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Preface 

The technical papers presented in this book chapter incorporate 

range of traffic engineering applications with a common focus to 

provide a safe and reliable transportation system in the country. 

Since the subject of traffic engineering is a broad one, several 

articles from researchers have been selected that deal with 

fundamental knowledge in traffic engineering including method 

for data collection and passenger car equivalents, as well as safety 

in fire events and drivers speed choice. Under the theme of Traffic 

Engineering and Safety: Case Study, we believe that this book 

chapter is not only useful to civil engineering students, but is also 

interesting to the practicing transportation planners and engineers. 

In addition, the presented materials in this book chapter will 

provide an opportunity to researchers who intend to expand the 

scope and issues of some of the related research topics. 

Sitti Asmah Hassan and Nordiana Mashros 

Universiti Teknologi Malaysia 

2017 



 

 



1
The Use Of Automatic Traffic 

Counter In Traffic Data Collection

Ariff Mohd Arshad, Sitti Asmah Hassan, Nur Sabahiah Abdul 

Sukor and Rini Asnida Abdullah 

1.1 INTRODUCTION 

In traffic engineering, the data accuracy for the speed and traffic 
volume is very crucial whether for research purposes or road 
design. The data can be used for level-of-service (LOS) 
determination and transportation planning studies. LOS is 
basically explained as the performance of a transportation facility; 
in terms of congestion and delay, and misrepresentation by 
qualitative measures. Inaccurate traffic volume data may lead to 
inaccurate LOS, which in turn will affect any transport planning 
decisions that have been made. Future transportation conditions 

on a section of a road or intersection can be predicted by 
projecting the current traffic volumes. The traffic volumes are 
used to analyze the situations, and decisions that will be made on 
whether or not further improvements are required. Traffic impact 
studies use the same approach. Traffic volumes that are not 
accurate will produce incorrect calculations in design, 
improvement plan or transport planning (McGowen and 
Sanderson, 2011). Speed limit is designed to encourage safe speed 
of a vehicle in a roadway. Expressways in Malaysia for example, 
limit its users to only 110 km/h except at other certain areas. 
Suggested speed limit is an attempt to reduce speed-related 
crashes. Improvements made on speed countermeasures need to 
be based on accurate speed data. Inaccurate data obtained may 
compromise its effectiveness. 
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There are two different methods for collecting traffic 
volume and vehicle speed:  which are video and automatic. These 
two methods will give different results, which in turn may affect 
traffic assessment results. Automatic traffic counter (ATC) is 
widely used in data collection procedures in transportation studies. 
However, there is a major concern on the accuracy of the ATC in 
obtaining the traffic volume and vehicle speed on a road section. 
Therefore, manual counting using video recording is intended to 
use for calibration purpose of ATC. 

The aim of this study is to evaluate the accuracy of results 
obtained by automatic traffic counter in terms of traffic volume 
and average vehicle speed. To achieve this aim, the study is 
carried out with three objectives. The objectives are to obtain the 
traffic volume, vehicle speed of a road section using manual 
counting (video) and ATC, and to compare the results obtained 
from video recording and ATC. 

This study only considers two traffic parameters which are 

traffic volume and speed. Pneumatic tube detectors from Metro 

Count MC5600 RSU and video recording were used to obtain the 

data. This study was carried out at a road section on Jalan 

Universiti bound for Taman Universiti, Johor. The chosen road 

section is straight with a stretch of 200 meters before any 

obstructions occur. 

 

 

1.2 LITERATURE REVIEW 

 
Virtually all aspects of traffic engineering require volume as an 
input, including highway planning and design, decisions on traffic 
control and operations, detailed signal time and others (Roess et. 
al, 2004). Traffic volume is the number of vehicles passing at a 
given point or section of a road during a specified period of time 
which is usually one hour, but need not be. Volume will then be 
converted into flow, “q” that is more useful parameter. 

The flow, “q” can be expressed in vehicles/hour where n is 
the number of vehicles and the defined roadwayic is given at 
Equation. 1.1 Vehicle per hour is the most commonly used 
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descriptor of link flow and daily (24 hour) flow which is of 
particular value in evaluation studies (Taylor et al., 1996). 

 (1.1) 

Traffic counting determines the number and classifications 
of vehicles at specific locations and times (Zheng and Mike, 
2012). There are several methods to obtain traffic volume. Manual 
counts are the most basic technique for traffic volume counting. 
Manual counts can be performed during field observation or from 
video observation. While field observation is the common method, 
they are prone to have errors due to human incompetency. 

The employment of video in traffic counting is used to 

minimize this problem. Field observation data cannot be cross-

checked unless two counters are deployed together, whereas the 

quality of video based data can be readily cross-checked. To 

increase the accuracy of data collection, semi-automated video 

analysis or automated video analysis applications have been 

developed. Recorded video of a road section can determine various 

spot speed studies. 

Speed is crucial in the study of traffic. Speed or travel time 
rate is an important measure of the quality of the traffic service 
provided to the motorists (Transportation Research Board, 2010). 
Data on speeds and travel times of motor vehicles are essential to 
traffic engineers responsible for design and operation of streets and 
highways (Berry and Belmont, 1951). However, the data can only 
be used after it is analyzed and finding the true meaning of the 
data. The distribution of speed of vehicles on a particular location 
on a highway can be estimated by the spot speed studies 
conducted. The calculated mean speed is used to represent the true 
mean value of all vehicle speeds at the location (Garber and Hoel, 
1999). Speed expressed as distance divided by time where d is the 
distance the vehicle travel and t is the time the vehicle took to 
travel in and is given by the Equation. 1.2. 

Speed, (1.2) 
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Due to the constraints and limitations that occur in manual 
counting, automatic counting machines are deployed. Different 
methods predominate indifferent countries, partly as a reflection of 
the different ambient conditions such as climate, traffic mix and 
road conditions but also as a result of commercial decisions and 
historical accident (Taylor et al., 1996). Although there are many 
methods exist, pneumatic tubes are the most common method used 
these days as they are easy to handle. The term portable is used 
because it can be transported from location to location to conduct 
as many counts as needed (Roess et al., 2004). 

Pneumatic road tubes are thick-walled rubber tubes that 
will count vehicle axles. The raw data based on the number of 
axles will then be stored in the device. User can then retrieve the 
data and convert them into readable contents. Metro Count 
MC5600 RSU is a type of pneumatic tube detector. Pneumatic 
tubes will count vehicle axles. The tubes are a thick-walled rubber 
tubes that are laid on a road surface. When a vehicle passes a tube, 
an air pulse is sent to the roadside unit placed on the side of the 
road. Pneumatic tubes installed can also be used to calculate the 
spot speeds. But they can also produce errors in measurement of 
traffic volume and spot speeds as well.  

Error is produced by the difference between pneumatic 
tubes and the basis (video recording). There are three methods to 
calculate error. The methods are total error, absolute interval error 
and weighted interval error. The comparison uses the relative 
differences between the counts taken through each method to 
calculate the total error as given by Equation 1.3 (Greene-Roesel, 
et. al, 2008). 

 

 Total Error =   (1.3) 

 

Where Nx is the number of vehicles counted by the ATC 
and Nv is the number of vehicles observed using video recordings 
and acts as the basis. Absolute interval error will be used to capture 
the error within a given interval as given by Equation 1.4 (Greene-
Roesel, et al., 2008). 
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Absolute Interval Error = (1.4) 

The total number of intervals is the number of intervals for 
the whole period of observation. The third error calculation 
considers the weight of intervals by the basis counted as given by 
Equation 1.5. 

Weighted Interval Error = (1.5) 

Meanwhile, the total percent error gives an indication if the 
counter is consistently biased in one direction as it produces either 
a positive or negative result. However this case study only 
considers total error and absolute interval error (McGowen and 
Sanderson, 2011). 

The data collected is translated and organized by statistics. 
Statistics describe asset of tools and techniques that is used for 
describing, organizing, and interpreting information or data 
(Salkind, 2014). According to Votaw and Levinson (1962), 
statistics is the science that deals with general principles regarding 
the collection, analysis, and interpretation of data. Traffic 
engineering deals with specific applications of those principles in 
fundamental traffic research and in everyday studies like the 
studies of traffic volumes, origins and destinations, travel modes 
and patterns, speed and delay, and parking. 

The most common technique used to check the goodness of 
fit when both of the independent variable and the dependent 
variable are discrete has been the chi-squared test for statistical 
independence (Vogt, 2007). The chi-square test compares what is 
observed and what would be expected by chance as shown in 
Equation 1.6: 

(1.6) 

Where 

χ2 is the chi-square value, 
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  Σ is the summation, 
  O is the observed frequency 

  E is the expected frequency 
 

On the other hand, continuous data is associated with 

normal distribution. Independent Sample T-test is used to check 

the goodness of fit between two groups that are not dependent on 

each other. 
 

 

1.3 METHODOLOGY 

 
The results were compared to find the error. The total number of 
vehicles passing the road section and the spot speed of each 
vehicle during a chosen hour in a weekday were collected and 
analyzed. Prior to the passrenger, a pilot study was conducted to 
check the suitability of the site in terms of data sample. 

The location was chosen based on several considerations 
such as safety, traffic volume and location. The topography and 
character of the development of the study area were also 
considered along with the road sizes. The study location chosen 
was just outside of Universiti Teknologi Malaysia on a stretch of 
200 meters Jalan Universiti, bound for Taman Universiti only with 
the coordinate of 1°33'09.2"N 103°38'00.2"E as shown in Figure 
1.1. 
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Figure 1.1   The location of the study 

The traffic volume and speed of vehicles were determined 

using Metro Count MC5600 RSU as the ATC device and video 

recording. The results obtained from these methods were then 

compared to check the error. Figure 1.2 shows the configuration of 

the ATC. Two ATCs and four tubes length 4.5 meters each were 

used, and the spacing between two tubes were 1-meter apart. 

Figure 1.2   The configuration of Metro Count MC5600RSU 
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Figure 1.3 shows the actual video images for the manual counting 
process. The travel time of vehicle was taken when it passes the 
first marker (left cone) to the second marker (right cone). The 
spacing between cones was 15 meters apart. This distance was 
divided with travel time to get the vehicle speeds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3   Video recording image 
 

 

1.4 RESULTS AND DISCUSSION  
 

The data obtained by Automatic Traffic Counter (ATC) and video 

recording were categorized into two parts, i.e. traffic volume and 

vehicle speed. The results obtained using ATC were then 

compared with the video recording. The difference between them 

can determine the accuracy of the ATC. Microsoft Excel and SPSS 

were used to analyze the data. 
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1.4.1 Traffic Volume 

Observations have shown that a total of 400 vehicles were 

recorded using manual counting (video recording), while 400 

vehicles were recorded using ATC. Considering the total error 

based on Equation 1.3, total error of vehicle volume for both 

manual counting and ATC is shown in Table 1.1 below. 

Table 1.1   Traffic Volume for 15-minute interval (Total Error) 

 Time Interval Manual ATC Total Errors 

 (am) Counting 

 10.15 - 10.30 92 92 

 10.30 - 10.45 105 105 

 10.45 - 11.00 92 92 

 11.00 - 11.15 111 111 

Total N 400 400 0% 

Based on the result shown in Table1.1, the total error is 
zero. The number of vehicles obtained by using both manual 
counting and ATC is same. This is expected as the number of 
samples collected in 1 hour of study was small. Since the number 
of vehicle’s volume observed for each 15-minute interval in an 
hour of data collection is the same, the expected absolute interval 
error and weighted interval error as indicated in Equation 1.4 and 
1.5 is zero.  

To further demonstrate the validity of the traffic volume 

result, chi-square goodness of fit (2) was conducted since the 
data of traffic volume is a discrete data. Further statistical test was 
conducted to observe how well the observed data obtained from 
ATC fit with the manual method using video recording. The 
summary of the test is shown in Table 1.2. 

Table 1.2   Chi-Square goodness of fit test results for traffic volume 
Vehicle Volume 

Observed N Expected N Residual 

92 4 2.7 1.3 

105 2 2.7 -.07 

111 2 2.7 -.07 
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Total 8   

 
Test Statistics 

 Vehicle Volume 

Chi-Square 1.000a 

df 2 

Asymp. Sig. 0.607 

a. 3 cells (100.0%) have expected frequencies less than 5. The 

minimum expected cell frequency is 2.7. 

