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EXECUTIVE SUMMARY

Traffic Congestion and delays on an at-grade urban signalized intersection are a
major problem in traffic engineering. Estimation of average travel and running speed
on urban signalized intersections from transportation models are inadequate to meet
the many demands being placed on them. Urban Signalized intersections have
substantial positive economic and social impacts to road users with reducing the
delays. The advantages of signalized intersection include the orderly movement of
traffic, un-interrupted heavy flows for minor traffic movements, provides gap for
minor traffic movements, promotes driver confidence, and reduces certain types of
major and minor crashes.

This study is carried out to evaluate the delays on existing Koral Chowk, Islamabad,
a 4-leg signalized intersection. The field data was carried out on three different days
of a week Tuesday, Friday and Sunday. Here we count the three hours traffic and
turning movements’ data which is also the peak hour of that day. After the data
collection we have to find the peak hour of that day. As we get the peak hour of that
particular day we have three peak hours one for Tuesday, one for Friday and one for
Sunday. The one which is maximum of these three is the peak hour of that week.
Once we got the peak hour of that week we have to find the PHF. Now we have the
peak hour turning movement count along with the PHF. To optimize the existing
traffic signal we requires the flow of current traffic and the turning movements data,
optimization models experience and also the knowledge of signal timing and their
operation. It includes the determination and optimization of control delay, approach
delays, traffic congestion, capacity analysis, saturation flow rate, queue lengths, v/c
ratio, level of service and intersection capacity utilization and its level of service.

The analysis of results we obtained was carried out by using software
synchro/simtraffic version 8.0. The synchro/simtraffic is a powerful analysis
software which not only give us the existing capacity, saturation flow rate, level of
service of all approaches and for whole intersection, intersection capacity utilization
and its level of service, uniform delay, incremental delay and control delay and v/c
ratio of all approaches, emissions produced and much more that are required for
performance evaluation of at-grade signalized intersection.
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Chapter 1

INTRODUCTION

1.1 Background

Traffic Congestion and delays on an at-grade urban signalized intersection are a
major problem in traffic engineering. Estimation of average travel and running speed
on urban signalized intersections from transportation models are inadequate to meet
the many demands being placed on them. Link travel time determines the choice of
route and if we talk about the long term, it also determines the number of vehicle
trips. Similarly, the efficient traffic signals timing depends on the accurate estimation
of the time it takes to travel between them. Signalized arterials comprise a complex
state in between idealized traffic streams and intersections.

Urban Signalized intersections have substantial positive economic impact to road
users with reducing the control delays. Some of the other advantages of signalized
intersections includes the orderly movement of traffic, un-interrupted heavy flows for
minor traffic movements, provides gap for minor traffic movements, promotes driver

confidence, and reduces certain types of major and minor crashes.

This study is carried out to evaluate the delays on existing Koral Chowk,
Islamabad, a 4-leg signalized intersection. It includes the determination and
optimization of control delay, approach delays, traffic congestion, capacity analysis,
saturation flow rate, queue lengths, v/c ratio, level of service and intersection
capacity utilization and its level of service. Options are available to optimize the
existing signalized intersection. Micro simulation software Synchro/simTraffic will
be used to optimize existing urban signalized intersection. The performance of the
signalized intersection in existing conditions and after optimization is being
compared using the results of software Synchro/simTraffic under a microscopic
simulation environment. The research will further help us in determining the
performance evaluation of urban signalized intersection in other areas. It also helps
us for making a decision for grade separation or not in a long run at existing 4-leg

urban signalized intersection.



