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ABSTRACT

The idea of a Midblock U-turn Opening installation is to eliminate direct right
turns. Midblock U-turning facilities are median openings on multi-lane highways. U-
turning facilities aimed at easing traffic conflicts and pressures at highway intersections.
This study is to identify the influence of midblock U-turn facilities towards traffic
parameters of speed, flow and density relationship and to determine the safe merging gap
for the midblock U-turn facilities. This study is referring to unsignalized junction, that is
the midblock U-turn facilities located at Jalan Tanah Putih, heading to Kuantan, Pahang.
The traffic characteristics of this study is to define the speed, flow and density when the
vehicle at free flow speed and when reaching the conflict point near the midblock U-turn
facilities. Raff’s Method is the method used to analysed the critical gap for the passenger
car that want to make a U-turn. By using Raff Method, the gap acceptance and gap
rejected will be observe and from these data, it can produce a linear graph which can
determined the critical gap. The result obtained showed the traffic characteristics
relationship which is speed, flow and density that the data relationship was similar to
Greenshield Model and critical gap of the U-turn was 5.0 second. The critical gap was
comply with the standard of Malaysia Public Work Department and Transportation
Research Board. The result show from the speed, flow and density relationship, the road
was in a good condition and the drivers behavior that desire to merge into major road
from the U-turn.



ABSTRAK

Idea pemasangan persimpangan pusingan U adalah untuk menghapuskan pergerakan ke
arah kanan yang tidak terurut. Kemudahan persimpangan pusingan U adalah memberi
ruang bukaan di jalan raya yang mempunyai berbilang lorong bagi menukar arah laluan
dan bertujuan untuk mengurangkan konflik lalu lintas di persimpangan jalan raya. Kajian
ini adalah untuk mengenal pasti pengaruh persimpangan U terhadap parameter lalu lintas
berhubung dengan kelajuan, aliran dan ketumpatan dan untuk menentukan jurang
penggabungan yang selamat di fasiliti persimpangan U. Kajian ini merujuk kepada
persimpangan U yang terletak di Jalan Tanah Putih, menuju ke Kuantan, Pahang. Ciri-
ciri lalu lintas kajian ini adalah untuk menentukan kelajuan, aliran dan kepadatan ketika
kenderaan pada kecepatan aliran bebas dan ketika mencapai titik konflik berdekatan
fasiliti persimpangan U. Kaedah Raff adalah kaedah yang digunakan untuk menganalisis
jurang kritikal bagi pemamdu kereta yang ingin membuat pusingan U. Dengan
menggunakan kaedah Raff, jurang yang diterima dan jurang yang ditolak akan
diperhatikan dan dari data ini, ia boleh menghasilkan graf yang boleh menentukan jurang
kritikal. Hasil yang diperoleh menunjukkan hubungan ciri-ciri lalu lintas yang merupakan
kelajuan, aliran dan ketumpatan bahawa hubungan data tersebut serupa dengan model
Greenshield dan jurang kritikal bagi pusingan U tersebut ialah 5.0 saat. Jurang kritikal
adalah mematuhi piawaian Jabatan Kerja Raya Malaysia dan Lembaga Penyelidikan
Pengangkutan Awam. Hasil kajian menunjukkan bahawa hubungan kelajuan, aliran dan
ketumpatan jalan berada dalam keadaan yang baik dan tingkah laku pemandu yang ingin
bergabung ke jalan utama dari giliran U.
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CHAPTER 1

INTRODUCTION

1.0  Background

Heavy traffic volumes at signalizad at-grade intersections on urban and
suburban multilane divided highways may cause the traffic signal control system installed
failed to function efficiently which in turn may lead to congestions and excessive traffic
delays. According to Liu Pan (2008), the idea of a U-turn facility installation is to
eliminate direct right turns. There are many problems are appeared at the intersection
such as congestion, queues, delay and also accident. Brilon (1999) said that the evaluation
of capacity at unsignalized intersection is practically measured using the gap acceptance
approach and used for unsignalized intersection procedure. In this study, the gap
acceptance approach was used for unsignalized intersection procedure. The critical gap
is @ major parameters need to be considered to analysis the unsignalized intersection. In
Malaysia, the critical gap for an unsignalized intersection is proposed by Highway
Capacity Manual (2011). Therefore, the critical gap is difference between each
intersection based on the geometry of the road, numbers of lane, and surrounding area
located near the intersection. According to Ban (2009) the efficiency of the performance
at unsignalized intersection is become worst if the problem such as delay, queue is always
occurred. Therefore, this research should be evaluated by taking the data traffic volume
and relate with time which is during peak hour. In addition, this research also important

to assess the road situation which shows the maximum level of usage.

1.2 Problem Statement

The idea of a Midblock U-turn Opening installation is to eliminate direct right
turns. Traffic operation at a midblock U-turn opening is illustrated in Figure 1.1.

Considering a U-turning vehicle A in figure 1, arrived at the U-turn opening from major

1



road of opposite direction, will enter the accerleration lane and reach merging arrival
point. At this point, the vehicle will move slowly while searching for suitable gaps until
it departs at the merging departure point. The departure point varies for each vehicle.
During the merging activities, vehicle in acceleration lane will have conflict points with
the vehicles from near-side and far-side of major road. A particular concern about a
midblock U-turn is that it may result in safety and operational problems. A precise
analysis or design of U-turn is a very important task because undesirable incident at any
U-turn opening can affect the operational of traffic on the entire highway. This study is
to analyse the result carried out to evaluate speed, flow and density relationship, driver
critical gap for merging maneuvers at midblock U-turn opening. To date, limited reported
studies that address such a facility were only focused on the merging gap acceptance

behaviour.

Major Road —y

| Near-side | —
| Accelerafion Lane |
[
Figure 1.1:  Illustration of merging at midblock U-turn opening

1.3 Research Objective

The aim and objective of this case study is to analyse the effectiveness of
Midblock U-turn Opening movement along Jalan Tanah Putih. To achieve the aim of this

study, the following objectives have been set as:

i. to identify the influence of midblock U-turn facilities towards traffic
parameters of speed, flow and density relationship
ii.  to determine the safe merging gap for the midblock U-turn facilities
2



1.4 Scope of work

The scope of this research is to focus on the effectiveness of speed, flow and
density relationship, and critical gap for U-turn movement at Jalan Tanah Putih. The
authorities involved in this study are Public Work Department (JKR).