 

The Test Statistics table reports the results of the Chi-

Square test, which compares the expected and observed values. In 

this case, the discrepancy is very small and not statistically 

significant (Sig.=0.607). A chi-square goodness-of-fit test in Table 

1.2 indicates that there was no significant difference in the vehicle 

volume observed by using both ATC method and manual method 

(p = 0.607). 
 

1.4.2 Vehicle Speed  

 

The speed of vehicles using ATC and video recording was 

compared to determine the accuracy of ATC. The manual counting 

using video recording was assumed to be the basis. Figure 1.4 and 

Figure 1.5 below shows the normal speed distribution for both 

manual counting and ATC respectively. 
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Figure 1.4   Percentage frequency distribution for manual counting 

Figure 1.5   Percentage frequency distribution for ATC 

Vehicle Speed 

Vehicle Speed 
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Note that both the observations follow normal distribution. 

Table 1.3 shows the descriptive analysis between the manual 

counting and ATC. 
 

Table 1.3   The descriptive analysis between the two methods 
 Manual Counting ATC 

n 400 400 

Mean 50.77 51.71 

Mode 52.2 55.7 

Median 50.2 51.8 

Variance 46.03 48.5 

Standard Deviation 6.78 6.96 

Standard Error 0.34 0.35 

 

According to the results presented in Table 1.3, the mean 
speed for manual observation was 50.77 km/h while the ATC 
recorded 51.71 km/h. Further statistical test needs to be 
conducted to test the difference in average speed using 
independent sample t-test method. 

Hypothesis testing procedures were developed to compare 

them. The null and alternative hypotheses are Ho:1 - 2=0 versus 

Ha:1 - 2≠0. Table 1.4 shows the results of independent sample 
t-test for vehicle speed using both manual and ATC method. 

As shown in Table 1.4, the significance level for Levene’s 
Test for Equality of Variances is more than 0.05 (Sig. = 0.455), 
therefore the t-test results is referred under section Equal 
Variances Assumed. The value of Sign (2-tailed), which appears 
under the section labelled t-test for Equality of Means under 
category Equal variances assumed is larger than 0.05 (Sig. = 
0.053), hence there is no significant differences in the mean of 
vehicle speed for manual method and ATC method. 

An independent sample t-test was conducted to compare 
the mean vehicle speeds for manual method and ATC method. 
There was no significant difference in mean of vehicle speed for 
manual method (mean=50.77, SD=6.78) and ATC method 
(mean=51.71, SD=6.96); t(798) = -1.939, p = 0.053 (two-tailed). 
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Table 1.4   Significant testing for Vehicle Speed 
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1.5 CONCLUSIONS 

In this case study, traffic volume and speed were measured at 
Jalan Universiti, Skudai, Johor using ATC and video recording. 
These data were then compared and the significant testing 
between these two data collection methods were conducted. 400 
vehicle volumes and speeds were observed using both ATC and 
video recording in one hour of data collection with 15-minute 
intervals.  
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It is noted that some allowable errors can occur in 
collecting traffic data using two different methods. Therefore, 
comparison of results between these two data collection methods, 
namely ATC and video recording, was made in order to check the 
validity of the automatic device (ATC) in collecting the data. 15% 
error can be accepted between the two readings: ATC and manual 
counting using video recording. 

Very minimal error was observed in traffic volume and 
speed data between ATC and video recording. It was believed that 
this result is due to the very small sample size collected in the one 
hour duration. Statistical analysis has found that there is no 
significant difference in traffic volume and speed measurement 
obtained between ATC and video recording. The results show that 
automatic device (ATC) is a reliable tool to be used in collecting 
traffic data such as traffic volume and vehicle speed.   

Manual counts are relatively easy to use and inexpensive. 
However, some challenges can be expected especially in collecting 
big data such as coordination between personnel, and human errors 
due to fatigue etc. Often a massive collection of data is required, 
therefore, it is more effective to use automated counters to avoid 
any errors in observation. 
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2 
Measuring Passenger Car Equivalent 

At Signalized Intersection 

Nailly Izzaty Mat Sidek and Che Ros Ismail 

2.1 INTRODUCTION 

Malaysia is one of the countries in Asia that moving towards 

becoming a developed country. The development of this country is 

due to rapidly increase in population as well as technology. Hence, 

it will also contribute to the increasing amount of vehicles on road 

that will cause change in traffic conditions in this country. Thus, it 

is important to provide an efficient traffic system which is safe and 

comfortable for the purpose of safety. 

Capacity and saturation flow rate plays an important role in 

the design of signalized intersection (Leong et al., 2006). 

Saturation flow at signalized intersection can be referred as 

maximum flow rate of vehicles that able to move from stop line of 

an approach lane during green period. Saturation flow rate can be 

measured using passenger car unit per hour.  

In Malaysia, vehicle types are divided into five categories, 

specifically passenger cars, motorcycles, medium or light lorries, 

heavy lorries and buses. In designing signalized intersection and to 

control the efficiency of traffic flow, it is important to consider the 

type and size of the vehicles. Thus, a study on Passenger Car 

Equivalents (PCE) has been run in order to ensure that type of 

vehicles that passes thru the roadway contribute to saturation flow 

and traffic flow at the signalized intersection that been choose. 

PCE value that been practice in Malaysia is based on 

Arahan Teknik (Jalan) 13/87 which is Malaysian Design Standard 

document for roads (Public Works Department of Malaysia, 1987). 
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Besides, the PCE in United Kingdom (Webster, 1966) were quite 

similar with Arahan Teknik (Jalan) 13/87 shown in Table 2.1. 

 
Table 2.1   PCE value for signalized intersections according to Arahan 

Teknik (Jalan) 13/87 and Webster 
Vehicle 

Categories 

Malaysia 

ArahanTeknik (Jalan) 13/87 

United Kingdom 

Webster (1966) 

Passenger Cars 1.00 1.00 

Motorcycles 0.33 0.33 

Medium/Light Lorries 1.75 1.75 

Heavy Lorries 2.25 1.75 

Buses 2.25 2.25 

 

  The aim of this study is to determine the PCE value at 

signalized intersection on site and compares with the standard PCE 

values from Arahan Teknik (Jalan) 13/87. There are two objectives 

to achieve the aim of this study such as to determine the headway 

data for five categories of vehicles at signalized intersection and to 

determine the PCE value for each five categories of vehicles at 

signalized intersection. 

  The study has been carried out in an urban area in order to 

determine the PCE value for five categories of vehicles at 

signalized intersection. There are several factors to be observed 

before the study has been carried out. The factors are weather, 

good surface of roadway, no accidents occur at that time, no 

maintenances work, no illegal on the-road parking and no bus 

blockage. 

  All factors above would affect the PCE value if it is happen 

during the data been taken. On the other hand, the data has been 

taken using headway method. Time headway are calculated by 

measuring the elapsed time between the crossing of the stop line 

by the rear axis of the vehicle preceding it and the crossing of the 

stop line by its own rear axle in a same lane. First three vehicles 

are not being counted in order to avoid delay. 
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2.2 PREVIOUS STUDIES 

The Highway Capacity Manual (HCM) was first introduced the 

term “passenger car equivalents (PCE)” as “the number of 

passenger cars displaced in the traffic flow by a truck or bus, under 

the prevailing roadway and traffic conditions” (Transportation 

Research Board (TRB), 1965). 

The newer definition states that PCE is “the number of 

passenger cars displaced by a single or heavy vehicle of a 

particular type under specified roadway, traffic and control 

conditions” (TRB, 2000). It is important to convert traffic volume 

from veh/h into pcu/h so the interpretation of traffic conditions can 

be made consistently due to various vehicle types with different 

sizes and performances (Othman et al., 2013). 

PCE factor is not a fixed value and it varies from one place 

to another under the traffic condition of that junction. A study on 

PCE value in several places in Malaysia shows different in PCE 

values which are smaller to be compared with Arahan Teknik 

(Jalan) 13/87 (Leong et al., 2005). 

Based on studies at four junctions of Ames and Lowa using 

manual counting to determine the preliminary delay and time 

headway of cars, the total of 2093 cycles was studied resulting in 

2.29 seconds headway for each car on a direct route (Carstens, 

1971). Meanwhile, the PCE values for normal condition and under 

rainfall condition are different. It shows that all the PCE values 

decreased with the increase in rainfall intensity (Hashim and Ben-

Edigbe, 2012). 

A study derived PCE model based on assumption that 

passenger cars depart at a constant saturation flow headway where 

the model basis is headway method (Molina, 1987). The analysis 

was limited to through movements only while other factors such as 

percentage of trucks, vehicular volumes and headway increase of 

the eighth-positioned vehicles behind the truck are not considered.  
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It is discovered that position in queue did not have a 

pronounced effect when dealing with two and three-axle and 

single-unit trucks, but had a very pronounced effect with five-axle 

combination trucks. The method is currently the most common 

used for PCE estimation. It is known as basic headway method as 

in Equation 2.1. 

 

𝑃𝐶𝐸𝑖 =
𝐻𝑖 

𝐻𝑐
                                        (2.1) 

 

where, 𝑃𝐶𝐸𝑖 is passenger car equivalent of vehicle class i, 𝐻𝑖  is 

average headway of vehicle class i (sec) and 𝐻𝑖  is average 

headway of passenger car (sec). 

 There are several factors that affect PCE values. A study on 

the impact of light-duty trucks (LDTs) on the capacity of 

signalized intersections found that there are three factors 

influencing vehicle headways such as are length, performance and 

driver behavior (Kockelman and Shabih, 2000). 

 Based on the study where time elapsed from when the first 

vehicle in queue began to move to when the rear axle of the last 

vehicle in the queue crossed the stop line was measured and after 

the statistical analysis was come out. It conclude that vehicle 

length do influence the factor on vehicle headways. Hence, the 

recommended PCE values are 1.07, 1.41, 1.34, and 1.14 for small 

SUV, long SUV, vans and pick-up trucks respectively. 

 Another study found that effects of poor level terrain on 

PCE values under daylight and clear weather conditions (Ben-

Edigbe, 2009). Based on the hypothesis that PCE values differ 

significantly between roadway with and without vertical 

deflections. Hence, the study found substantial changes in PCE 

values and concluded that, ignoring PCE modifications could lead 

to grossly inaccurate capacity and level of service estimate with 

attendant consequences for traffic and transportation modelling. 
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2.3 DATA COLLECTION AND PROCESSING 

The signalized intersections at Persiaran Pulai Perdana and Jalan 

Teratai junction met the criteria that stated in the scope of the 

study. The following Figures 2.1 and 2.2 show the site of the 

study. 

Figure 2.1   Site of the study 

Figure 2.2   Panoramic views at the signalized intersection 
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2.3.1 Data Collection 

 

Traffic flows at the junctions were recorded using a video camera, 

which was installed in a suitable place. The video recording 

method was used to collect the headway data for five categories of 

vehicles at signalized intersection. Video recording also being used 

because of it was found that the observers might not have enough 

time to record the actual time headway of different vehicle passing 

through the stop line if vision is used. 

 All data were collected under dry weather conditions and 

during morning and evening peak hours. With the camera lens 

focusing on the stop bar reference line, collected traffic data was 

measure the elapsed time from the moment the first vehicle in the 

queue started moving from rest until the time the rear axle of the 

last vehicle in the queue crossed the stop bar reference line. 

 Only those vehicles that came to a complete stop before the 

signal turned green were considered in the queue while first three 

vehicles are not being counted in order to avoid delay. Therefore, 

after reviewing recordings of each approach lane of the junction, 

time headway of each vehicle was determined. 

 

2.3.2 Data Analysis 

 

After all data was collected, the recording was transferred into a 

computer for analysing process. By determining average of time 

headway of each vehicle according to type of vehicles and dividing 

it by the average of time headway of a passenger car, value of the 

PCE factor is determined. These data were extracted from the 

recordings and recorded on Microsoft Excel forms. Data was 

tabulated and categorised into several type of lead-lag vehicle. 