1.2 Research Objectives

Measuring control delays in the field accurately is important for designing and

operating traffic signals timings. As a performance measure, control delay plays a

critical and important role in evaluating levels of service and intersection capacity

utilization and its level of service at signalized intersections. Delay at signalized

intersections is defined and used in many different ways. Our objective is to focus on

control delays, uniform delays, and incremental delays. These delays on signalized

intersection will improve by improving the traffic condition on signalized

intersection, reducing delays and reducing number of crashes that must be a major

concern. The specific objectives of this research can be summarized as the following

points:

e To determine the capacity of urban signalized intersection on existing
conditions.

e To determine control delays of all approaches and for whole intersection,
before and after optimization, this is important in determining the level of
services of all approaches.

e To determine level of service of all approaches and for whole intersection
before and after optimization.

e To study the economic and social impacts i.e. emissions due to traffic at
Koral Chowk.

e Recommend new solutions regarding the problems.

1.3 Scope of the Work

To accomplish the above-mentioned research objectives, a comprehensive

research plan was prepared and the following research tasks were outlined:

Literature review of the previous research finding on parameters like
control delays, saturation flow rate, capacity and v/c ratio, level of service
and intersection capacity utilization affecting performance of at-grade
urban signalized intersection.

On field data collection and collation so as to determine the peak hour

volume counts and peak hour factor.



e Analysis with Synchro/simTraffic and to get the results before and after
optimization.
e Comparison of the results obtained from Synchro/simTraffic which will

further help for future short term and long term solutions.

1.4 Organization of the Report

This research is organized into six chapters as shown in figure below.

e Chapter 1 includes a brief introduction of urban signalized intersection,
research objectives including the importance of determining control delay and
its impact on level of service and capacity analysis of signalized intersection
and the scope of the research.

e Chapter 2 includes a literature review on findings of the previous studies and
factor that are used by researchers regarding the performance evaluation at-
grade urban signalized intersection. In addition to it describes the at-grade
urban signalized intersection, traffic congestion and homogeneous and
heterogeneous flow of traffic.

e Chapter 3 explains the selection of site and collection of data turning
movement counts (using Jamar traffic data collector) used in this research,
determination of peak hour volume counts, peak hour factor and input
parameters (Geometric condition, Traffic condition and Signalization
condition) and analysis according to HCM 2000 method.

e Chapter 4 presents the data entry procedure in Synchro/simTraffic their
analysis. The analysis include the capacity analysis, delay analysis,
determining the level of service and intersection capacity utilization and its
level of services before and after optimization and results comparison.

e Chapter 5 presents the solution and the economic and social impacts of Koral
Chowk before and after improvement for years 2015 and 2020.

e Chapter 6 is concerned with the conclusions. Conclusions are drawn from

research findings.

The test results obtained and analysis reports generated by Synchro/simTraffic

version 8.0 software can be found in the appendixes.
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Chapter 2

LITRATURE REVIEW

2.1 Introduction
This chapter is a review of the literature and theory about the performance of

existing urban signalized intersection. The previous research on urban signalized
intersection has shown that existing traffic signals is one of the most important tasks
that an agency can do to improve traffic flow. Traffic flow has been improved up to 26

percent in the recent time.

To optimize the existing traffic signal we requires the flow of current traffic and
the turning movements data, optimization models experience and also the knowledge of
signal timing and their operation. To set the new signal timing for the efficient
movement of traffic is a time consuming task and requires lots of budgetary expenses.

So, this process includes following steps:

e To organize existing information we have,

e Collection of new traffic flow data on existing urban signalized intersection,

e Optimization of signal timing using the software Synchro/SimTraffic,

e Selection of optimum signal timing and there settings,

e Installation of new signal timing on an urban signalized intersection,

e |If the level of service is still F after optimization, the solution is of grade

separation.

Practitioners in the field have developed practical and cost-effective means to
shorten the tasks, and also generate traffic signal timing plans that can easily
approximate the effectiveness of developed traffic signal timing using the modelling
process. These plans are referred as “near-optimum” plans. But we can’t expect the
same quality of traffic signal timing output from a shorten method as we obtained from

the formal, expensive process. But, when we faced with a lack of resources such that

5



traffic signal timing by conventional means is not possible, these shorten methods

should be considered.