This study focuses on the free flow speed of vehicle that desire to travel on the
major stream and wants to do U-turning at the midblock U-turn opening and to analyse
the critical gap at U-turn area to merge major stream. The time to collect data is on
weekdays during peak hours from 7.00am until 11.00am. The data will collected three

days in a week (tuesday, wednesday and thursday).



1.5  Research Methodology

To make this study work, several research methodologies were used. There is
initial discussion, proposal, literatures review, collecting data, analysis data and
conclusion. The figure below showed the flow chart of research methodology in this

study.

Literature Review

Collecting Data
Video Recording Manual Measurement

Thesis

Reference

Analysing
Data

Summary and

Conclusion

Figure 1.2:  Research Methodology Flow Chart



1.6  Significant Of Research

In many countries (Malaysia, Nigeria, and South Africa), directional midblock
median U-turn openings are exclusive facilities at road segments meant for U-turn
movement only (Liu Pan, 2008). They are meant to ease traffic pressure at intersections
located some distance away from the facilities. These facilities are not to be confused
with median opening at highway intersections. Typical midblock median U-turn opening
has three sections, entry, middle curvature, and exit. According Chevion, D. S (2011),
vehicles entering the facilities decelerate gradually on approach and continue at lower
speed until it is safe at the exit to merge with priority traffic stream. As shown in Figure
1.3, midblock median U-turn opening is a non-uniform structure. Since the midblock
median opening facilities have three sections (entry, middle curvature, and exit), capacity
estimation method is dependent on the section of interest. After all, capacity represents
the maximum sustainable hourly flow rate at which vehicles reasonably can be expected
to traverse a point or a uniform section of a lane or roadway during a given time period

under prevailing roadway, environmental, traffic, and control conditions (Akcelik, 2008).

T
.............. i A
- ———— —
(A)
B
©) (B)
———
_______ AR i, =
“—

Figure 1.3:  Typical midblock median U-turn openings facilities.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Movement is the backbone system to human activities. It is very important
network to carry out the activities with various location and to bring people and goods
through the growing network at the same time in line with the growth of an increasing
complex society. The movement depends on the existence of adequate transport and
transport requires road networking such as smooth, good and systematic. According to
Chen (2002), a good network system not only can accommodate volume of traffic
capacity flow in one time, but can give a minimum delay to driver. The driver is more
concerned with faster journey times than other things. Delay is the main thing is always
avoided by the driver. Changes in road management systems mostly done to minimize
the delay which must be received by the driver, but there is also a preferred system change
over delay in road capacity, particularly in urban areas to accommodate the traffic volume
is high. Changes in system should be reviewed to avoid wastage effectiveness not only
on time but also on the cost of fuel and travel distance to be passed by the driver.
Papageorgiou (2003) said that traffic management required to control road users for get
in maximum from the road network system existing in place for the benefit of all users.

Maximum use will lead to higher traffic volumes without delay and to be safe for use.

2.2 Midblock U-turn Opening

According to Rahman (2015), a U-tum in driving refers to performing a 180
degree rotation to reverse the direction of travel. It is called a "U-turn™ because the
maneuverer looks like the letter U. In some areas, the maneuverer is illegal, while in

others it is treated as a more ordinary tum, merely extended. Consequently, vehicles



making U turns may have. Slower turning speeds. At median openings, drivers usually
need larger gaps in the major street traffic stream to make U turns. Based on previous
research, Liu Pan (2008) said the arguments have been advanced by some opponents of
median modification projects that median openings may not be able to handle large
numbers of U-tuming vehicles due to the limited capacity of U-turn movement, and the
increased number of U turns may result in traffic congestion at median openings. There
has been little documentation on the operational effects of U-turns, which contains
procedures and models for estimating capacity and delay for different movements at
unsignalized intersections, does not provide specific guidelines for estimating capacity
and delay of U-turns at median openings. Traffic operations at U-turn median openings
have not yet been formally addressed (HCM, 2000). According to Pirdavani (2011),
developed regression equations to estimate the delay and capacity of U-turns by field
experiment. According to Hashem Al Masaeid (1999), the empirical formulas indicate
that there are strong correlations among the delay, capacity and total conflicting traffic
flow. U-turns at median openings can only be made in the gaps between platoons during
peak traffic periods. Nothing occurs while the platoons pass side streets and U-turn
median openings. It was found that delays of U-tum vehicles making a right tum from
upstream side streets have a strong correlation with the offset of upstream and
downstream signal timing, weaving length, the length between the side street and

upstream signal, and signal spacing (Hashem Al-Masaeid, 1999 ) .

Midblock U-turning facilities are median openings on multi-lane highways. U-
turning facilities aimed at easing traffic conflicts and pressures at highway intersections.
While some are built as complimentary facilities to existing road geometric designs,
others are built as a complete replacement to existing facilities on the premises that they
will reduce conflicts and ease traffic congestions at adjoining intersections. In Malaysia,
where the right hand driving rule is in place, drivers decelerate when diverging, accelerate
when converging at the midblock facilities. Therefore, it is not surprising that the issue
of midblock U-turning facilities has provoked fierce national debates. Proponents of
midblock facilities argue that their installation has brought some help to motorists
plagued with conflicts and congestions at adjoining intersections. According to (Forward.
S) in claimed that to reduce the number of accident, the skill and knowledge of the drivers

need to be increased. So, this research will identify the safe distance of entry vehicle to



enter the main lane and the safe distance of fast lane vehicle with the slow lane vehicle
before make decision to change the lane at this U-turn facility road segment. Other than
that, this study will focus on develop a lane changing model in order to determine the
relationship between the reaction time (RT), speed (V) and distance from behind vehicle
to the front vehicle due to changing lane at U-turn facility road segment. Finally, the
model can be used to estimate the safe distance for road user to slow down their rate of
speed while approaching the U-turn facility road segment and can be used to estimate the
speed, safe distance in lane changing process. The result can be put into driver’s guideline

in daily driving process and can be used in the real scenario.