Using Microsoft Excel, result of the data was then presented in 

forms of bar chart and graph. 
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2.4 ANALYSIS AND RESULT 

2.4.1 Sample Size 

Based on the observation on site, the total amount of vehicles that 

passes through stop line at signalized intersection that able to be 

collected is 3925 vehicles. This amount of data was based on 

average traffic per hour per days during weekdays. Table 2.2 

shows the amount of sample according to the categories of 

vehicles. 

Table 2.2   The amount of sample according to the categories of vehicles 
Lead to Lag Vehicles Average Number of Vehicles 

c-c 404 

c-m 312 

c-sl 120 

c-bl 120 

c-b 121 

m-c 290 

m-m 259 

m-sl 120 

m-bl 120 

m-b 120 

sl-c 164 

sl-m 145 

sl-sl 132 

sl-bl 122 

sl-b 126 

bl-c 138 

bl-m 140 

bl-sl 122 

bl-bl 124 

bl-b 126 

b-c 120 

b-m 120 

b-sl 120 

b-bl 120 

b-b 120 

Total 3925 

Note: c = passenger car, m = motorcycle, sl = small lorry, bl = big lorry, b = bus 
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2.4.2 Time Headway 

 

In order to get the PCE value, firstly the time headway for all 

categories of vehicles has to be analysed. Table 2.3 shows the 

range of time headway that has been extracted from the video. 

According to the range of time headway for every categories of 

vehicles in this study, it shows that if the vehicles that leading or 

lagging in the lane is heavy vehicles, the time headway shows 

higher compared to if light vehicles leading or lagging. 

 In this study, big lorries and buses can be categorize as 

heavy vehicles while passenger car, motorcycle and small lorries 

categorize as light vehicles. Besides that, if heavy vehicle leading 

while light vehicle lagging, the time headway also slightly 

increase. Hence, the presence of heavy vehicles in the traffic 

stream results in increasing time headway. Other than that, heavy 

vehicles are larger than passenger car, and thus take up more space 

in traffic stream. 

 
Table 2.3   Range of time headway for all categories of vehicles 

Lead to Lag Vehicles Range (s) 

c-c 0.66 – 2.67 

c-m 0.26 – 2.10 

c-sl 0.61 – 3.74 

c-bl 0.70 – 3.38 

c-b 1.00 – 3.92 

m-c 0.21 – 2.30 

m-m 0.11 – 1.95 

m-sl 0.32 – 2.13 

m-bl 0.29 – 3.12 

m-b 0.56 – 2.83 

sl-c 0.96 – 3.71 

sl-m 0.35 – 2.87 

sl-sl 1.00 – 2.96 

sl-bl 1.00 – 3.60 

sl-b 1.44 – 3.87 

bl-c 1.06 – 3.81 

bl-m 0.93 – 3.21 

bl-sl 1.25 – 3.86 

bl-bl 2.00 – 3.95 
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bl-b 1.48 – 3.87 

b-c 1.40 – 3.64 

b-m 1.00 – 3.03 

b-sl 1.27 – 3.70 

b-bl 2.00 – 3.98 

b-b 1.76 – 3.86 

For the range of time headway for light vehicle following 

light vehicle, it shows noticeable different between heavy vehicle 

following heavy vehicle. Apart from that, the range of time 

headway for motorcycle following motorcycle show the lowest 

range which is 0.11 second to 1.95 second compared to other 

categories and the highest range is between bus leading while big 

lorry lagging with range between 2.00 second to 3.98 second. 

Based on the range of time headway, it can be concluded 

that the difference of time headway between light vehicle and 

heavy vehicle are because of different in size and capacity or load 

of each vehicle. From field observation, it was found that some of 

heavy lorries have carried huge loaded such as sand, aggregate, oil, 

rubbish and also passenger for bus. 

Compared to passenger car, small lorries and motorcycle, 

capacity of load that can be put is very limited because of the size 

is much more smaller compared to heavy vehicles. Other than that, 

widths of lane also affect the performance of each vehicle as well 

as traffic flow. This is because if one lane has small width, the 

traffic flow will automatically become slow. This is due to drivers 

must be aware of safe distance in order to avoid any collision. 

Hence, further analyses on time headway for each type of 

vehicles have been made. Figure 2.3 and Table 2.4, shows the 

distribution of data analysis time interval between motorcycles and 

motorcycle. The highest interval is between 0.49 seconds until 0.66 

seconds with frequency percentages of 27.8% and the percentage 

of cumulative frequency is 48.6% while the interval between 1.47 

seconds until 1.88 seconds and 1.89 seconds until 2.30 seconds 

shows the among the lowest frequency percentage by only 1.5% 

Table 2.3   Range of time headway for all categories of 

                   vehicles (cont.) 
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percentage and 0.8%. 

Based on analysis from distribution data analysis time 

internal between motorcycle and motorcycle, it can be conclude 

that most of the motorcyclists ride their motorcycle very close to 

the motorcycle in front of them. This situation is too risk for them 

because the distance between motorcycle and motorcycle is less 

than 1 second. However, for the purpose of safety, the sufficient 

space between the head is about 2 seconds. 

For distribution data analysis time interval between small 

lorry and small lorry is shown in Figure 2.4 and Table 2.5. 

Throughout this analysis also it can be found that most of small 

lorry driver drove with insufficient space between them. It shows 

that on 1.99 second to 2.18 second is the highest frequency 

percentage with 28.8% while the least frequency percentage with 

only 1.5% is on 2.77 second until 2.96 seconds. 

The results of this analysis can be formulated with a small 

lorry driver drove past the stop line for more than 1 second. 
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Figure 2.3   Distribution data analysis time interval between motorcycle 
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However, the distance of the head is still considered unsafe in the 

event of an emergency. The head distance should be greater than 

the above 3 seconds at least to ensure comfort and safety to the 

driver in front of a small lorry. 

 
Table 2.4   Analysis time interval between motorcycle and motorcycle 
Time 

Interval (s) 

Average Time 

Headway (s) 

Frequency 

(Number) 

Frequency 

(%) 

Cumulative 

Frequency (%) 

0.11 – 0.29 0.20 9 3.47 3.47 

0.30 – 0.48 0.39 45 17.37 40.85 

0.49 – 0.66 0.58 72 27.80 49.65 

0.67 – 0.85 0.76 66 25.48 74.13 

0.86 – 1.03 0.95 40 15.44 89.58 

1.04 – 1.21 1.13 15 5.79 95.37 

1.22 – 1.40 1.31 4 1.54 96.91 

1.41 – 1.58 1.50 4 1.54 98.46 

1.59 – 1.77 1.68 2 0.77 99.23 

1.78 – 1.95 1.87 2 0.77 100.00 

  

 
 
Figure 2.4   Distribution data analysis time interval between motorcycle 

and motorcycle 
 

Figure 2.5 and Table 2.6 shows the result of analysis of the 

relationship between the frequency and the time interval between 
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the head of a big lorry with a big lorry moving past the stop line at 

the signalized intersection. The frequency histogram graph 

showing the time intervals between 2.99 second until 3.17 second 

is the highest frequency percentage with 20.9%, while the 

percentage of cumulative frequency is 76.6%. A total of 3.2% is 

the percentage of the frequency for lowest frequency percentage 

with time intervals between 3.38 seconds until 3.56 seconds. 

  
Table 2.5   Analysis time interval between small lorry and small lorry 

Time 

Interval (s) 

Average Time 

Headway (s) 

Frequency 

(Number) 

Frequency 

(%) 

Cumulative 

Frequency (%) 

1.00 – 1.20 1.10 3 2.27 2.27 

1.21 – 1.39 1.30 12 9.09 11.36 

1.40 – 1.59 1.50 20 15.15 26.52 

1.60 – 1.78 1.69 20 15.15 41.67 

1.79 – 1.98 1.89 18 13.64 55.30 

1.99 – 2.18 2.09 38 28.79 84.09 

2.19 – 2.37 2.28 6 4.55 88.64 

2.38 – 2.57 2.48 8 6.06 94.70 

2.58 – 2.76 2.67 5 3.79 98.48 

2.77 – 2.96 2.87 2 1.52 100.00 

 

 
 

Figure 2.5   Distribution data analysis time interval between big lorry 

and big lorry 
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Hence, based on the observations, most of big lorry passing 

the stop line with the distance of head to head duration is less than 

2 seconds. However, this distance is still not considered safe due to 

the length and size of lorry plus their heavy loads which require a 

longer time. This is because large trucks require longer time to stop 

in an emergency situation. 

 
Table 2.6   Analysis time interval between big lorry and big lorry 

Time 

Interval (s) 

Average Time 

Headway (s) 

Frequency 

(Number) 

Frequency 

(%) 

Cumulative 

Frequency (%) 

2.00 – 2.20 2.10 13 10.48 10.48 

2.21 – 2.39 2.30 8 6.48 16.94 

2.40 – 2.59 2.50 14 11.29 28.23 

2.60 – 2.78 2.69 17 13.71 41.94 

2.79 – 2.98 2.89 17 13.71 55.65 

2.99 – 3.17 3.08 26 20.97 76.61 

3.18 – 3.37 3.28 5 4.03 80.65 

3.38 – 3.56 3.47 4 3.23 83.87 

3.57 – 3.76 3.67 10 8.06 91.94 

3.77 – 3.95 3.86 10 8.06 100.00 

 

 Based on analysis between bus and bus on Figure 2.6 and 

Table 2.7, it shows that overall the bus still drove too near with the 

leading bus. About 22.5% of driver bus tends to follow the leading 

bus with time headway from 2.82 second to 3.02 second. 

Meanwhile, with frequency percentage of 0.8% the time headway 

is from 3.66 second to 3.86 second. Hence, the analysis shows that 

most of the bus driver drove bus close to the leading bus with 

average of less than 3 seconds. Apart from that, some bus drivers 

still practice keeping sufficient time headway 

Based on the analysis for every categories of vehicle, it 

shows that most of the drivers are not practising safe following 

distance. Hence, this can affect the PCE value in that area. In 

addition, for vehicles transporting heavy loads such as large trucks 

and buses, a secure and appropriate head should be emphasized. 

This is because, basically heavy vehicles will carry a higher load 

capacity compared the capacity for light vehicles. 
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Figure 2.6   Distribution data analysis time interval between bus 

and bus 

 
Table 2.7   Analysis time interval between bus and bus 

Time 

Interval (s) 

Average Time 

Headway (s) 

Frequency 

(Number) 

Frequency 

(%) 

Cumulative 

Frequency (%) 

1.76 – 1.97 1.87 3 2.50 2.50 

1.98 – 2.18 2.08 20 16.67 19.17 

2.19 – 2.39 2.29 11 9.17 28.33 

2.40 – 2.60 2.50 26 21.67 50.00 

2.61 – 2.81 2.71 17 14.17 64.17 

2.82 – 3.02 2.92 27 22.50 86.67 

3.03 – 3.23 3.13 5 4.17 90.83 

3.24 – 3.44 3.34 6 5.00 95.83 

3.45 – 3.65 3.55 4 3.33 99.17 

3.66 – 386 3.76 1 0.83 100.00 

 

 Therefore, heavy vehicles require a relatively large distance 

of about 12 seconds or 100 meters to the vehicle in front. It allows 

heavy vehicles to have sufficient time to make a reaction or stop in 

an emergency situation. In addition, if a safe distance is being 

practice by the drivers of heavy vehicles, the impact applied to the 

vehicle in front in case of an accident is much lower compared to 

when heavy vehicles with short distance. 
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2.4.3 Passenger Car Equivalent Value  
 

 Basic headway method being chooses in order to calculate 

the PCE value. This method being chosen because it is the most 

simple and easy to understand and also has been used in many 

others studies. This method starts with knowing the average value 

of each category using the following Equation 2.2. Next, proceed 

with calculation of PCE values using headway method as in 

Equation 2.1. 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =
∑ 𝑋𝑖

𝑛

𝑖=1

𝑛
                                   (2.2) 

 

where, ∑ 𝑋𝑖
𝑛
𝑖=1  is total time headway and 𝑛 is number of sample. 

 

 Table 2.8 shows the number of samples, the average for 

each category of vehicle traveling straight through signalized 

intersection and the PCE value, which were calculated by the 

method as described above. Based on the analysis, it was found 

that motorcyclists who like to follow the vehicle in front with a 

relatively low head. 