Our work examines the informal traffic signal timing process and defines the
method that can be used to optimize traffic signal timing. The efforts made places a
primary emphasis on updating the signal timing on an urban signalized intersection. In
other words we can say that, the efforts made are used that how to develop signal timing
plans and also updated the efficiently of signalized intersection and what are

requirements of grade separation.

2.2 At-Grade Urban Signalized Intersection

2.2.1 Introduction

e Intersections are a major source of vehicle delay (as vehicles yield to avoid
conflicts with other vehicles) and crashes.

e Most roadway intersections are not signalized due to low traffic volumes and
adequate sight distances.

e Conflicting traffic movements, make roadway intersections a source of great
concern to traffic engineers.

e At some point, crash frequency/severity (and other factors) and traffic volumes

reach levels that warrant the installation of a traffic signal.

An intersection is a location where two or more roads carrying traffic streams in
different directions cross. At such a location, obviously, different traffic streams
compete with one another for the use of the common space or the intersection. If left on
its own the flow at an intersection will always be chaotic; the safety and efficiency at
such locations will be low. Hence, various strategies are used to control the flow of

traffic at an intersection in order to improve the safety and efficiency of traffic flow.
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Figure 2.1 At-Grade Urban Signalized Intersection

2.2.2 Advantages
e Provisions for side-street vehicles to enter the traffic stream
e Potential reduction of some types of crashes (particularly angle crashes)
e Possible improvements in capacity
e Provisions for pedestrians to cross the street
e Possible reductions in delay

e Provisions for the progressive flow of traffic in a signal-system corridor.

2.2.3 Disadvantages
e Increasing vehicle delay,
¢ Increasing vehicle crashes (particularly rear-end crashes),
e Causing a disruption to traffic progression (adversely impacting the through
movement of traffic), and
e Encouraging the use of routes not intended for through traffic (such as routes

through residential neighborhoods).

At an at-grade urban signalized intersection, the common space is periodically
given to certain flows while other conflicting streams are barred from entry at that time.
In a manner of speaking the common space is time-shared among the various flows.
Although, there are various kinds of time sharing strategies like pre-timed, partially

actuated, and fully actuated signalizations.



e Pre-timed signal are those signals whose timing (green time, cycle length, and so
on) is fixed over specified time periods and does not change in response to
changes in traffic flow at the intersection. No vehicle detection is necessary with
this mode of operation.

e Partially Actuated are those signals whose timing (green time, cycle length, and
so on) is affected when vehicles are detected (by video or pavement-embedded
inductance loop detectors) on some, but not all, approaches.

e Fully-Actuated are those signals whose timing (green time, cycle length, and so
on) is completely influenced by the traffic volumes with detectors on all of the
approaches. Fully actuated signals are most commonly used at intersections of
two major streets and where substantial variations exist in all approach traffic

volumes over the course of a day.

Here we are talking about the pre-timed signalization and its effect on flow is
studied. The other strategies, where the time sharing mechanism changes more
frequently than in the pre-timed strategy are not studied here as the basic traffic flow

analysis process is the same as that of the pre-timed strategy.

In the pre-timed signalization, the time sharing between the different
conflicting flows occurs according to a pre-defined strategy which repeats at a fixed
interval referred to as the cycle length. During the cycle length, the time for which a
particular stream can utilize the intersection is referred to as the green time for that
stream or movement; the time during which a particular movement cannot utilize the
intersection is referred to as the red time for that movement. Invariably during the
change over from green to red an amber (yellow) signal is shown to warn the driver that
a red signal is impending. During the amber (yellow) time for a movement the vehicles
of that movement can use the intersection. Of course the sum of green, amber (yellow)

and red times for a particular movement is equal to the cycle time.