2.2.1 General Considerations

According to Arahan Teknik (Jalan) 8/86 by the Public Works Department
(PWD, 1986), the divided highways require median openings to accommodate vehicles
making U-turns in addition to right truning and cross traffic. Separate U-turn median

openings may be required at the following locations:-

I. Locations beyond intersections to accommodate minor turning movements not
otherwise provided in the intersection or interchange area. The major
intersection area is kept free for the important turning movements, in some

cases obviating expensive ramps or additional structures.

ii. Locations just ahead of an intersection to accommodate U-turn movements
that would interfere with through and other turning movements at the
intersection. Where a fairly wide median on the approach roadway has few
openings, U-turning is necessary to reach roadside areas. Advance separate
openings to accommodate them outside the intersection proper will reduce

interference.

iii. Locations occurring in conjunction with minor crossroads where traffic is not
permitted to cross the major road but instead is required to turn left, enter the
through traffic stream, weave to the right U-turn, then return. On high-speed
or high-volume roads, the difficulty and long lengths required for weaving with



safety usually make this design pattern undesirable unless the volumes
intercepted are light and the median is of adequate width. This condition may
occur where a crossroad with high volume traffic, a shopping area, or other
traffic generator that requires a median opening nearby and additional median

openings would not be practical.

iv. Locations occurring where reqularly spaced openings facilitate maintenance
operations, policing, repair service of stalled vehicles, or other highway-related
activities. Openings for this purpose may be needed on controlled-access roads

and on divided roads through undeveloped areas.

v. Locations occurring on roads without control of access where median
openings at optimum spacing are provided to serve existing frontage
developments and at the same time minimize pressure for future median

openings.

2.3  Merging

Based on Othman Che Puan (2015), merging is one type of vehicles interaction
in a traffic stream. It is defined as the movement of a vehicle from a ramp entering into a
main lane traffic stream. In other words, it is a process where vehicles in two streams of

traffic moving in the same direction combine to form a single stream of traffic.

2.4 Type of Conflict Point

According to Chang (1982), a conflict point is the point at which a highway user crossing,
merging with, or diverging from a road or driveway conflicts with another highway user
using the same road or driveway. It is any point where the paths of two through or turning

vehicles diverge, merge, or cross as shown in Figure 2.1 and Figure 2.2 below.



Diverging ; iMerging

Weaving Crossing

—»o—p
Stopping/Queuing

5 A

Figure 2.1:  Type of Traffic Conflict

Figure 2.2:  lllustration of Traffic Conflict

2.4.1 The Pattern of Weaving at U-turn

According to a study conducted by the National Cooperative Highway Research

Program (Zhou, 2013), there are three types of patterns for Weaving:

i.  When weaving distance is short (i.e., 75-150 meters (250-500 feet), less than
a right turn deceleration lanes on major roads),many drivers will choose the
appropriate intervals simultaneously to enter all the streets and make a direct
entry into the lane right-tum deceleration.

ii.  Weaving is the medium of distance (i.e., 150-305 meters (500 to 1.000 feet),
not enough to make changes lane with ease), most drivers will choose
intervals appropriate to the simultaneous enter all the streets and make a direct

entry into the lane most of.

10



2.5

When Weaving distance is long (i.e.,> 305 meters (1,000 feet)), the driver
will choose an appropriate interval, enter the left-side lane, speeding with

appropriate speed, and then make a change lanes to right into the lane.

Term Definition

There are two types of data used in this study, the primary data and secondary data.

Primary data is data that are observed in the study area and is the primary data needed to

facilitate analysis. In addition, primary and secondary data information is also needed for

comparison in this study. Among the data required for this study are:-

Vi.

Vii.

viii.

Gap - the time interval between the passage of consecutive vehicles moving in
the same stream, measured between the rear of the lead vehicle and the front of
the following vehicle.

Gap Accepted — is the time gap between two consecutive conflicting vehicles
that the u-turning vehicle makes a u-turn

Critical Gap — Gap Study is the minimum time interval that allows entry tone
vehicle and is acceptable to a driver. From gap study it also can find the follow
up time (minimum headway between first vehicle and second vehicle)

Rejected Gap - is the time gap between two consecutive conflicting vehicles that
the u-turning vehicle declines to make a u-turn

Speed Limit — Pattern of speed limit of vehicle at study area whether speed at
that location is suitable or not.

Stopping Sight Distance — distance of the driver needs to be able to see the
midblock U-turn opening.

Free Flow Speed - the speed that occurs when density and flow are zero.

Speed - the time rate of change of distance.

Flow — the number of vehicles passing a point per unit of time; often called
volume when the time unit is one hour.

Density — the number of vehicles occupying a road lane per unit length at a given

instant.

11



2.6 Speed, Flow and Density Relationship

Speed, flow, and density are all related to each other. The relationships between
speed and density are not difficult to observe in the real world, while the effects of speed
and density on flow are not quite as apparent (Hughes, 2002).

Under uninterrupted flow conditions, speed, density, and flow are all related by the

following equation:

q=lkoxv 2.1
Where ;
g = Flow (vehicle/hour)
v = Speed (mile/hour, kilometer/hour)

k = Density (vehicle/mile, vehicle/kilometer)

Because flow is the product of speed and density, the flow is equal to zero when
one or both of these terms is zero. It is also possible to deduce that the flow is maximized
at some critical combination of speed and density. Two common traffic conditions
illustrate these points. The first is the modern traffic jam, where traffic densities are very
high and speeds are very low. This combination produces a very low flow. The second
condition occurs when traffic densities are very low and drivers can obtain free flow
speed without any undue stress caused by other vehicles on the roadway. The extremely

low density compensates for the high speeds, and the resulting flow is very low.

2.6.1 Speed

Speed is the distance covered per unit time (Guin, 2006). One cannot track the
speed of every vehicle, in practice, average speed is measured by sampling vehicles in a
given area over a period of time. Two definitions of average speed are identified as time

mean speed and space mean speed.

i.  Time mean speed is measured at a reference point on the roadway over a period
of time (RT Underwood, 1960). In practice, it is measured by the loop detectors.
Loop detectors, when spread over a reference area, can identify each vehicle and

can track its speed. However, average speed measurements obtained from this

12



method are not accurate because instantaneous speeds averaged over several
vehicles do not account for the difference in travel time for the vehicles that are
traveling at different speeds over the same distance.