 In addition, there are significant differences for the PCE 

between passenger cars and heavy vehicles (small trucks, large 

trucks and buses). This is because trucks carrying heavy loads, 

while a bus carrying passengers. Therefore, heavy vehicles travel 

at the speed lower than those passenger cars. 

 
Table 2.8   PCE value for every category of vehicles 

Types of 

Vehicle 

Total Time 

Headway (s) 

Average Time 

Headway (s) 

PCE 

Value 

c-c 674.83 1.67 1.00 

c-m 334.23 1.07 0.64 

c-sl 224.94 1.87 1.12 

c-bl 247.03 2.06 1.23 

c-b 235.96 1.95 1.17 

m-c 260.88 0.90 0.54 

m-m 183.68 0.71 0.42 

m-sl 151.96 1.27 0.76 
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Table 2.8   PCE value for every category of vehicles (cont.) 
m-bl 198.76 1.66 0.99 

m-b 209.55 1.75 1.05 

sl-c 306.66 1.87 1.12 

sl-m 209.64 1.45 0.87 

sl-sl 247.80 1.88 1.12 

sl-bl 272.63 2.23 1.34 

sl-b 311.01 2.47 1.48 

bl-c 335.14 2.43 1.45 

bl-m 227.95 1.63 0.97 

bl-sl 301.10 2.47 1.48 

bl-bl 360.10 2.90 1.74 

bl-b 322.58 2.56 1.53 

b-c 315.18 2.63 1.57 

b-m 258.60 2.16 1.29 

b-sl 289.96 2.42 1.45 

b-bl 330.34 2.75 1.65 

b-b 315.82 2.63 1.58 

 

 Table 2.9 shows the comparison of results obtained from 

the field study and suggested by Arahan Teknik (Jalan) 13/87. For 

motorcycles, there is slightly difference of the results where the 

PCE from the study is 0.42 which is slightly increased from the 

suggested PCE value. In addition, the PCE for small lorries is 1.12, 

while the suggested PCE value is 1.75. Thus, there is slightly 

difference of 0.63 between PCE values. Meanwhile, the PCE for 

heavy vehicles such as buses and big lorry has huge difference. 

The value for big lorries and buses were found to be 1.74 and 1.58 

from the study respectively smaller compared to 2.25, the 

suggested PCE value by Arahan Teknik (Jalan) 13/87. 

 
Table 2.9   Comparison of passenger car equivalents 

Types of Vehicle Arahan Teknik (Jalan) 13/87  

Passenger Cars 1.00  

Motorcycles 0.33  

Small Lorries 1.75  

Big Lorries 2.25  

Buses 2.25  
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2.5 CONCLUSION 

 

 Based on the comparison made between the values of PCE 

obtained from the study and the suggested PCE by Arahan Teknik 

(Jalan) 13/87, the average value of PCE was lower than the stated 

value of PCE. In addition, the study also found that all the PCE for 

all categories of vehicles showed less than 2. It shows that drivers 

tend to follow the vehicle in front at a smaller gap. However, more 

data for buses are needed to improve the results obtained. 

 

 

REFERENCES 

 

Ben-Edigbe, J. 2009. “Application of PCE Values in Highway 

Capacity and LOS Analysis.” 13th REAAA Conference 

Korea, 2009 Incheon City, Korea, 23-26 September. 

Carstens, R. L. 1971. “Some traffic parameters at signalized 

intersections.” Traffic Engineering, 41(11): 33-36. 

Hashim, M. A. and Ben-Edigbe, J. 2012. “Evaluation of 

Passenger Car Equivalent Values under Rainfall.” 

International Conference on Traffic and Transportation 

Engineering (ICTTE), 2012 Hong Kong, China, 17-18 

February. 

Kockelman, K. and Shabih, R. 2000.“Effect of light-duty truck on 

the capacity of signalized intersections.” Journal of 

Transportation Engineering: American Society of Civil 

Engineers, 126(6): 506-512. 

 

Leong, L. V., Wan Hashim, W. I. and Ahmad Farhan, M. S. 2006. 

“Passenger Car Equivalents and Saturation Flow Rates for 

Through Vehicles at Signalized Intersections in Malaysia.” 

22nd ARRB Conference-Research into Practice, 2006 

Canberra, Australia, 29 Oct-2 Nov. 

Molina, C. J. 1987. “Development of passenger car equivalent for 

large trucks at signalized intersections.” Institute of 

Transportation Engineers Journal, 57: 33-37. 



34                            Traffic Engineering and Safety: Case Study                                     

 

Othman, C. P., Che Ros, I. and Nordiana, I. 2013. Kejuruteraan 

Lalu Lintas. Johor Bahru: Universiti Teknologi Malaysia. 

Public Works Department (PWD) .1987. Arahan Teknik (Jalan) 

13/87: A guide to the design of traffic signals. Kuala 

Lumpur: Public Works Department, Malaysia. 

Transportation Research Board .1965. Highway Capacity Manual. 

Washington D. C.: TRB Special Report. 

Transportation Research Board .2000. Highway Capacity Manual. 

Washington D. C.: TRB Special Report. 

Webster, F.V. 1966. Traffic Signal Settings: Road Research 

Technical Paper No. 56. United Kingdom: Road Research 

Laboratory. 

 



3 
Comparison Between Point And 

Segmental Flow For Two-Lane Single 
Carriageway Road 

 

Siti Farhana Abd Ghani and Che Ros Ismail 

 

 

 

3.1 INTRODUCTION 

 

Traffic flow or volume is an important measure in the planning and 

design process for all aspects of the road network. In planning, 

flow measurements are important to be used in the classification of 

streets, in origin-destination studies, identification of traffic trends, 

in revenue prediction, and etc. Traffic flow information is use to 

design new facilities and redesign existing facilities. Flow rate or 

volume is an important macroscopic flow characteristic, defined as 

the number of vehicles passing a point in a given time period 

usually expressed as an hourly flow rate (May, 1990). The 

measurement is conducted by counting the number of vehicles (n) 

passing a particular point in one lane in a period (t). 
 Since the number of vehicles in Malaysia is increasing 

annually at a steady rate, the traffic volume also increases. Thus, it 

will cause increase in traffic related accidents. Increase in traffic 

volumes causes traffic congestion in terms of increases in delays and 

increases in number of stops per vehicle. This study is aimed at 

observing the traffic volume at point and segmental flow by using the 

methods of moving car observer and auto traffic counter. Different 

methods used will get different flow data at each section of road. 

Besides that, this study also aimed at observing whether the traffic 

volumes for both point and segmental flow are same or significant. 

The data flow obtained must be accurate for the forecasting planning 

otherwise it will affect inaccurate analysis for road performance. 
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 The goal of this study is to compare the traffic volume at 

point and at segmental flow for two-lane single carriageway road. 

The objectives to achieve this goal are to determine the traffic flow 

by using moving car observer method and auto traffic counter, to 

compare the traffic flow obtained from point flow and segmental 

flow and to determine the relationship of traffic flow between point 

flow and segmental flow. This study focuses on the traffic flow 

obtained at point section and segment section for two-lane single 

carriageway road to analyse their traffic flow differences. The 

methods used are moving car observer and auto traffic counter. 

 Increases in growth population cause increases in traffic 

users. The future challenges at the beginning of the twenty-first 

century are more systematic and comprehensive transportation 

system management activity and a gradual implementation of the 

most promising new technologies (May, 1990). These two 

challenges will make maximum use of the existing transportation 

system. This study can be used as a reference to identify the 

problems that will occur along the road whether at point stream or 

segment stream. The traffic volume obtained is used to determine 

the level of services for streets, document traffic congestion and 

justify the need for street improvements. 

 

 

3.2 LITERATURE REVIEW 

 

There are four main components of highway transportation mode 

such as the driver, pedestrian, vehicle and road (Garber and Hoel, 

2009). In designing roadways, road engineers need to consider 

several factors such as number of lanes and lane width. Criteria 

such as curve radius and road gradient also need to be considered 

in hilly and mountainous regions where these certainly affect the 

carrying capacity of the roadway. Furthermore, the carrying 

capacity of the road reduces with inadequate road design. So, the 

road will either carry more or less traffic if improper planning. 

 The procedures developed for two-lane highway segments 

provide the basis to evaluate level of service and capacity (Garber 
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and Hoel, 2009). There are two levels of analysis for highway 

segments including operational and planning operations. At an 

operational level, level of service is determined based on existing 

or future traffic conditions and specific roadway characteristics 

The Highway Capacity Manual (HCM) procedure is designed to 

analyse two-lane highway segments for two-way traffic, for a 

specific direction or for a directional segment with a passing lane. 

 

3.2.1 Driver Behaviour 
 

In designing, a problem that always faces by traffic and 

transportation engineers when they consider driver characteristics 

is the varying skills and perceptual abilities of drivers on the 

highway to hear, see, evaluate, and react to information. Driving 

behaviour is complex in terms of the amount of information being 

processed, the chance of being affected by human errors and the 

number of parties being involved in. A driver needs to know the 

status of his own vehicle and other adjacent vehicles, traffic 

control facilities and traffic signs, road geometry and surface 

conditions, and even weather and lighting conditions. 

 Generally, driver behaviour involves two main aspects of 

the driving task: control, or the process necessary to guide steering 

and speed control; and monitoring, or the process necessary to 

maintain awareness of the external environment as needed for 

decision making. The changes in driver behaviour usually include 

changes in reaction times, desired speeds and following distances. 

Previous study stated that while driving, humans constantly 

perceive their immediate driving scenario and react accordingly 

(Chakroborty et al., 2004). Driver’s actions are motivated by two 

factors including the driver’s concern for safety and driver’s urging 

to reach his or her destination as soon as possible.  

 

3.2.2 Driver Behaviour in Free Flow Conditions 

 

Free flow speed (FFS) is referred to as a motorist’s desired speed 

on a road segment at low traffic flow or low traffic density 
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condition, and in the absence of traffic control devices (Othman 

et.al, 2014). In a situation where the volume of traffic is light or in 

a free flowing condition, the driver’s selection of speed is usually 

constrained by such factors as the road geometry features, lighting, 

and weather conditions. Free flow speed is used in assessing the 

expected operating conditions or level of service (LOS) of 

highways. Besides that, speed limits also changes the driver 

behaviour include changes in the speed distribution, driver 

compliance, and close following. 

 

3.2.3 Driver Behaviour in Car-Following Situations 
 

Car-following theories describing how one vehicle follows another 

vehicle were developed primarily in the 1950s and 1960s. One of 

the key element of driver behaviour is car following. It is a control 

process where a driver of a following vehicle uses to maintain a 

safe distance to the vehicle ahead by using either acceleration or 

deceleration, according to the actions of the leader vehicle. 

Different drivers may adopt different strategies. However, 

maintaining a low relative velocity comes at the expense of more 

variance in the inter-vehicle separation distance and vice versa 

(Van Paassen and Mulder, 2005). 

 Car-following behaviour consists of two aspects: how 

much distance drivers allow for a leading vehicle as an acceptable 

headway distance, and how they control acceleration according to 

the movement of the leading vehicle (Toshihisa and Motoyuki, 

2012). Normally, the driver in the car following stage is assumed 

to move forward without the intention of changing lane or 

overtaking. Therefore, each driver in a following vehicle is 

supposed to be an active and predictable control element in the 

driver-vehicle-road system (Gartner et.al, 1992). 

 

3.2.4 Driver Behaviour in Passing (Overtaking) Situations 
 

Based on previous study, overtaking is considered to be a 

hazardous and a complex driving subtask, since overtaking 
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involves many activities, for example steering, monitoring and 

accelerating, at the same time closely watching the vehicle ahead, 

possible opposing traffic and other traffic all at relatively high 

speeds (Hegeman et.al, 2005). 

 On two-lane highways, passing sight distance is another 

critical safety feature. Since vehicle pass by using the opposing 

traffic lane, passing manoeuvres on two-lane rural highways are 

particularly dangerous. Passing sight distance is the minimum sight 

distance required to safely begin and complete a passing 

manoeuvre under the assumed conditions for the highway (Roess 

et.al, 2011). Besides, passing sight distance also need not be 

provided at every point along a two-lane rural highway. 