2.3 Traffic Congestions on Urban Intersections

Traffic congestion is a condition that occurs as use increases, and is characterized
by slower speeds, delays, longer trip times, and increased vehicular queuing. The most
common example is the physical use of signalized intersection by vehicles. When traffic

8



demand is great enough that the interaction between vehicles slows the speed of the
traffic stream on signalized intersection, this results in some congestion. As demand
approaches the capacity, extreme traffic congestion sets in. When vehicles are fully
stopped for periods of time, this is colloquially known as a traffic jam or traffic snarl-up

on signalized intersection.

2.3.1 Causes of Traffic Congestion

Recurring

e Insufficient capacity
e Unrestrained demand

e Ineffective management of capacity (e.g. poor signal timing)
Non-Recurring

e Incidents

e Work zones

e Weather events
e Special events

e Emergencies (e.g. hurricanes)

Figure 2.2 Traffic Congestion on Urban Signalized Intersection



2.4 Traffic Flow on Urban Signalized Intersection

2.4.1 Homogenous and Heterogeneous Traffic Flow

Intersections are very important nodal points in a network of transportation and
the efficiency of their operation have a great influence on the entire road network.
Homogeneous traffic consists of a stream of identical vehicles Fig.2.3. But in
heterogeneous traffic conditions, there is a mix-up of vehicles and they do not follow
the ordered queue and lane discipline Fig.2.4. Heterogeneous traffic condition generally
operates differently as compared to homogeneous traffic condition due to wide
variations in performance characteristics of vehicles and there operations.
Heterogeneous traffic also includes cars (including jeeps and vans), buses, motorized
two wheelers (MTW), light commercial vehicles, auto-rickshaws (three wheeled
motorized vehicles). (LCV) and bicycles and trucks which share the common road
space without any physical segregation. At these signalized urban intersections,
generally smaller vehicles use the lateral gaps between larger vehicles to accommodate
the approach space. Due to vehicle interactions, heterogeneity & complex manoeuvres,
it is very difficult to develop an analytical model for studying such traffic flow
characteristics. So we can say that, simulation is an effective tool for studying

heterogeneous traffic.

Figure 2.3 Homogeneous Traffic Flow on Urban Signalized Intersection

10



Figure 2.4 Heterogeneous Traffic Flow on Urban Signalized Intersection

Various investigations on urban signalized intersections have been already
carried out under homogeneous traffic flow to determine queue length, platoon
dispersion, queue dissipation, delays, driver and vehicular traffic etc. These studies
include studies by Laoufi et al. (2004), Mousa (2003), Kim and Benekohal (2005),
Clement et al. (2004), Addison and Low (1996), Olszewski (1993), Zuylen and Taale
(2001), Lin and Cooke (1986). The capacity of signalized urban intersection approach is
studied by Tian and Wu (2005) also estimate with a short right turn lane based on the
length of the short lane, proportion of through and right-turn vehicles and cycle length.
The effects of right-turn volume, auxiliary lane length and through/right-turn lane group
delay on the level of their utilization was studied by Tarawneh, M. S. and Tarawneh, T.
M. (2002). Mathematical model to estimate the capacity for using exclusive double left
turn lanes was built by Hurley (1998). Left turn adjustment factors for double left turn
lanes in medium size cities was developed by Spring and Thomas (1999). Janson and
Buchholz (1998) worked out saturation flow and delay equations for both exclusive and
shared lanes. Lin (1992) provides left-turn adjustment factors for shared permissive left

turn lane and also estimates the capacities.