Ii.  Space mean speed is measured over the whole roadway segment (H Rakha, W
Zhang, 2005). Consecutive pictures or video of a roadway segment track the
speed of individual vehicles, and then the average speed is calculated. It is
considered more accurate than the time mean speed. The data for space
calculating space mean speed may be taken from satellite pictures, a camera, or
both.

2.6.2 Flow

Flow is the number of vehicles passing a reference point per unit of time, vehicles
per hour. The inverse of flow is headway, which is the time that elapses between the
number of vehicle passing a reference point in space and the number of vehicle. In
congestion, headway remains constant. As a traffic jam forms, headway approaches
infinity. Knowledge of fundamental traffic flow characteristics, namely, speed, volume,
and density and the related analytical techniques is an essential requirement in planning,
design, and operation of transportation systems. Fundamental traffic flow characteristics
have been studied at three levels: microscopic, mesoscopic, and macroscopic. Existing
traffic flow models are based on time headway, flow, time-space trajectory, speed,
distance headway, and density. These models lead to the development of a range of
analytical techniques such as demand-supply analysis, capacity and level-of-service
analysis, traffic stream modeling, shock-wave analysis, queuing analysis, and simulation
modeling (May 1990).

2.6.3 Density

Traffic density is the third fundamental traffic flow characteristic. It is an
important characteristic that engineers can use in assessing traffic performance from the
point of view of users and system operators. Engineers also employ it as the central
variable in freeway control and surveillance systems. For example, the Highway Capacity
Manual (HCM, 1994) uses traffic density as the primary LOS measurement for
uninterrupted flow situations (freeways and highways). Traffic density also plays an

13



important role in system-wide traffic performance evaluations and on-line traffic-

responsive freeway control systems.

Density is defined as the number of vehicles per unit length of the roadway. In
traffic flow, the two most important densities are the critical density and jam density refer
Figure 2.3. The maximum density achievable under free flow is critical density, while
jam density is the maximum density achieved under congestion. In general, jam density
Is seven times the critical density. Inverse of density is spacing, which is the center-to-
center distance between two vehicles. The density within a length of roadway at a given

time is equal to the inverse of the average spacing of the number of vehicles.
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Figure 2.3:  Flow Density Relationship Graph

2.7  Free Flow Speed

Free flow speed (FFS) is referred to the vehicles that is desired speed on a road
segment at low traffic flow or low traffic density condition and in the absence of traffic
control devices (Liao, M., Li, K., Du, X. and Wang, K, 2007). It is a significant variable
used in assessing the expected operating conditions or level of service (LOS) of
highways. A key step in the capacity and LOS analyses of two-lane highways in the
determination of FFS through which average travel speed (ATS), a key LOS indicator for
the subject road class is estimated. The Highway Capacity Manual 2010 (HCM2010)
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suggests an indirect method for field measurement of FFS based on the operating
conditions of the highway in terms of base free flow speed (BFFS) and geometric features
regarded as factors influencing FFS. It is however, recommended by the HCM 2010 that
direct field measurement of FSS is the most preferred approach. Other sources suggested
that FFS be measured as the mean speeds of unimpeded vehicles travelling with

headways greater than 8 seconds based on spot observation.

28 Gap

Gap is very similar to headway, except that it is a measure of the time that elapses
between the departure of the first vehicle and the arrival of the second at the designated
test point. Gap is a measure of the time between the rear bumper of the first vehicle and
the front bumper of the second vehicle, whereas headway focuses on front-to-front times.
Gap is also reported in units of seconds. Figure 2.4 illustrates the difference between gap

and headway.

In the context of this study, a gap is defined as the time duration (in seconds),
measured at the same point in space, between the rear bumper and the front bumper of
two consecutive vehicles. According to Ashlata R. (1966), most researchers define gap
as the time interval between two successive vehicles measured at a specific reference
point. The critical gap is defined as the minimum time length (in seconds) of a gap in
traffic which will permit (on average) a side street vehicle, a single pedestrian, or a group
of pedestrians to cross a roadway of specified width without coming into conflict with
passing vehicles. In the case of side street traffic, this value may also represent the time
length of a gap in traffic permitting side street vehicles to merge into the traffic stream

between two vehicles (Manual on Uniform Traffic Studies, 2000).

_ Gap (sec) N
1C'lx:aranc¢ (ft or m)
N N
@ L -« @
Headway. hr (sec)
B Spacing 5 (ft or m) i
Figure 2.4:  Illlustration of gap and headway definition.
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2.8.1 Gap Acceptance

According to Othman Che Puan (2015), the gap acceptance is a task that drivers
perform so regularly that it occurs nearly at a subconscious level. However, being able to
successfully complete this task is essential in order to drive safely. Not all drivers display
the same gap acceptance behaviour and even same driver can react differently in different
locations and under different conditions. Gap acceptance data can be collected and
analyzed in a number of different ways. However, the principles of each method are quite
similar. The best way to collect data on driver's gap acceptance behaviour is through
direct field observations. When traffic is congested, drivers may choose to behave more
aggressively and accept smaller gaps than is modelled by standard parameters. EXisting
condition may therefore be hard to reproduce unless more aggressive parameters are
adopted.

Based on Guo, R & Lin, B (2011), gap assessment study was conducted to collect
the number of accepted and rejected gap. The numbers of accepted and rejected gap was
collected using video camera. Currently, the most common way to observe gap
acceptance behaviour in the field is to set up video surveillance equipment at the site and
then process the data off-site. Processing the data generally involves slowly advancing
the recording and capturing time stamps of each vehicle passing through the intersection.
This is a very time consuming process, however the results are generally thought to be
quite accurate. Once the gap data was collected and analysed, curves representing the
frequency of rejection and acceptance of gaps were developed. Based on Noel Kay
(2006), the calculated gap acceptance parameters were applied in a micro simulation
model and compared with observed travel times. These showed a better level of fit
compared to the use than the default value. Hamed & S. M. Easa (1997) was defined gap
acceptance is an important factor in evaluating delays, queue lengths, and capacities at
unsignalized intersections. Gap acceptance may also be used to predict the relative risk
at intersections, where smaller gaps generally imply higher accident risk (Polus, 1985).
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2.8.2 Critical Gap