 

3.2.5 Traffic Volume 
 

Traffic facilities are separated into two principal categories. These 

are uninterrupted flow and interrupted flow. Both uninterrupted 

and interrupted flows are differing in term of the impact of time 

where interrupted flow, therefore, is more complex than 

uninterrupted flow. Traffic volume is defined as the number of 

vehicle passing a point on a highway, or a given lane or direction 

of a highway, during a specified time interval. It can be determined 

by using the following Equation 3.1. 

 

𝑞 =
𝑛 × 3600

𝑇
𝑣𝑒ℎ/ℎ                                  (3.1) 

 

where, 𝑛 is the number of vehicles passing a point in the roadway 

in the number of vehicles passing a point in the roadway in T sec 

and 𝑞 is the equivalent hourly flow. 

 

 

3.3 METHODOLOGY 

 

In observing the traffic flow for two-lane single carriageway road, 

it is essential to address the problems that signify the importance 

of the study. This study was done by identifying the field data 
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requirement before the specific location is chosen. However, the 

selection of the location is also influencing the criteria of study 

area and procedure for data collection. Generally, the selection of 

suitable vantage point with good visibility is one of the significant 

criteria to make a survey of traffic condition in an area in order to 

acquire the data needed. Without appropriate vantage point, it will 

contribute to the major factor affecting the type of data obtained 

for this study. The clear view of scene then makes data easily 

abstracted and properly analysed. 

 

3.3.1 Data Requirement 
 

The data required for this study are traffic volume and time at 

specific distance. The key point of measurement is the vehicle 

volume count. The data of traffic volume had been conducted at 

two differences road stream which were point flow and segmental 

flow. The need of these data is important to determine whether the 

traffic flow obtained at point and segmental road section are same 

or significant using different methods. 

 

3.3.2 Location Selection 
 

This study requires one area where an investigation of traffic flow 

will be done on two-lane single carriageway road with a high 

traffic volume. The study area is selected with consideration that 

the site is homogenous in geometric characteristics throughout 

their whole length. Therefore, the selection of study area is based 

on the following criteria: 

 

(1) Junctions: There is no major junction within the segment or 

within at least 250m of its endpoints. 

(2) Speed limits: No segment contain within it, or within 250m 

of its endpoints, any restriction other than the national 

speed limit. 

(3) No. of lanes: No sections of three lane road were permitted 

within a segment. 
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(4) Road works: There is no road works were taking place 

along the segment. 

(5) Length: Segments should preferably be more than two (2) 

km and not greater than five (5) km in length.  

 

3.3.3 Required Equipment 
 

Field data collections were carried out at selected site using several 

types of equipment namely, Metro Count 5600 Series Roadside 

Unit, rubber pneumatic tubes, trumeter, road nail, Figure-8 Cleat, 

and a set of toolkit: heavy ball hammer, one metre stick, and 

bitumen tape. Some of the equipment are shown in Figure 3.1. 

Roadside Unit is one of the methods for traffic flow data 

collection. 

  

  
a) MetroCount 5600 Series 

Roadside Unit 

b) Rubber pneumatic tube 

 
  

c) Trumeter d) Heavy ball hammer e) Figure-8 cleat 

 

Figure 3.1   Data collection equipment 

 

However, one particular difficulty with the method is when 

installing one Roadside Unit across two lanes of bidirectional 

traffic may result in loss of data quality. Consequently, this 

problem contributes to the major factor affecting the type of data 
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obtained at the site. After that, this equipment is then attached with 

rubber pneumatic tubes for the sensor configuration of traffic flow 

while the trumeter is used to measure width of the two lane road. 

 

3.3.4 Data Collection Method 
 

3.3.4.1 Moving Car Observer 

 

This method is used to collect traffic flow data at segmental road 

stream. In this study, the length of a road stretch used for 

conducting the moving observer test was 2 km started from Jalan 

Pontian to Kg. Ulu Pulai and vice versa. The distance of study 

zone was determined by using in-vehicle tripmeter. During data 

collection process, a test car and three observers are used. 

 A driver, who is the first observer driving at an average 

speed and obeyed the speed limit on the road, recorded the number 

of vehicles in the opposing direction. Second observer is recording 

the started and ended time for every zone includes the stopping 

time of test car along the stretch. The last observer is recording the 

number of overtaking vehicles and the number of vehicles being 

overtaken by the test car. During survey, the traffic flow data is 

conducted for about 5 rounds to get a better data and results. The 

hourly flow rates for northbound and southbound directions were 

determined using the Equations 3.2 and 3.3 respectively: 

 

𝑉𝑛 =
60 (𝑀𝑠 + 𝑂𝑛− 𝑃𝑛)

(𝑇𝑠+ 𝑇𝑛)
                                  (3.2) 

 

𝑉𝑠 =
60 (𝑀𝑛 + 𝑂𝑠− 𝑃𝑠)

(𝑇𝑛+ 𝑇𝑠)
                                  (3.3) 

 

where, 𝑉 is the directional hourly volume for the north-bound 

direction (veh/h), 𝑀 is opposing vehicles to the test car’s direction 

of travel (veh), 𝑂 is vehicles overtaking the test car (veh), 𝑃 is 

vehicles passed by the test car (veh), 𝑇 is travel time taken to 

traverse study segments (minutes), 𝑛 is north bound direction and 𝑠 is 

south bound direction. 
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3.3.4.2 Automatic Traffic Counter 

 

For this method, data traffic flow is conducted at point road section 

by using sensor configuration. A pneumatic tube is used as a 

surface detector. The rubber tubes are placed across the road lanes 

at the start point and end point to detect vehicles when a vehicle 

tyre passes over the tube. The width of road lane is measured by 

using a trumeter. The width of the road is 4.5m for each lane. The 

traffic flow data is collected for about one hour. The Roadside Unit 

is installed by the following steps: 

 

(1) Two cleats are attached to the kerb side of each tube. The 

end of each tube is sealed with two knots, adjacent to the 

cleats. Both tubes are secured to the road using a road nail 

through the eyelet of each cleat. Each tube is stretched 10% 

to 15% to minimise lateral movement. 

(2) For a longer distance, bitumen tape is attached on the 

centre of tube to minimise lateral movement and to 

maximise data quality.  

(3) The inner tray is removed from the stainless steel case and 

both tubes are feed up through the handle. The PVC main 

system unit is placed next to the tray and each tube is 

attached to the appropriate air sensor where the A tube is 

the first tube hit by vehicles travelling on the side of the 

road on which the Roadside Unit is installed. The PVC 

main system unit is then placed into the tray and each tube 

is pushed into the tray’s respective locking cut-outs.  

(4) After placing, tubes were checked to ensure they are 

functioning properly. When the data collection period has 

ended, the recorded data are checked for accuracy. 

 

 

3.4 RESULT AND DISCUSSION 
 

The results and findings of the survey at the observation site will 

be discussed in this section. The data and results were obtained 
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from moving observer method and automatic traffic method. For 

the road chosen in this study, the geometric features of the 

directional segments designated as northbound (NB) and 

southbound (SB). The result were analysed and presented in table 

and figure forms for better and clearer understanding. 

 

3.4.1 Estimation of Traffic Flow 
 

3.4.1.1 Traffic Flow Estimates using Moving Car Observer 

 Method 

 

Moving car observer method was conducted to determine the 

traffic flow at segments road. Equations 2 and 3 were used to 

determine the traffic flow for the northbound and southbound 

segments from which the two-way hourly flow rate for each 

segment was determined. Time taken by the test vehicle to reach 

the other end of the stream while it is moving along with the traffic 

was recorded separately in different set of data. Traffic flow was 

determined as the total number of vehicles pass through a specific 

point divided by the average travel time taken (for five test runs). 

 Table 3.1 and table 3.2 presents the result of the traffic flow 

calculated for the segment section of the road. From the results as 

in Figure 3.2 and Figure 3.3, it can be seen that the traffic flow 

value from Kg. Ulu Pulai to Jalan Pontian is higher than traffic 

flow from Jalan Pontian to Kg. Ulu Pulai in data set number 2. The 

values are 625 veh/h from north to south and 892 veh/h from south 

to north. The traffic flow value is higher from south to north 

because this study was conducted during peak hour. More vehicles 

travel from Jalan Pontian to Kg Ulu Pulai because most road users 

tend to use this segment as their route back home from office 

during peak hour. 
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Table 3.1   Traffic flow from Jalan Pontian to Kg. Ulu Pulai 
Data set M O P Ts(min) Tn(min) q (veh/h) 

1 37 1 0 1.92 1.92 594 

2 40 0 0 1.92 1.92 625 

3 36 1 1 2.12 2.12 538 

4 35 0 0 2.04 2.04 515 

 
Table 3.2   Traffic flow from Kg. Ulu Pulai to Jalan Pontian 

Data set M O P Ts(min) Tn(min) q (veh/h) 

1 39 1 0 2.22 2.22 540 

2 61 2 0 2.12 2.12 892 

3 35 0 0 1.98 1.98 530 

4 36 0 0 2.11 2.11 512 

 

 
 

Figure 3.2   Traffic flow from Jalan Pontian to Kg. Ulu Pulai 
 

 
 

Figure 3.3   Traffic flow from Kg. Ulu Pulai to Jalan Pontian 
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3.4.1.2 Traffic Flow Estimates using Automatic Traffic 

 Counter 
 

Table 3.3 and Table 3.4 presents the traffic flow collected based on 

using automatic traffic counter. The Roadside Unit was installed at 

the same site location as segmental flow. The traffic flow data was 

collected automatically as the vehicles are passing through the 

pneumatic tubes. The Figure 3.4 and Figure 3.5 show that the 

traffic flow in data number 2 also has the highest traffic flow. The 

traffic values are 621 veh/h from north to south and 881 veh/h 

from south to north. 

 
Table 3.3   Traffic flow from Jalan Pontian to Kg. Ulu Pulai 

Data Set Time (pm) Flow (veh/h) 

1 12.00 535 

2 04.00 621 

3 12.00 578 

4 11.39 510 

 
Table 3.4   Traffic flow from Kg. Ulu Pulai to Jalan Pontian 

Data Set Time (pm) Flow (veh/h) 

1 12.00 527 

2 04.00 881 

3 12.00 499 

4 11.39 466 

 

 
 

Figure 3.4   Traffic flow from Jalan Pontian to Kg. Ulu Pulai 
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Figure 3.5   Traffic flow from Kg. Ulu Pulai to Jalan Pontian 

 

3.4.2 Comparison of Traffic Flow from MCO and ATC  

 

Table 3.5 show the relationship between the traffic flow estimates 

from moving car observer method and automatic traffic counter 

method. A comparison was made based on the results obtained as 

presented in the table. 

 
Table 3.5   Comparison of Traffic flow estimates 

Date 

 

Time 

(pm) 

Direction 

 

Traffic flow,  

q at point 

(veh/h) 

Traffic flow, 

q at segment 

(veh/h) 

18/12/2014 

 

12.00 

 

NB 535 594 

SB 527 540 

20/12/2014 

 

4.00 

 

NB 621 625 

SB 881 892 

22/12/2014 

 

12.00 

 

NB 578 538 

SB 499 530 

02/04/2015 

 

11.39 

 

NB 510 515 

SB 466 512 

Mean Values 577 593 

 

The results presented in Table 3.5 indicated that observed 

traffic flow estimates from automatic traffic counter method were 

found to be consistently lower than those based on moving car 

observer method. This is well consistent with the overall mean 
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traffic flow value for all the point and segments evaluated. 

 This could be due to a problem when two vehicles traverse 

the sensors (pneumatic tubes) simultaneously. The sequence of 

axle hits produced by such an event makes it difficult to discern 

actual vehicles. As the number of simultaneously crossing events 

increase, the data quality will decrease thus may result in loss of 

data quality. 

 The difference between the traffic flow values from the two 

approaches was examined for further comparison among the 

estimates. It was made based on 45° diagonal line plot to see how 

the data points are scattered relative to the diagonal line as shown 

in Figure 3.6. 

 From Figure 3.6, mostly the data points lie below the 45° 

diagonal line which indicates that segmental flow are consistently 

higher than point flow. Moving car observer method estimates 

were found to be higher by about 16 veh/h (based on the overall 

mean traffic flow values). 