Only limited number of research on modelling heterogeneous traffic through
urban signalized intersections has been done yet. Various simulation models for
uncontrolled signalized intersection were designed by Agarwal et al. (1994), Rao and

Rengaraju (1998), Popat et al. (1989) and Raghavachari et al. (1993). A simulation
11



model was created by Marwah et al. (2006) for signalized intersection to estimate queue
length and delay. The platoon dispersal pattern for heterogeneous traffic at an urban
signalized intersection using a simulation model was done by Arasan and Kashani
(2003). Hossain (2001) estimated saturation flow at urban signalized intersections based
on turning proportion, road width and percentage of heavy and non-motorized vehicles
using a micro-simulation modelling approach. The discharge characteristics of vehicles
and vehicle characteristics at urban signalized intersections were analysed by Maini and
Khan (2000). The effect of vehicle heterogeneity on urban signalized intersections and
proposed a probabilistic approach to estimate saturation flow and delay was studied by
Arasan and Jagadeesh (1995). The above mentioned studies highlight the importance of
addressing traffic flow at urban signalized intersections, but still there is a need and
further scope for studies on queue formation, queue density, queue accumulation and
dissipation at and near urban signalized intersections areas. There is also a need of
effective traffic regulation and control and to evolve and study appropriate traffic
control and management measures and strategies for better utilization of transport
infrastructure. Akgungor, A. P. (2008a and 2008b) also analysed the delay parameter,

which dependent on variable analysis periods at urban signalized intersections.

2.5 Analysis of At-Grade Signalized Urban Intersection

e Capacity Analysis
e Delay Analysis
e Level of Service (LOS)

e |CU Level of Service

2.5.1 Capacity Analysis
Here we discuss the basic methods used by all manuals to carry out their capacity
analysis. There might be slight differences between all manuals that are being discussed

here.

Capacity analysis is a set of procedures used to estimate the traffic carrying
capacity of transportation facilities over a range of defined operational conditions. The
procedures typically are being used to determine the level of service (LOS). They

provide tools for the facility as well as the planning and design of future facilities.

12



Capacity analysis is carried out in order to design a signalized intersection as
well as to carry out an operational analysis of an existing intersection. It is important
because it helps us to determine the suitable size of an intersection (i.e. number of lanes
for each approach), phasing and cycle time that is needed to be able to accommodate the

traffic volume.

Chandra et al. (1994) described the capacity analysis for a signalized intersection
as more complex than carrying out capacity analysis for a road. This is because the
capacity of a road is only influenced by the parameters for the road itself, whereas the
capacity for a signalized intersection differs according to the parameters of all the roads
that make up the intersection. This includes the geometric parameters of the individual
lanes, the area type, the turning movements and other related parameters. The factors

that should be kept in mind to determine the signalized intersection capacity are:

e Traffic Volume
e Peak Hour Factor

e Saturation Flow Rate

For an existing intersection, the first thing that should be kept in mind is the
traffic volume. This volume must be recorded directly at the signalized intersection
itself. The volume from the point of observation should also not be limited by the
capacity of the particular infrastructure. Thus, the traffic volume observation is not only
restricted to intersections with adequate volumes but intersection with highly saturated

flows can also be included.

From this traffic volume, the peak hour volume count and then peak-hour factor
is determined. The percentages of left-turning and right-turning vehicles in a shared or
exclusive lane also calculated thus left-turning and right-turning adjustment factors can

be determined.

Next, the saturation flow rate of the intersection is determined. The saturation
flow rate is the flow in vehicles per hour that can be accommodated by the lane group
assuming that the green phase were displayed 100 percent of the time (i.e. g/C = 1.0)
(TRB, 2000). Saturation flow rate is given by
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3600
s= — (2.1)

Where,
s = saturation flow rate in veh/h,
h = saturation headway in s/veh, and
3600 = number of seconds per hour.

However, in order to determine the saturation flow rate, the ideal saturation flow
for the intersection must first be determined. Table 2.1 displays the different values of

ideal saturation flow rates for different countries.