In Malaysia, the critical gap acceptance is still being used as in the existing
guideline for unsignalised intersection (Arahan Teknik Jalan, 11/1987). However, the use
of the gap acceptance procedure does not take into consideration the mixed traffic flow
condition prevalent on Malaysian road. In this study, critical gap acceptances under
normal saturation flow condition were estimated for unsignalised. Critical gap is an
important parameter for capacity calculation. There are different values of critical gaps
for drivers in different geometry and traffic conditions. The problem is the critical gaps
cannot be measured directly. For gap acceptance, (TRB, 2000) most researchers agreed
that it is difficult to measured critical gap directly in the field. Consequently, some
statistical model or procedure for estimating critical gaps at unsignalized intersections is
needed. Based on Al-Taie (2010), the critical gap is defined as the minimum time length
(in seconds) of a gap in traffic which will permit (on average) a side street vehicle, a
single pedestrian, or a group of pedestrians to cross a roadway of specified width without
coming into conflict with passing vehicles. In the case of side street traffic, this value
may also represent the time length of a gap in traffic permitting side street vehicles to
merge into the traffic stream between two vehicles. Values of critical gaps are different
for different drivers (some of them are too fast or risky, some of them are slow or careful)
and there are dependent on types of movements, geometry parameters of intersections,
traffic situation. Due to this variability gap acceptance process is consider as a stochastic
process and the critical gaps are random variables. The estimation of critical gaps tries to
find out values for the variables and as well as for the parameters of their distributions,
which represent typical driver behavior at the investigated intersection. The Californian
Department (2012) of motor vehicle advises the the drivers to use minimum gap of 4.0

seconds to merge on a motorway.

29 The Raff’s Method

This method is based on macroscopic model and it is the earliest method for
estimating the critical gap which is used in many countries because of its simplicity. This
method involves the empirical distribution functions of accepted gaps and rejected gap.
When the sum of cumulative probabilities of accepted gaps and rejected gaps is equal to

one then a gap of length is equal to critical gap. It means the number of rejected gaps
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larger than critical gap is equal to the number of accepted gaps smaller than critical gap.
The critical lag is the size lag which has the property that the number of accepted lags
shorter than is the same as the number of rejected lags. A similar definition was proposed
by Drew (1968) but for gaps rather than lags. So critical gap can be derived from the
cross point between the number of curves of accepted gaps and rejected gaps. Raff’s
method is also called threshold method. The flow rate of major road has a prominent
influence on critical gap value. The method is used widely in many countries owing to
its simplicity and practicality.

Raff’s process was first established to estimate the critical lag. The process only used the
lags offered to drivers; that is the time between the arrival of a minor stream vehicle at a
stop or give way line to the arrival of the next vehicle in the major stream. Each driver is
offered one lag and they can then decide to accept or reject it depending on each driver’s
critical lag. The critical gap is assumed to have the same value as the critical lag. For
Raff’s method, the critical lag can be evaluated when the number of accepted lags shorter

than the critical lag is equal to the number of rejected lags longer than the critical lag.

Raff’s method was used in many countries in earlier times. Because of its simplicity, it is
still being used today in some research projects (Wu, 2006). By using raff’s method to
analyse the data, Figure 2.5 below show the example of raff’s method graph. Raff’s
method can be expressed as shown below:-

1—Fr (t) = Fal(t) 29

.where t is headway of major stream Fa(t) is cumulative probability of accepted gap Fr(t)
is cumulative probability of rejected gap.
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Figure 2.5:  Example of Raff’s Method Graph

2.10 Greenshield’s Model

Greenshield was able to develop a model of uninterrupted traffic flow that
predicts and explains the trends that are observed in real traffic flows (Adolf D.
May,1990). While Greenshield’s model is not perfect, it is faily accurate and relatively
simple. From this model, it can give an assumption on under uninterrupted flow
conditions, speed and density are linearly related. This relationship is can be expressed
mathematically and graphically. Based on Ben-Edigble (2010), to compare with
Greenshield’s hypothesis of linear relationship model for speed versus density, speed
versus flow and flow versus density need to be analyse. There are 3 types of relationship

in this model which is:-
i. Relation between Speed and Density
ii. Relation between Speed and Flow
iii. Relation between Flow and Density

From this model, it can give an assumption on under uninterrupted flow conditions, speed
and density are linearly related. This relationship is can be expressed mathematically and

graphically.
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2.10.1 Relationship between Speed and Density

Macroscopic stream models represent how the behaviour of one parameter of
traffic flow changes with respect to another. Most important among them is the relation
between speed and density. Greenshield assumed a linear speed-density relationship as
illustrated in Figure 2.6 to derive the model. The equation for this relationship is shown

below.

En denﬁity [k] — Ir"jre:n

Figure 2.6:  Relationship between Speed and Density

v=1f— [l—f] k 2.3

where v is the mean speed at density k, vf is the free speed and kj is the jam density. This
equation is often referred to as the Greenshields’ model. It indicates that when density

becomes zero, speed approaches free flow speed.
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2.10.2 Relationship between Speed and Flow

u_r

speed, U ——=

0 q Gmar
flow, q—-

Figure 2.7: Relationship between Speed and Flow

Once the relation between speed and flow is established, the relation with flow can be
derived. This relation between flow and density is parabolic in shape and is shown in

Figure 2.7. Also, we know that
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2.10.3 Relationship between Flow and Density
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Figure 2.8:  Relationship between Flow and Density
Now substituting equation 1 in equation 2, we get

g=rsk— [L—f] k* 2.5
ks

k=1 2.6

Similarly we can find the relation between speed and flow. For this, put in equation 1 and

solving, we get

il o
g=kjv— L—‘T] T 2.7
F

This relationship is again parabolic and is shown in Figure 2.8. Once the relationship
between the fundamental variables of traffic flow is established, the boundary conditions
can be derived. The boundary conditions that are of interest are jam density, free flow
speed, and maximum flow. To find density at maximum flow, differentiate k equation 3

with respect to and equate it to zero, for example:-
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2 _ 0
dk
Vf
v =2k = 0 28
k= %

Denoting the density corresponding to maximum flow as Ko,

k.
ky = Ej 2.9
Therefore, density corresponding to maximum flow is half the jam density Once we get,

we can derive for maximum flow, gmaz. Substituting equation 5 in equation 3

ki v [k
Qmazx — V§ o — 7. |

2 k|2

k k.
= ﬂf'Ej_ﬂflzj 2.10
_ ’L'f.kj'