 

 
Figure 3.6   Comparison between point flow and segmental flow 

  

Based on the comparison between the traffic flow values 

from the two methods, a relationship was established between 

them. Figure 3.7 shows the graphical relation between the traffic 

flows from the two methods. 
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Figure 3.7   Relationship between point flow and segmental flow 

 

 

3.5 CONCLUSION AND RECOMMENDATION 
 

3.5.1 Conclusions 
 

Conclusion that can be drawn from the result of this investigation 

is traffic flow estimates from automatic traffic counter method 

were found to be consistently lower than those based on moving 

car observer method. This is consistent with the overall mean 

traffic flow value for all the point and segments evaluated. Moving 

car observer method estimates were found to be higher about 16 

veh/h (based on the overall mean traffic flow values). According to 

the comparison between the traffic flow values from the two 

methods, a relationship was developed between them. 

 

3.5.2 Recommendations 
 

Based on the result and experience faced during this investigation, 

these are some recommendations for future study: 

(1) It is recommended that field data be gathered at several 

sites to better compare the traffic flow results by these two 

methods, and better yet to incorporate some other methods 
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in the study for better comparison. 

(2) During surveying a bi-directional traffic flow which is two-

lane single carriageway, the preferred installation method is 

to use one Roadside Unit per lane. This will ensure the best 

achievable accuracy for a given site, in terms of volume, 

classification and speed.  
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4.1 INTRODUCTION 

 

Malaysia has achieved successes in many fields, including in 

economic activities. As a developing country, transportation and 

road network has become an important tool in building the nation, 

as it brings the states closer together. Therefore, there is a need for 

a safe and modern road infrastructure for all road users. A set of 

road laws have been imposed to ensure a systematic and regulated 

road system for all types of road conditions and the ever increasing 

volume of traffic from year to year. One of those laws 

implemented is by regulating the speed limit, which has long been 

introduced to regulate the vehicle speed in any developing country. 

 Speed limits are used in most countries to set the maximum 

speed at which road vehicles may legally travel on particular 

stretches of roads. In Malaysia, the highest speed limit is 110 km/h 

assigned to expressways, while 90 km/h for both federal and states 

roads, and is regulated to 60 km/h if it is near town areas. These 

speed limits may however from time to time decrease to 

accommodate to certain circumstances, such as festive seasons 

where there will be a large volume of vehicles travelling within 

states, and both the drivers and passenger’s safety is important. 

The failure to abide to the speed limit is an offence as stated in the 

Malaysian Road Safety Act 1987. 

 The Public Works Department of Malaysia, otherwise 

known as Jabatan Kerja Raya Malaysia (JKR) is the government 
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agency that is responsible for setting the speed limits of roads in 

Malaysia. Speed limit is set at a maximum or minimum, depending 

on the road design to ensure a smooth and safe travel of the road 

users and also non road users. Speed limit also provide drivers 

with indication and information of the surrounding road stretch on 

traffic conditions on whether the road is located near residential 

areas, hospitals or school areas where there are a lot of on-going 

pedestrian activities which needs the driver’s full attention. 

 With the increase of traffic volume and booming economic 

activities, speed limits may be altered in some places, whereby the 

current speed limit is either set to a minimum or maximum is no 

longer suitable. The road environment such as better road 

infrastructure and more advanced automotive technology can also 

affect driver’s speed choice through influencing both the driver’s 

perception of their current speed and the speed that they think is 

appropriate for the road (Edquist et al., 2009). Since the speed 

choice of the driver is to either speed up or speed down, this can 

affect traffic flow condition and crash rates. Therefore, there is a 

need for this chapter to discuss the results of a study carried out, to 

evaluate the effect of posted speed limit on speed choice. 

 

 

4.2 LITERATURE REVIEW 

 

4.2.1 Relationship between Speed and Safety 

 

In a fast paced economy especially in a developing country such as 

Malaysia, vehicular travelling speed can bring a positive impact in 

reducing the travelling time. However, there are also the 

downsides of travelling at high speeds for vehicles, as there is a 

tendency to risk the safety of road users. Based on the World 

report on traffic injury prevention it is identified that speeding is 

one of the key factors in road traffic injuries and plays a major role 

in influencing road crash risk and also the injury condition as the 

result of the accident (World Health Organisation (WHO), 2004). 

The WHO also states that inappropriately driving beyond the 
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posted speed limit with respect to the road and traffic conditions 

may cause and is responsible for the injuries and death resulting 

from road crashes. 

 A study on posted speed limit and traffic fatalities in 

Washington found that the analysis of the impact of the increased 

speed limit to ensure highway safety have come out with 

conflicting results (Ossiander and Cumming, 2002). In 1987, the 

Washington state decides to increase the speed limit of rural 

highways. Accident rates and fatalities due to it have doubled. It is 

necessary that road user attitude is taken into consideration for 

road safety improvement (Assum, 1997). 

 Since the relationship between road user’s attitude and 

accident risk is not well known, the study was performed to find 

out if driver’s attitude is important to road safety with the 

assumption that road users who comply to the traffic rules 

contributes to a lower accident risk. The attitudes of a sample of 

licensed drivers were obtained through a set of questionnaire. It is 

found that the drivers ‘background such as age, and annual driving 

mileage posed as an accident risk as compared to attitude. The 

relationship between attitude and accident risk runs deeper, which 

is more complex and is more related to the demographic. 

 Besides that, a study related to driver’s attitude was 

conducted in order to get a better insight on the Australian’s 

community attitude towards the current posted speed limit and 

proposed speed limit (Lahausse et al., 2010). An online survey was 

conducted with its questions mainly focusing on attitudes towards 

speed limits for four different road types, with the samples 

stratified into demographics according to age, gender, and area of 

residence-urban or rural areas. Results showed that most of the 

respondents were able to identify the posted speed limit posted in 

their neighbourhood, especially roads in urban areas. But 

knowledge on posted speed limit in rural areas was low. 

 Another study of traffic characteristics highlighted that 

safety, time, comfort, convenience and economics were important 

transportation considerations since all these are related with speed 

(Roshandeh et al., 2009). To determine the traffic characteristics, a 
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spot speed study was performed to determine the speed distribution 

of road section at a specific location. In this study, its intention is 

to investigate whether it is important to have improvement projects 

to predict traffic growth patterns as traffic volume increases, and 

public financial resource decreases,. 

 A case study for two-lane rural highway was conducted to 

develop the 85th percentile operating speed models at mid-curve 

(Syed Khairi et al., 2011). The speed data measurement is based 

on spot speed data at several points on the highway. By developing 

85th percentile operating speed prediction model using multiple 

linear regression analysis, it could be integrated into the current 

guideline and standard practice in Malaysia, especially for 

horizontal alignment for two-lane rural highway in Malaysia. 

 

4.2.2 Determination of Speed Limit 

 

The proposed posted speed limit must be suitable with the 

situation and condition of the road. Excessive posted speed limit 

happens only when the majority of the driver complies with the 

speed limit, and this could be achieved when the posted speed 

limit is reasonable (MUTDC, 2009). The maximum and minimum 

speed limit of a particular road section is designed by traffic 

engineers based on evaluations done during the construction of the 

road or readily available road sections. Some of the criteria that is 

evaluated to determine speed limit consists of speed at the 15th and 

85th percentiles, geometry design of the road (sidewalk, visibility, 

type of road, etc), function of road segment, effect of the driveway 

and conditions of the surrounding area of the road, and past 

accident records (Rose, 2003). 

 

4.1.3 Drivers Behaviour and Perception towards Speed Limit 
 

In a traffic system, the three main components are the driver, the 

vehicle and the road. The driver is the most flexible component but 

tends to be the most unstable component as well. The driver’s 

behaviour is linked directly with the vehicles speed and safety. 
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Speeding, among other things, has been identified for decades as a 

significant and highly complex safety issue. A study conducted by 

the Federal Highway Administration (FHWA) found that 7 out of 

10 drivers were guilty of speeding in urban areas, compliance 

towards the posted speed limit was also low especially when the 

posted speed limit is low (Graham, 1996). 

 An investigation was carried out to find the factors that 

affect the predisposition that enables and reinforces drivers 

speeding behaviour (Gabany et al., 1997). The perceptual 

inventory was developed that covered drivers from a college by 

giving out questionnaires. Since the questions asked were to be 

answered by the drivers themselves, results obtained shows drivers 

were aware of the speeding issue. The study also found that the 

perception and attitude of the road users towards speeding can be 

summarized into five main factors, which are ego, the tendency to 

take risk, time pressure, reckless driving, and the need for 

attention. They also found out that gender and the socioeconomic 

background of road users can be the mechanism that triggers those 

factors. This is closely related to the results of the study, which 

showed that 8% of male drivers were more prone to speeding. 

 While, the tendency for a driver to drive exceeding the 

speed limit is closely related to the behavioural control and the 

way the driver controls the speed (Warner and Aberg, 2006). The 

results from the study conducted on 112 drivers, used a structured 

equation model to obtain the effect of one of the factors of 

increased speed; the behaviour and the habits of the driver were the 

main reasons on why drivers tend to exceed the speed limit. 

 This is further proved by a research (Letirand and 

Dolhomme, 2005). From the observation, the choice made by the 

driver to exceed the posted speed limit can be predicted with 

reasonable accuracy by just taking into account the habit and 

attitude of the driver. The driver’s ignorance of the posted speed 

limit is directly correlated to the attitude problem of the driver 

from the engineering design of the road to the design principle; 

posted speed limit could be done through taking in several factors 

such as visibility, stopping distance and other counter measures 
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(Mannering et al., 2009). If all the posted speed limit is designed 

based on these safety design principals, a good perception from the 

road users towards the posted speed limit could be achieved. It 

needs to be pointed out that the attitude and the discipline of the 

road user need to be addressed as the rate of accidents that occurs 

are closely related with the factors. 

 

 

4.3 MATERIALS AND METHOD 

 

4.3.1 Selection of Study Location 

 

The selection of study location is important to gather sufficient 

data that would lead to a conclusion regarding the selection of 

speed at different posted speed limit. Site selection criteria of this 

study are based on the following criteria: 

 

(1) The road section must be straight to avoid factors affecting 

the speed of the vehicle  

(2) There are no obstacles blocking the observation 

instruments.  

(3) The current stretch of road is not under some kind of repair 

works or under construction works as this may affect the 

driver’s movement and affect the free flowing speed of the 

vehicle.  

(4) The road condition is well maintained and does not have 

any sort of defect, which may affect incoming road vehicle 

speed such as pot holes or deformations.  

(5) The selected roads must have different posted speed limits, 

as the aim of this study is to determine the degree of the 

compliance of the driver to the posted speed limit.  

(6) There are no major junctions within the selected road 

stretch.  

(7) Visible posted speed limit signage for the road users to see.  

 

 



                   Effect of Posted Speed Limit on Drivers Speed Choice                    59 

 

 

Based on the above criteria, three sites were selected as 

shown in Table 4.1. Each site has a different posted speed limit 

which is 60km/h located at Jalan Harmoni, 70 km/h at Lebuhraya 

Skudai-Pontian and 80 km/h at Lebuhraya Senai. 

 
Table 4.1   Selected study sites 

Site No. 

 

Name of Road 

 

Posted 

Speed Limit 

(km/h) 

Number of 

Lane per 

Direction 

1 Jalan Harmoni 60 1 

2 Lebuhraya Skudai- Pontian 70 2 

3 Lebuhraya Senai 80 3 

 

4.3.2 Data Collection Method and Equipment 

 

There are several ways to gather spot speed data at each site such 

as stopwatch method, radar meter method, and pneumatic road 

tube method. In this study, a radar meter method was chosen since 

it is a common method used for directly measuring speeds in spot 

speed studies. Therefore, three types of equipment which are speed 

radar gun, digital camera and observation data sheet were used in 

the data collection process as shown in Figures 4.1 to 4.3. 

 

  
  

Figure 4.1   Speed radar gun Figure 4.2   Digital camera 
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Figure 4.3   Observation data sheet 

 

 The layout of radar meter spot speed study is illustrated in 

Figure 4.4. This study was conducted by two observers; of which 

one observer captured the spot speed, while the other noted down 

the observed spot speed to be marked in the data sheet. Detailed 

steps to conduct radar meter spot speed study were as follows: (i) 

select proper location and placement of radar meter (ii) determine 

an appropriate selection strategy to observe spot speed and (iii) 

record observations on the prepared observation data sheet. 