Table 2.1 Values of ideal saturation flow rate for different countries

Ideal Saturation Flow

Rate

Country Manual

(pcu/hr/lane)
Malaysian Highwa
Malaysia -y Iy 1930
Capacity Manual (2006)

HCM 1985 1800
u.s HCM 1994 1900
HCM 2000 1900
Australia aaSIDRA 1950

The saturation flow rate is determined after the ideal saturation flow is to be taken

from HCM 2000. The Equation used to determine saturation flow rate is as follows:

S =5 N* fy, *fy *f *Fp *fop™ fa *TLu *Tir *frr *Fon™ frop (2.2)

Where,
s = saturation flow rate for subject lane group, expressed as a total for all

lanes in lane group (veh/h)
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S, = base saturation flow rate per lane (pc/h/In)

N = number of lanes in lane group

fiw = adjustment factor for lane width

fuv = adjustment factor for heavy vehicles in a traffic stream
fy = adjustment factor for approach grade

f, = adjustment factor for existence of parking lane & parking activity

adjacent to lane group

fo, = adjustment factor for blocking effect of all local buses that stop

within the intersection area
2 = adjustment factor for area type
fLu = adjustment factor for lane utilization
fur = adjustment factor for left turns in a lane group
frr = adjustment factor for right turns in a lane group
fLob = pedestrian adjustment factor for all left-turn movements

frpo = pedestrian-bicycle adjustment factor for all right-turn movements

Signalized intersection capacity is then estimated as the product of the effective

green split (Rouphail and Akcelik, 1996) and saturation flow rate. As the saturation

flow rate is being calculated, the capacity can be determined using the basic equation

used by all methods as shown below as:

c= S%g veh/hr (2.3)

¢ = capacity of the approach (veh/hr)
g = average effective green time (sec)
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C = average cycle time (sec)
S = saturation flow rate (veh/hr)

From the above value of capacity, we can now further determine the v/c ratio
which will help us in determining the value for delay. When carrying out a capacity
analysis and engineers will want to come up with a signalized intersection that has
appropriate values of the measures of effectiveness (MOES). Measures of effectiveness
are indices of the effectiveness of signalized intersection and also helping to improve
the traffic flow. Common bases of comparison include density, stops, congestion, delay,

lane occupancy, and queue length.

2.5.2 Delay Analysis

At-Grade Urban Signalized intersections were developed in England in the early
20th century. With the passage of time the introduction of these controls to manoeuvre
conflicting streams of passenger traffic and vehicular, researchers started to estimate
delays due to these controls and also developing the optimum signal timings so as to
minimize delay especially for pre-timed signals. Webster’s equation is the 1st equation
for measuring most delay developed in 1958 assuming practical distributions like

Poisson (random) arrivals with uniform discharge headways.

Akcelik further developed the delay equation by utilizing the coordinate
transformation technique to obtain a time-dependent equation that is applicable to
signalized intersections. In USA delay, is defined by HCM 2000, is the additional travel
time experienced by a driver, passenger or pedestrian. It includes the uniform delay,
incremental delay and initial queue delay. The Highway Capacity Manual (HCM) delay
equation is utilized in delay computations. The HCM 2000 propounds that delay is

computed using the following equation shown below:
d =d1(PF)+d2 (2.4)
Where,

0.5C (1-2)2
dl = 1-2)

= Tnod] (2.5)
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8kIX ] (2.6)

d2 =900T [(X—1)+J(X—1)2 +=—-

Where,
d = control delay, sec/veh
d1 = uniform delay, sec/veh
d2 = incremental delay, sec/veh
PF = delay adjustment factor for quality of progression
X = vl/c ratio for each lane group
C =cycle length, sec
T = length of analysis period, hours
k = incremental delay factor, dependent on control settings
| = upstream filtering/metering adjustment factor
c = capacity of lane group, vph
g = effective green time for lane group, sec

2.5.3 Level of Service Analysis

As discussed above, delay is one of the important parameter to measure and define
the level of service (LOS) for an at-grade urban signalized intersection, since delay not
only indicates the amount of lost travel time and fuel consumption but it is also
measures the frustration and discomfort of motorists. The factor on which delay
depends is red time, which is further depending on the cycle length. Reasonable levels
of service (LOS) can therefore be obtained for short cycle length, even the (v/c) ratio is
as high as 0.9. The LOS criteria are given in term of the average stopped delay per
vehicle during an analysis period of 15 min.