4

Thus the maximum flow is one fourth the product of free flow and jam density. Finally
to get the speed at vo maximum flow, , substitute equation 5 in equation 1 and solving we
get,

ki v [k
Jmez — 1-'_)‘-5__- T

ki | 2
k;i k;i
= e _—qy = 2.11
’Lf. 2 ’Lf. 4
_ vy kj
4

Therefore, speed at maximum flow is half of the free speed.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Introduction

In this chapter, the case study will focus on the effective methods to get more
detailed information. Through this chapter, it will develop a better. understanding about
the research in detail, particularly how research is conducted and the information that will
be discussed. In a research, the important thing is a process and how the way to interpret
the correct data so that the research will do smoothly and the information provided are
true and have their evidence. In general, there are two methods of carrying out the
research which is qualitative methods and quantitative methods but there is some research
that carries both methods. In this research, the author uses qualitative methods in which
the authors work on site by planting the devices to get data. The data is very useful to the
study to gain more information. This chapter will discuss briefly about the methodology
that has been used in this study. It will also describe the locations of case study data
collection, the equipment used, the equations used, the statistical and mathematical

analysis and the Highway Standard.

3.2  Chart Review Methodology

In this study, the first step is to provide a flow chart of the study as shown in
Fiqure 3.1, to implementation of the study. At the beginning of this study, related research
has been studied to find the scope of case study which is relate with this topic. The
location of the study determined before doing the next job processes. The next process is
a set of data from metrocount that is needed in this study. Then determine the appropriate

method of observation and observation of work done on site. Results of observation data

24



gathered and analysed. After analysis, the analyses of the study are discussed and finally

conclusions and recommendations made.

Select Location

Data Collection:
-Traffic characteristics
- Gap assessment

Data analysis:

- Speed, Flow and Density
Relationship

- Produce Critical Gap by

using Raff Method

Conclusion &
Recommendation

Figure 3.1:  Flow Chart Methodology
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3.3 Site Location

In this study, the following criteria were applied in the site selection process:

I.  This location has been chosen because it is significance as major road that form a
backbone of Kuantan road network
ii.  The selected site is on a multilane divided highway
iii.  The type of road design is JKR (U5) which is Partial Access Control
iv.  There should be an exclusive U-turn at the median opening, thus, the vehicle need
to queue at the U-turn lane and then wait for a suitable gap to enter the fast lane
v.  The U-turn volume at the selected site should not be too small in order to record

as many observations as possible during a certain period of time.

3.4  Description of the Study Area

The study area from two places are considered in such a mode that the road
networks give the required input data for analyzing critical gap and comparing the same
between different modes of transport. Median U-turn openings at four-lane are
considered in the present study. In this study, the maximum speed limit for this study area
is 80-90 km/h.
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3.5  Study Location

In this study, midblock U-turn opening at Jalan Tanah Putih area was selected as
study area to collect all data needed for the analysis. The midblock U-turn is selected
based on the reasons that were stated in previous chapter. The view of midblock U-turn

selected is shown in Figure 3.2

L

Figure 3.2:  Selected Midblock U-turn Opening

3.6 Data Collection

Data collection needed for this study was critical gap and speed, flow and density of
traffic stream through the study area. Data observed manually by using video recording
and site measurement for stopping sight distance. The observations has be done for about
few weeks until all the required data is acquired amd the result was then presented in the
table so that the analysis can be done later. The data analysis can be separated in two parts
that is traffic characteristics data and gap assessment data from video recording.
According to Vien (2008), data for gap assessment is observed manually by using video
recording and site measurement for stopping sight distance. The application of a
recording method for traffic data collection has many advantages.
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3.6.1 Traffic Characteristics

The parameter of data collection for traffic characteristic is speed, traffic composition,
headway and volume. The method to get data for free flow speed, speed, flow, headway,
volume and density is observed using metrocount. This metrocount is placed in three
condition as shown in Figure 3.3 :-

i. Point A and B — To obtain the traffic parameter data which is speed, flow and
density by using metrocount

KUANTAN

Figure 3.3:  The condition of metrocount placed

3.6.2 Critical Gap Assessment

For gap assessment data is observed using a video recorded and radar gun. This video
recorded which records vehicles entering the U-turn and through the first and last lines.
During observations, it is need to ensure that the vehicle is observed to move from the
driveway and make U-turns to enter the major road. For this data collection, the video
recorder and radar gun is placed as shown in Figure 3.3 :-

i.  Point C — To obtain the gap assessment data by using video recording

ii.  Point D — To obtain the passenger car speed by using radar gun
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Data observed for four hours, during peak time at 7.00 am — 11.00 am. When the vehicles

enter and exit from the midblock U-turn opening which is the vehicle will passing through

the U-turn to major road, the video recorded will be analysed to get the crititcal gap. Gap

is to determine by the difference of time of vehicle from the storage area to merging with

major road.

3.7  Research Equipment

In this study, observations have been using a metrocount, video recorder and

measurement apparatus. The list of equipment used for this study show in Figure 3.4

below.

No.

Equipment

Humber / Unit

Metrocount

1

Video REecorder

Radar Gun

Tape measurement

Safety Tackets

=l T I T ]

Datasheet gap assessment

1
1
1
1
1

Figure 3.4:  List of Equipment Used for Research Purposes

29




CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter was discussed about the results that had acquired from the
observation conducted to get the necessary data. Traffic characteristics was counted
automatically during peak hour by using metrocount. The collected data from metrocount
will provide the classes of vehicle, speed, flow and volume. For the gap assessment
study, the video camera was used to record the accepted and rejected gap. The gap

assessment study was performed in four hours and one camera are placed at the site.

The analysis was conducted to view the real situation for the problem that occurs
at this midblock U-turn opening. From the early observation that has been done, this
intersection was identified as one of the critical midblock U-turn especially during peak
hour. The performance of this midblock U-turn was analysed in terms of their gap
assessment study and traffic characteristics. From the analysis that has been done, the
performance of this midblock U-turn can be identified either it is good or worst. Then,
the recommendation was proposed to improve the performance of midblock U-turn
opening. Therefore, the congestion and road accident problem that occur at the midblock

U-turn can be reduced.
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4.2 Traffic Characteristics

In this study, the traffic characteristics along Jalan Tanah Putih was observed
such as the number of lane, speed limit, volume, density and flow. The equipment were
used in this study are metrocount. The speed limit imposed at this site as stated by JKR
is 80 km/h. From the observation, the free flow speed data are taken at 180 meter based
on stopping sight distance (SSD) calculation before the conflict point which is the storage
lane for midblock U-turn opening. The illustration of the free flow speed for this site
shown at Figure 4.1.