 

 
 

Figure 4.4   Positioning of observer 
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4.3.3 Data Collection Time 
 

It is known that selection of time to conduct the study depends on 

the purpose of the study. In this study, data were collected during 

weekdays, in the morning for two weeks in order to ensure that the 

minimum sample size is achieved. The preliminary study that was 

conducted during the first week and the second week was for real 

data collection in the spot speed study. Specifically, observation 

was conducted during off peak hours from 9.00 am to 11.00 am in 

order to obtain spot speed data in free-flowing condition. 

However, there are some criteria that need to be avoided during 

the data collection process such as inclement weather and unusual 

traffic conditions, as these situations will affect the driver’s choice 

of speed and driving behaviour. 

 

4.3.4 Minimum Sample Size 
 

The minimum number of sample size derived for this study was 

385 vehicles. This sample size was calculated by using an accuracy 

level of ±5 per cent based on the Equation 4.1 (Cochran, 1963). 

The equation used for the sample size formulation is as follows: 

 

𝑛𝑜 =
𝐳2𝑝𝑞

𝑒2
                                          (4.1) 

 

where, 𝑛𝑜 is the sample size, z2 is the abscissa of the normal curve 

that cuts off an area α at the tails (1-α equals the desired 

confidence level, e.g., 95%), 𝑝 is estimated ratio and 𝑞 is 1-𝑝 and 𝑒 is 

precision level. 

 

 

4.4 RESULT AND DISCUSSION 

 

4.4.1 Sample Size and Traffic Composition 
 

For spot speed studies conducted at three selected locations, 1674 
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data were obtained for the purpose of analysis. Table 4.2 shows 

sample size and traffic composition at each site during morning 

off-peak hours. Even though the number of sample size was 

different for each site, it fulfils the requirement for the minimum 

sample size needed for this study which was 385 vehicles. It can 

also be seen from this table that the composition of the vehicle was 

classified into 3 categories including light, medium and heavy 

vehicles. 

 
Table 4.2   Sample size and traffic composition 

Site 

No. 

Posted Speed 

Limit (km/h) 

Sample 

Size 

Vehicle Composition 

Light Medium Heavy 

1 60 426 375 43 8 

2 70 390 301 52 27 

3 80 858 777 21 60 

 

4.3.2 Vehicle Speed Distribution 

 

As shown in Figure 4.5 (a), the lowest speed range that vehicles 

travel at selected road section is between 26 km/h and 30 km/h. As 

the range of speed class increases, the frequency of vehicle also 

increases. The highest percentage of vehicle found during the 

speed range of 51-55 km/h, which contribute for about 21.1%, 

followed by the speed range of 55-60 km/h at 20.9%. Surprisingly, 

both ranges represent the speed of vehicles below the posted speed 

limit. However, a number of vehicles were seen to drop sharply as 

the speed range increases above the posted speed limit. In general, 

it can be described that the frequency distribution graph does not 

resembles the shape of a normal distribution, but represents the 

distribution that is negatively-skewed or skewed to the left. 

 Figure 4.5 (b) shows vehicle speed distribution at Site 2. As 

can be seen from this figure, vehicles at the 70 km/h speed limit 

zone moved almost consistently from the range of 41-45 km/h to 

the range 76-80 km/h with the percentage of vehicles in each speed 

interval plateauing at almost the same frequency. The highest 

percentage of vehicles travelling was at the speed interval of 61-65 

km/h with 20.8% of vehicles, whereas the lowest percentage of 
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vehicle travelling in both speed intervals were 36-40 km/h and 81-

85 km/h at 2.6% and 2.1% respectively. 

 As can be seen from Figure 4.5 (c), the observation for the 

spot speed distribution at Site 3 clearly shows a normal distribution 

with the highest frequency of vehicle speed was at interval of 66-

70 km/h, which contributed for about 19.9 %. From the figure, it 

could be noted that, as the speed interval started to increase 

towards the frequency, the vehicle speed also increased until it 

reached the range of 66-70 km/h. Then, the frequency of speed 

decreases after 70 km/h until the range of 111-115 km/h. 

 

 
 

(a) Site 1 (Posted speed limit: 60 km/h) 

 

Figure 4.5   Vehicle speed distribution at three sites 
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(b) Site 2 (Posted speed limit: 70 km/h) 

 

 
 

(c) Site 3 (Posted speed limit: 80 km/h) 

 
Figure 4.5   Vehicle speed distribution at three sites (cont.) 



                   Effect of Posted Speed Limit on Drivers Speed Choice                    65 

 

 

  Figure 4.6 shows cumulative speed distribution at each site. 

Based on this figure, the results for 15th and 85th percentile speeds 

are presented in Table 4.3 as shown below. Results indicated that 

at both 15th and 85thpercentile, speed increased with the increase of 

posted speed limit since drivers altered their speed to conform to 

speed limits by increasing vehicle speed. For Site 1, it was found 

that the posted speed limit was equal with 85th percentile speed. 

While for sites 2 and 3, the 85th percentile speeds slightly increased 

from the posted speed limit, which was around 2 km/h. Therefore, 

it can be deduced that almost 85% of drivers were travelling at, or 

below the posted speed limit at each selected site. 

 
Table 4.3   15th and 85th percentile speed at various site and posted speed 

limit 
Site 

No. 

Speed Limit 

(km/h) 

15th Percentile 

(km/h) 

85th Percentile 

(km/h) 

1 60 41.4 60.0 

2 70 44.5 72.0 

3 80 59.0 82.3 

 

 
 

Figure 4.6   Cumulative speed distributions at three sites 
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4.4.3 Drivers Level of Compliance 

 

Drivers are considered not complying with the speed limit when 

they drive above the posted speed limit. Figure 4.7 shows the 

overall level of compliance of the drivers towards the posted limit 

at all sites. From the analysis, results showed that changes in 

posted speed limits led to changes in driver’s compliance, 

particularly the driver’s speed compliance decreases with the 

increase of posted speed limit. Therefore, it can be reported that 

13.38% of vehicles travelling at site 1 exceeds the posted speed 

limit. In the other hand, 17.69% and 20.78% of drivers did not 

comply with the posted speed limits at Sites 2 and 3 respectively. 

 

 
 

Figure 4.7   Drivers level of compliance towards posted speed limit 
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4.5 CONCLUSION 

 

The effect of posted speed limit on speed choice during off peak 

hours has been investigated in this study. Among the factors that 

affected drivers speed choice and compliance towards posted 

speed limit were attitude, behaviour, style of driving, type of 

vehicle driven and the type of traffic flow. Therefore, the results of 

this study can be summarized that the speed distributions of 

vehicles at various posted speed limit were different for all the 

sites. However, 15th and 85th percentile speeds increased in 

accordance with the increment of posted speed limit, and almost 

85% of drivers are travelling at or below the posted speed limit at 

each selected site. As the posted speed limit increased, the 

compliance towards posted speed limit decreased. Therefore, it can 

be concluded that the driver’s speed choice during off-peak hours 

are influenced by posted speed limit even though they have their 

own style and attitude towards speed choice. 

 

 

ACKNOWLEDGEMENT 

 

The authors would like to acknowledge the support from the 

Universiti Teknologi Malaysia (UTM) as well as Ministry of 

Higher Education Malaysia (MOHE) for funding this study under 

the research grant of FRGS (R.J130000.7822.4F867).  

 

 

REFERENCES 

 

Assum, T. 1997. “Attitudes And Road Accident Risk”. Accident 

Analysis and Prevention, 29(2): 153-159. 

Cochran, W. G. 1963. Sampling Techniques (2nd ed). New York: 

John Wiley and Sons, Inc. 

 

 

 



68                          Traffic Engineering and Safety: Case Study                                     

 

 

Edquist, R., Rudin-Brown, C. and Lenne, M. 2009. Road Design 

Factors and their Interactions with Speed and Speed Limits. 

Report 298. Victoria: Monash University Accident Research 

Centre. 

Gabany S, Plummer P, and Grigg P. 1997. “Why Drivers Speed: 

The Speeding Perception Inventory”. Journal of Safety 

Research, 28(1): 29-36 

Graham, S. 1996. “Will Higher Speed Limits Kill?” Traffic Safety, 

96(3): 6–10. 

Lahausse, J. A., van Nes, N., Fildes, B. N. and Keall, M. D. 2010. 

“Attitudes Towards Current And Lowered Speed Limits In 

Australia,” Accident Analysis and Prevention, 42: 2108-

2116. 

Letirand, F. and Delhomme, P. 2005. “Speed Behaviour As A 

Choice Between Observing And Exceeding The Speed 

Limit”. Transportation Research Part F: Traffic Psychology 

and Behaviour, 8: 481-492. 

Mannering, F. L., Washburn, S. S. and Kilareski, W. P. 2009. 

Principles of Highway Engineering and Traffic Analysis 

(4th ed). 

Manual on Uniform Traffic Control Devices (MUTCD). 2009. 

Department of Transportation. 

Ossiander, E. M. and Cummings, P. 2002. “Freeway Speed Limits 

And Traffic Fatalities In Washington State.” Accident 

Analysis and Prevention, 34: 13-18. 

Roshandeh, A. M., Nesheli, M. M. and Che Puan, O. 2009. 

“Evaluation Of Traffic Characteristics: A Case Study”. 

International Journal of Recent Trends in Engineering, 1: 6. 

Syed Khairi S. A., Muhammad Akram, A. and Intan Rohani, E. 

2011. “Exploration of  85th Percentile Operating Speed 

Model on Horizontal Curve: A Case Study for Two-Lane  

Rural Highways.” In Proceedings of 6th International 

Symposium on Highway Capacity and Quality of Service 

(ISHC), 2011 Congress Sweden AB, The Royal Institute of 

Technology, KTH, Transportation Research Board, 

Committee AHB40, 28 June-1 July. 

http://prisma.uitm.edu.my/PRISMa09/electronicDirectory_PublicationDetail.php?publicationRecId=38274
http://prisma.uitm.edu.my/PRISMa09/electronicDirectory_PublicationDetail.php?publicationRecId=38274
http://prisma.uitm.edu.my/PRISMa09/electronicDirectory_PublicationDetail.php?publicationRecId=38274
http://prisma.uitm.edu.my/PRISMa09/electronicDirectory_PublicationDetail.php?publicationRecId=38274
http://prisma.uitm.edu.my/PRISMa09/electronicDirectory_PublicationDetail.php?publicationRecId=38274


                   Effect of Posted Speed Limit on Drivers Speed Choice                    69 

 

 

Rose, V. 2003. Speed Limits. Volume No 2003-R-0673. Old 

Research Report. 

Warner, H. W. and Aberg, L. 2006. “Drivers’ Decision To Speed: 

A Study Inspired By The Theory Of Planned”. 

Transportation Research Part F-Traffic Psychology and 

Behaviour, 9: 427-433. 

World Health Organisation (WHO). 2004. “Road Safety: Speed”. 

Retrieved from  http://www.who.int/violence_injury_ 

 prevention/en/ (accessed on 28th November 2015). 

 

http://www.who.int/violence_injury_prevention/en/




5 
Fire Events At Underground Train 

Stations 
 

Nur Sabahiah Abdul Sukor, Sitti Asmah Hassan,  

Munzilah Md Rohani, and Noor Aqilah Ahmad Tajedi 

 

 

 

5.1 INTRODUCTION 

 

In order to overcome the land use problem regarding above ground 

transit network systems, an underground train system has been 

approved as a solution for highly developed cities such as Kuala 

Lumpur. Currently, Kuala Lumpur has five underground train 

stations, namely Masjid Jamek, Dang Wangi, Kg. Baru, KLCC and 

Ampang Park Station. The number of underground train stations will 

increase following the construction of the MRT lines. The list of 

current underground train stations in Malaysia can be seen in Table 

1.1. This development has taken place in order to fulfil the 

demands of the public transportation users (Tajedi et al., 2015). 

