and
elfective lance width of an exclusive motoreycele lane (Figure 5). Considering that the R’
value obtained i1s 0.999, it 1s justified 1o use the equation as an initial guide in determining
the effective width and capacity of the motorcycle lane.
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Table 2 : Average Value of Saturation Flow

Saturation Flow
Effective Lane Flow Rate Flow Rate Averaged
Spot Width (m) Vs Vs Saturation
Density Mean Speed Flow
1 - 3.20 10,606 10,376 10,491
2 2.90 9,876 9,791 9,834
3 2.30 7,552 7,891 7,722
4 3.10 10,607 10,085 10,346
3 2.65 s 8,949 8,544 8,747
Saturation Flow versus Effective Lane Width
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Figure 5: Regression Line and Regression Equation of
Saturation Flow (Capacity)-Effective Lane Width Relationship
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Discussion and Conclusion

In this swmdy, the capacity of motorcycle lanes is the measurement of independent
motoreycle (raffic (expressed in saturation flow) on the elfective lane widths. Saturation
flow is defined as the maximum rate of flow of motorcycles that can cross the stop line of
the approach where there 1s a continuous queue of motoreycles. Figure 5 shows the five
data points that indicated a linear relationship between saturation flow and cffective lane
width of exclusive motorcycle lanes. Generally, the output of this study seems similar to
the study conducted by Public Works Department, Malaysia (Arahan Teknik Jalan 13/87,
PWD).

As shown in Figure 2, the majority of collected data accumulated at the first halves
portion of the straight line with densities ranging up o about 350 mec/km while mean
speed ranges from 30-55 knvhr. [n addition, Figures 3 and 4 show that collected data lics
within the mitial halves of the flow rate, density and mean speed curves. These scem to
indicate that Malaysian motoreyclists perceived good riding condition where there is no
congestion along the cxclusive motorcycle lane. This condition is termed “free flow”
where motoreyele can travel at desired speed without being affected by the presence of
another motorcycle. However, this free flow condition exist under low to moderate traffic
flow and will cease as traffic increased steadily until capacily is reached, ie. the
maximum point of the parabolic curve.

From the comparison between multiple regression’s model and Greenshiclds” model, it
may be inferred that the descriptive gtatistical analysis in multiple regression of the
relevant parameter relationship supports the generalised Greenshiclds’ model used as the
basic guide ol this study. As such, the results of data in Figure 2 were useful since the
alues ol jam density and mean free speed were appraised by simple regression
modelling. Hencee, the following equation derived [rom Figure 5 may be convenient as a
preliminary model relating motorceycle lane capacity (Qumay) with the effective lane width
(W)

Quan = 3329808W Eq.5

Note that these results need to be supported with data {rom higher occupancy conditions
because a widely distributed data collection will incorporate better comprchensive
models, for instance simulation models that describe the traffic operation in a realistic
manner. The development of motorcycle lane standards in Malaysia is recognised as new
knowledge and is vital and significant for the safe and cconomic design of exclusive
motoreycle lanes. Similar to other design standards, it nceds to be devcloped
systematically in order to produce design guidelines and procedurcs that are dependable,
feasible and practical. As such, further studies are needed (o look into other aspects such
as the design criteria of traffic flow, level of service, design life, cross-section, alignment,
environmental conditions, traffic management and pavement structure. Due (o the high
population of motorcycles in Malaysia and their high injury risk involvement, the
provision of a standard scgregated motoreycele lane would means solving the key problem
of road accident in Malaysia,
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