2

SSD = 0.278 Vt + _ 4.1
254(f + 9)

where :
SSD = required stopping sight distance, ft or m,
V = speed, km/h
t = perception — reaction time, sec, typically 2.5 sec for design
f = coefficient of friction

g = percent grade(% / 100)

2

SSD = 0.278 (80)(2.5) + 80 4.2
= 0.278 (80)(2:5) 254(0.30 + 0)

SSD = 139.59m = 140m
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Figure 4.1:  Illustration for Free Flow Speed

The primary traffic characteristics data collected were speed, flow and density
that acquired from the observation. The data was collected during AM (7.00am —

11.00am). In three consecutive days Tuesday, Wednesday and Thursday.

4.2.1 Traffic Composition

From Table 4.1, there was the type of vehicle classes that has been analyse. Table 4.1

shows the summary results of the traffic composition at Jalan Tanah Putih.

Class Type of Car
C1 Car, Taxi
C2 Small Van, Medium Lorry
C3 Heavy Lorry
C4 Bus
C5 Motorcycle

Table 4.1:  Type of Vehicle Classes
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These average traffic composition was divided into two part to observed the
differences between major road and at U-turn facilities for four hours in three days The
number of vehicles that using major road was slightly higher compare to the U-turn as
shown in Table 4.2.

Vehicle Traffic Flow on Major Road Traffic Flow at U-turn
Classes
Cl 6720 80.1% 2809 81.0%
C2 337 4.0% 104 3.0%
C3 8 0.1% 7 0.2%
C4 83 1.0% 62 1.8%
C5 1238 14.8% 488 14.1%
Table 4.2:  Average Traffic Flow for 3 days

As shown from the traffic data obtained, private cars (C1) recorded the highest percentage

of traffic followed by motorcycle on major road. The highest percentage of private cars

on major road which was 80.1% of the total traffic.

4.2.2 Characteristics of Speed, Flow and Density

The traffic flow, speed and density between point A and Point B was to

determined the differences which the point A data was taken at the free flow speed

condition and point B was taken at the conflict point at the midblock U-turn facilities.

These data was interpret in Table 4.3 below

Point A Point B
Time Speed Flow Density Speed Flow Density
(km/h) | (veh/hr) (veh/km) (km/h) | (veh/hr) (veh/km)
7.00-8.00 63 2638 42 62 2352 38
8.00-9.00 70 2237 32 69 2051 30
9.00-10.00 72 1837 26 70 1658 24
10.00-11.00 73 1674 23 70 1498 21
Table 4.3:  Speed, Flow and Density at Point A and Point B

33




From Table 4.3, these data was taken as an average for three days to determined
the speed,flow and density at point A and Point B. Therefore, the data observed shows
that there was a differences in speed at point A and point B when the speed at point A
slightly higher 63-73 km/h compared to the speed at point B during four hours
observation.

The data from table 4.3 were interpreting in the graph to show the speed vs
density, speed vs flow and flow vs density relationship between two point. Figure 4.2
below shown the speed vs density relationship for point A and point B.

Speed Vs Density

o o N N~
» 0 O N b

BPoint A
®Point B

Speed,v (km/h)

(2]
N

(o]
SN

[o2}
o

Density,k (veh/hr)

Figure 4.2:  The Traffic Speed versus Traffic Density

These graph show the data retribution for the relationship between two point was
slightly different and this were because of the conflict at point B, when the speed was
higher by 73 km/h the density were lower by 23 veh/km. It shows that when the speed
was higher the density were lower that make the vehicle to speed up at this road.

For Figure 4.3, these was the data for the speed vs flow relationship. From the
speed vs flow relationship data, it shows that when the speed was increase then the flow

will be decrease.
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Speed vs Flow
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Figure 4.3:  The Traffic Speed versus Traffic Flow

Based on observation, when the speed is higher the flow will decrease, it shows that the

average vehicle will speed up until 73 km/h when the traffic flow was 1674 veh/h.

From figure 4.4, the flow vs density relationship shows the numbers of traffic
flow and traffic density for three days during morning peak hour.

Flow vs Density
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Figure 4.4.  The Traffic Flow versus Traffic Density

From the analysis, the flow at point A was slightly higher than point B, this
because many of the vehicle desire to used U-turn facilities that makes the traffic flow at
point B decreased. The highest traffic flow was 2638 veh/h when the density were 42

veh/h. These analysis shows when the flow was higher the density also will be higher and
it can cause congestion.

35



4.3  Critical Gap Assessment

In this part, gap assessment study was conducted to collect the number of accepted
and rejected gap. The numbers of accepted and rejected gap was collected using video
camera. The video camera was performed at one point which is the view of the camera
was focused on the critical vehicle movement as shown in Figure 4.5 and Figure 4.6

shows the real situation of video recorder is placed.

0, -

Figure 4.5:  Position of Video Recorder

Figure 4.6:  Video Recorder Placed On Site
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Based on Figure 4.6, the video recorder was only record the vehicle on the storage
lane to get the exactly time for accepted gap and rejected gap. The vehicle movement was
recorded in four hours at 7.00am — 11.00 am for three days (Tuesday, Wednesday and
Thursday). Then, the gap assessment data was analysed in details by using Raff’s Method
to determine the value of critical gap. From that, the curve representing the frequency of

acceptance and rejected gap were developed.

4.3.1 Critical Gap

Critical gap value for each critical passenger car was determined. Gap acceptance
describes the driver behaviour, such as the possibility of accepting the gap of a certain
time given on the storage lane to merging into main lane. Driver was assumed to have a
certain minimum gap to merging in to main road was called critical gap. Based on Figure
4.7, driver from storage lane was successfully merge into main lane. From this situation,

it was considered passenger car from storage lane was accepted gap.

' se
I\

. v
v

Figure 4.7:  Situation of Accepted Gap by Passenger Car
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Figure 4.8:  Situation of Rejected Gap Aby Passenger Car

Based on Figure 4.8, the driver on the storage lane are waiting to decide a suitable gap
from vehicles from main lane to merging. From this situation, it was considered driver

on storage lane was a rejected gap.