However, there are few issues that still need to be considered, 

especially regarding safety during emergency evacuations, such as 

a fire event. The lack of safety management during an emergency 

evacuation can cause a catastrophe. In spite of the fact that there 

are numerous similarities when comparing evacuations in 

underground structures with those in traditional buildings, there are 

numerous additional distinctions that should be considered in terms 

of configuration and operational outages in underground train 

stations. For example, the evacuation process from underground 

structures to a protected area is prone to be longer, the danger from 

flames is likely to be greater and the emergency rescue services’ 

abilities to assist in an emergency are smaller (Fridolf, 2010).  
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Table 5.1   List of operational and under-construction underground train 

stations in Malaysia in October 2016 
Underground 

station 

Line Entities involved Underground 

stretch 

Status 

Masjid Jamek Kelana 

Jaya Line 
1994 – 2002:  

Projek 

Usahasama 

Transit Ringan 

Automatik Sdn. 

Bhd. (PUTRA) 

2002 - present:  

National 

Infrastructure 

Company 

Limited 

(Prasarana)  

4.4km Operational 

Dang Wangi 

Kg Baru 

KLCC 

Ampang Park 

KL Sentral Sungai 

Buloh – 

Kajang 

Line 

 

2011 to present: 

Mass Rapid 

Transit 

Corporation Sdn. 

Bhd. (MRT Corp)  

9.5km Under 

Constructio

n 

51km 

 

Pasar Seni 

Merdeka 

Bukit Bintang 

Pasar Rakyat 

Cochrane 

Maluri 

Sentul West Sungai 

Buloh – 

Serdang – 

Putrajaya 

Line 

2016 : 

Mass Rapid 

Transit 

Corporation Sdn. 

Bhd. (MRT Corp) 

13.5km Under 

Constructio

n 

52.2km 

 

Titiwangsa 

Hospital Kuala 

Lumpur 

Kampung Baru 

North 

Ampang Park 

KLCC East 

Conlay 

Tun Razak 

Exchange 

Chan Sow Lin 

Bandar 

Malaysia South 

Bandar 

Malaysia North 
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In addition, the Malaysian Government still refers to the 

specifications and manuals of emergency evacuation from other 

countries, such as National Fire Protection Association (NFPA) 

130, when constructing these underground spaces. Even though 

this code has been used as a guideline for designing underground 

facilities (which are primarily used in developed countries),  Chien 

et al. (2004) reported that NFPA 130 considers the emergency 

evacuation time only at the start of an emergency without 

considering the pedestrians who are unfamiliar with the 

environment. Therefore, there is a need to analyse and simulate 

several parameters, including evacuation time and design factors, 

and to refer to Malaysia’s environment and compare this with 

several worldwide specifications and manuals for emergency 

evacuation.  

Furthermore, to date rail operators in Malaysia do not have 

their own standards for emergency response plans (ERP). 

Furthermore, the calibration with the ERP needs to be updated as 

the last calibration was performed years ago. The objective of this 

article is to highlight several tragedies that involved underground 

train stations across the world and the factors that affected the 

success or failure of the emergency evacuations. These incidents 

emphasize the important elements that should be the focus for 

future safety management in underground train stations in 

Malaysia, including strengthening the ERP procedure. 

 

 

5.2 CASES OF FIRE EVENTS AT UNDERGROUND 

TRAIN STATIONS 

 
Table 5.2   A summary of fire accidents at underground train stations 

Location of fire 

event  

 

Year 

of 

event 

Cause of 

fire 

Cause of catastrophe Fatalities 

King’s Cross 

Station at the 

London 

Underground, 

 1984 A burning 

match in 

one of four 

escalators 

Late action by the 

officer due to a lack of 

safety training (Fennel, 

1988) 

31 
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England  

Zurich Metro, 

Hirschengraben 

tunnel  

1991 A criminal 

set fire to 

the end of 

the train 

No disaster happened, 

but there was 

insufficient lighting in 

the tunnel, thus the 

evacuees didn’t notice 

the handrail.(Fermaud 

et al., 1995; Carvel and 

Marlair, 2005) 

0 

Baku  1995 An 

electrical 

failure 

A too crowded 

situation with heavy 

smoke; many 

passengers couldn’t 

exit the train and there 

was no 

information/guide from 

staff. ( Rohlen and 

Wahlström, 1995; 

Carvel and Marlair, 

2005) 

289 

Kaprun, Austria  2000 Mechanica

l failure 

from hot 

air 

ventilator 

Communication 

systems failure 

between the passengers 

and the train drivers 

and a lack of 

emergency signage in 

the tunnel. Besides, the 

train and tunnel were 

not designed to be 

fireproof 

(Bergqvist,2000; 

Larsson, 2004) 

155 

Jungangno 

Station at Daegu 

Metropolitan 

Subway 

2003 A mentally 

ill patient 

set fire to 

the coach  

Emergency and fire 

control systems did not 

work properly. 

(Tsujimono, 2003) 

189 

Rinkeby 2005 An 

electrical 

failure  

No disaster happened, 

but there was no 

automatic alarm or 

sprinklers. and no 

guide/ instruction from 

the train driver and 

operator (Fridolf,2010) 

0 
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5.2.1 King’s Cross Station 

 

The King’s Cross fire catastrophe is a well-known case of a fire 

incident at an underground train station that caused many injuries 

and fatalities. It has become a reference for a number of studies 

and designs relating to fire safety and management at train stations. 

The tragedy happened on 18 November 1987 and the fire was 

started by a lit match under the wooden escalator, killing 31 people 

and causing massive damage in the concourse area (Rose, 2013). 

The tragedy highlights the importance of the emergency 

management and risk communication practiced by train staffs. The 

late response and the communication failure of the on-duty staff in 

giving safety instruction to the passengers inside the train station 

were reported as the main factors in the deaths. The late evacuation 

caused the victims to be killed by the flames and toxic smoke. This 

case clearly highlights that there is a necessity for adequate 

training for staffs and a clear evacuation plan during the 

emergencies. 

 

5.2.2 Zurich Metro 

 

Regarding the case of the Zurich Metro in 1991, the fire was 

started by a criminal in the last coach of the train. The train, which 

was traveling from Zurich station, was stopped in Hirschengraben 

tunnel by an emergency break that was pulled by a passenger after 

the passengers failed to inform the train driver about the flames. 

After the evacuation started from the train, another train from the 

opposite direction (Stadelhofen station) arrived and stopped at the 

warning signal. The distance between both trains during the event 

is illustrated in Figure 1.1. Evacuation instructions were also given 

to passengers on both trains. This shows that adequate safety 

management and training, together with effective emergency 

response by the passengers, led to there being no injuries or 

fatalities.  
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Figure 5.1   The location of trains during the emergency situation in the 

Hirschengraben tunnel (Fermaud et al., 1995) 

 

5.2.3 Baku Metro 

 

Baku Metro Line, a rapid rail transit system that can be categorized 

as a unique and historic train system in Azerbaijan, was built in 

1967. During a fire event on 28 October 1995, the train cars for 

this metro line were still made of flammable materials. The fire 

was started by the spark from the electrical wiring under a train 

coach. It caused 300 people to be killed in the poisonous smoke in 

the coaches after the power outage caused the train doors to be 

unable to open (Reeves, 1995). Meanwhile, the passengers that 

could evacuate the train had to struggle with significantly less 

lighting in the tunnel (caused by the fumes) and were hindered by a 

trench along the evacuation path (Fridolf, 2010). In the emergency 

situation, these obstacles caused the evacuation to be delayed and 

increased the potential for breathing difficulties due to the heavy 

smoke. The tragedy killed 300 people, mostly due to smoke 

inhalation, and another 260 were injured (Unknown, 1995).  

 

5.2.4 Daegu Station 

 

Daegu Jungangno Station is located under an underground 

shopping mall (Basement 1) and offices (Basement 2), as shown in 
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Figure 5.2. The catastrophic fire at this station occurred on 18 

February 2003 and was started by a mentally ill 56-year old man in 

a train coach that had stopped at the station (Brooke, 2003). The 

situation was worsened when the fire from the coach spread to 

another train that had entered the station from the opposite 

direction. A total of 12 train coaches were burnt during the event. 

192 victims were reported dead in this tragedy (Tsujimono, 2003). 

The scarcity of safety and emergency management and the usage 

of flammable materials in the train were among the factors that 

aggravated the fire event. 

 

 

Figure 5.2   Diagram of Daegu Jungangno station during the fire event 

(Tsujimono, 2003) 
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5.2.5 Rinkeby Station 

 

Rinkeby station is located on the blue line in the Stockholm Metro, 

Sweden. The fire event of 16 May 2005 was caused by an 

electrical fault that happened during the morning peak hour. Even 

though no fatalities were reported, 11 individuals were taken to 

hospital for injuries and smoke inhalation. During the event, the 

fire detectors, including the fire alarm and sprinklers, did not 

function. However, the passengers were evacuated without any 

major obstacles due to good visibility in the tunnel (Fridolf, 2010). 

Figure 5.3 shows where the fire started (coach near exit V7) in the 

underground train station. 
 

 
Figure 5.3   Sketch platform at Rinkeby Station (upgraded from Statens 

Haverikommssion, 2009)  

 

 

5.3 FIRE RELATED TRAIN EVENTS IN MALAYSIA 

 

Although there has never been a fire incident at an underground 

train station in Malaysia, incidents involving fire have nonetheless 

happened and require attention from the rail operator in terms of 

risk and safety management. This section will summarize the 

incidents related to flames at railway tracks in Malaysia. Table 1.3 

shows the chronology of fire events involving several types of 

trains and operating companies from 2015 to 2016. It was found 
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that the main causes of the fire were technical faults related to 

either the engine or the brake. The monorail and LRT are types of 

rapid trains that have a high frequency and capacity. Table 5.3 also 

shows that the possibility of technical problems for these types of 

trains is more likely to occur during peak hours. Meanwhile, the 

locomotive trains that are operated by KTMB have a lower 

frequency but are still an option for passengers who want to travel 

long distances by train. In order to handle fire emergencies in 

relation to locomotive trains, appropriate maintenance and safety 

management is necessary as the train usually carries a high number 

of passengers during day time peak hours and at night time after 

the office hours.  

Table 5.3   A summary of fire accidents related to trains 
Date and 

time of 

event 

Location of 

Fire Event 

Type of 

train 

service 

Cause of fire Fatalities 

30 March 

2015 

(8.50 am) 

Titiwangsa 

Station 

(elevated track) 

Monorail 

A rubber tyre of a 

four-car train 

caught fire (Mei 

Lin, 2015) 

No fatalities 

22 July 

2015 

(8.30 am) 

Setiawangsa  

Station 

(elevated track) 

LRT Train Brake failure 

(Unknown,2015a) 

No injuries 

reported 

22 July 

2015 

(12.20 

pm) 

Universiti 

Station 

(elevated track) 

LRT Train Brake failure 

(Unknown, 

2015b) 

No injuries 

reported 

9 February 

2016 

(2.35 pm) 

Sg. Gadut  

(elevated track) 

KTMB 

Locomotive 

train 

Engine failure 

(Unknown, 2015c) 

Train driver 

injured 

11 

February 

2016 

(8.43 pm) 

Kuala Tanjung 

(ground track) 

KTMB 

Locomotive 

train 

Engine failure 

(Hamzah, 2016) 

No injuries 

reported 

12 

February 

2016 

(8.44 pm) 

Pondok Tanjung 

(ground track) 

KTMB 

Locomotive 

train 

Engine failure 

(Mohd Amin, 

2016) 

A pregnant 

passenger had 

complications 

and was 

hospitalized.  
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5.4 CONCLUSION 

 

This chapter aims to acknowledge and emphasize the importance 

of strategic planning and preparation in managing any emergency 

involving train services in Malaysia as there have been several 

cases of fire catastrophe at train stations across the world. This is 

because the train system is expected to become a future alternative 

method of transportation in Malaysia, including the underground 

train network. The necessity of building the underground train 

network is very high in order to accommodate the mobility of the 

increasing population in the city centre. Therefore, any emergency 

involving fire or other disasters requires an appropriate and 

efficient rescue plan to prevent the occurrence of casualties. This 

should include a strategic rescue operation that is quick and 

accurate, an infrastructure design for underground infrastructures 

that is resilient in a disaster, and an effective risk communication 

strategy between the train operators and the passengers. The fire 

events in underground train stations that have been summarized in 

this article have indicated that if the initial emergency response is 

efficient and fast, then the lives of the passengers can be saved and 

unwanted disasters can be avoided. 
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