Second objective in this study is to determine the critical gap results at storage
lane of midblock U-turn opening to determine the safe merging gap for the midblock U-
turn facilities. Data from video recorder is analysed by using Microsoft Excel to
determine the value of critical gap. In this part, Raff’s Method was used in determination
of critical gap. The potential capacity of U-turn movement at median openings is affected
by a number of factors. These factors include:

i. The conflict at the midblock U-turn opening that affect the main lane.

ii. The critical gap of passenger car to merge into the main lane

iii. The follow-up time for U-turn movement

Raff’s method includes the distribution data of accepted gap and rejected gap. The
sum of cumulative probabilities of accepted gap and rejected gap is one when the
headway is equal to critical gap. By the Raff’s definition, the percentage of rejected gap
is equal to the percentage of accepted gap, it called critical gap. By using the graph, the

critical gap can be determined.

The Raff’s Method was employed to analyse the data from the field study, by
using video recording for four hours (7.00am — 11.00am) during consecutive days, the

accepted gap and rejected gap table shows in Table 4.4 below.
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Length of Gap, t(s) | Gap Accepted | Cummulative Gap Accepted | Gap Rejected | Cummulative Gap Rejected

0-0.99 0 0 0 87
1.00-1.99 1 1 1 86
2.00-2.99 3 4 5 81
3.00-3.99 5 9 14 67
4.00-4.99 4 13 13 54
5.00-5.99 55 68 6 48
6.00 - 6.99 83 151 7 41
7.00-7.99 34 185 7 34
8.00-8.99 1 186 3 31
9.00-9.99 0 186 4 27
10.00 - 10.99 0 186 3 24
11.00 - 11.99 0 186 5 19
12.00 - 12.99 0 186 4 15
13.00 - 13.99 0 186 0 15
14.00 — 14.99 0 186 1 14
15.00 - 15.99 0 186 14 0

Table 4.4:  Cummulative Accepted Gap and Rejected Gap

The graph for the data in Table 4.4 shows in Figure 4.9. The critical gap was taken
as an average for three days. From the Table 4.4, the graph has been plotted to determine
the critical gap which was the intersection between accepted gap and rejected gap are

called critical gap.
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Figure 4.9: Average Critical Gap

From the graph, the analysis has been done between the accepted gap and rejected
gap data and the critical gap that has been analysed using Raff’s Method was 5.0 second.
These analysis show that the numbers of accepted gap for passenger car was higher

compared to rejected gap.
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CHAPTER 5

CONCLUSION

51 Introduction

This chapter will summarize the studies that have been conducted and concluded
based on the analysis and the results already obtained. Analysis based on traffic
characteristics and critical gap assessment at midblock U-turn facilities has been chosen.
Each passenger car takes a different gap to merge from storage lane to major road. This
happen because there was an influenced by physical factors at surrounding area and driver
behaviour. In addition, the problems faced during the study were presented and some
suggestions to improve the study of the future will also be made.

5.2 Conclusion

This study was done to explore on traffic characteristics and critical gap
assessment using Metrocount and Raff’s Method. As stated before in chapter one, the

objective of this study were:-

i. to identify the influence of midblock U-turn facilities towards traffic
parameters of speed, flow and density relationship

ii.  to determine the safe merging gap for the midblock U-turn facilities

It can be conclude that this study was achived all of the objectives. Based on the
analysis that was discussed before in chapter four, the speed vs density, flow vs density
and speed vs flow is complies with the Greenshield’s Model and the value of critical gap
was determined using Raff’s method. Based on critical gap graph, the critical gap value

was 5.0 seconds. According to Malaysia Public Work Department, the critical gap of this
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study was in range and also Transportation Research Board. Figure 5.1 shows the critical

gap of this study.
Source of Information Type of Facility Reported Gap (s)
This Study U-turn 5.0
Othman Che Puan U-turn 40-45
Malaysia Public Work Department U-turn 50-8.0
Transportation Research Board U-turn 4.0-6.0

Figure 5.1:  Reported Critical Gap

5.3 Recommendation

During the analysis, there were some problems that been faced in obtaining the
data. Therefore, there were few recommendations for future study purposes that stated

below:-

I The metrocount need to placed far from the study area to get better free

flow speed.

ii.  The gap assessment observation using video camera need to placed on the
right place that can see the overall traffic that might be easier to measure
the gap acceptance and gap rejected.

iii.  To determine the gap acceptance and rejection gap need a reference and

base point on the study area that the process of counting will be easier.
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APPENDIX A

SAMPLE DATA FROM METROCOUNT
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GAP ASSESSMENT DATA SHEET
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AP ASSESSMENT DATA SHEET

LENGTH OF
GAEL(s)

GAP A CCEPTED,
logs tan t (s)

CUMMULATIVE GAP
ACCEFPTED

GAPREJECTED
grecler Han t (5)

CUMMUOLATIVE GAP
REJECTED

0-—-099

1.00—-199

2.00-299

3.00 -399

4.00 —4 .99

.00 —5 949

6.00 —a 99

700 —7.949

200 —-299

.00 —-999

10.00—-10.9%

11.00-11.9%9

1200-129%9

1200-139%9

1400 - 1499

15.00—-1599
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APPENDIX C

SPOT SPEED DATA FOR U-TURN

Universiti FACULTY OF CIVIL ENGINEERING & EARTH RESOURCES
Malaysia UNMIVERSITI MALAYSIA PAHANG

PﬁHANG SPOT SPEED STUDY DATA SHEET

Location : _JALAW TAMAH PTUTIH From : 7.00 AR To: 11.00 51

Mame: MMOHALRLAT HILAO BTN HARMIZAH Date/Day : 230120138 (TITESDAY) Start Hours : _7.00 0%

Group: - Weather : CL OIS

No. Fawh Ho. Erwh Ho. Erwh No. Eruh No. Eruh Ho. Erwh
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@ a7 4 46 50 a4 a4 = 109 = 1=4 43
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PAHANG ¢poT SPEED STUDY DATA SHEET
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PAHANG SPOT SPEED STUDY DATA SHEET
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PAHANG SPOT SPEED STUDY DATA SHEET
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