Level of service C described that level of operation at which delay per vehicle

ranges from 20.1 to 35 sec. Many vehicles go through the intersection without stopping
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at level of service C, but a significant number of vehicles are stopped. In addition, not
all vehicles at an approach clear the intersection during a few cycles (cycle failure). The
higher delay may be due to the significant number of vehicle arriving during the red
phases (poor progression) and or relatively long cycle lengths.

Level of operation at which delay per vehicle ranges from 35.1 to 55 sec is
described by level of service D. Vehicles are stopped at the intersection as a result
longer delay will occur at level of service D. The longer delay at this level of service is
due to a combination of two or more several factor that includes high (v/c) ratios,
unfavourable progression, and long cycle length.

Level of service E describes that level of operation at which the delay per vehicle
ranges from 55.1 to 80 sec. Individual cycle’s frequency fails at level of service E. This
long delay, which is usually taken as the limit of accepted delay, generally indicates
long cycle lengths, high (v/c) ratios, and poor progression. The number of individual
cycles failing is now noticeable in level of service E.

The average control delay per vehicle is being estimated for each lane group and
then aggregated for each approach and for the whole intersection. Level of service is
directly related to the average control delay values. The above discussion to find the

LOS is being shown below in tabular form:

Table 2.2 Level of Service from Control Delay (2000 HCM)
Control Delay / Vehicle

(s/veh)
<10
20-30
20-35
35-55
55-80
>80

Level Of Service (LOS)

M| m| O O W >

2.5.4 ICU Level of Service
The ICU Level of Service (LOS) gives us, how an urban signalized intersection is

functioning and how much extra capacity is also available to handle traffic fluctuations
18



and incidents. ICU is not only a value that can be easily measured with a stopwatch, but
it does give us a good reading on the conditions that can be expected at the signalized

intersection.
Letters from A to H shown in the table below describe the ICU level of service.

Table 2.3 Level of service criteria for ICU analysis

Intersection Capacity Utilization Level Of Service LOS
ICU
0-60% A
>60%0-70% B
>70%-80% C
>80%0-90% D
>90%-100% E
>100%-110% F
>110%-120% H

2.6 What is Synchro/SimTraffic

The software Synchro can optimize phase orders, splits, offsets and cycle lengths.
Synchro is user-friendly software. The major advantage of using Synchro is that an
actuated and coordinated network can be simulate and optimize. Electronic file can
easily import into the software so as to create the network of scale. Synchro has a data
conversion feature among models including CORSIM that is very useful for the user.
Another important feature is its map window that can display diagrams of traffic
volumes and lane configuration and also draw links, nodes to define the networks.
Editing is being allowed and volumes right on the map window and it is also convenient
to input the timing data in timing window. Graphical representation is being viewed

by using the splits and phasing diagram.

Synchro implements the Intersection Capacity Utilization (ICU) 2003 method for
determining intersection capacity of signalized intersection. This method is a
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comparison of the intersections ultimate capacity to the current volume. Synchro also
implements the methods of the 2000 Highway Capacity Manual (HCM) for signalized
intersections. Synchro provides an easy solution for timing optimization and single
intersection capacity analysis. In addition to calculating capacity, Synchro can also
optimize splits and cycle lengths. Synchro optimizes the split, offsets, and cycle length.
It is fully interactive, when we change input values, the results are updated

automatically.

New outputs which are shown in the timing window also include the queuing
penalty, queue length and stops, also the measures of effectiveness, the vehicle delay
and LOS etc. Another feature Synchro is its project management tools that include
tracking of multiple scenarios, dividing different projects into zones & split and

combine files.

2.6.1 Functions of Synchro/Simtraffic
e Analyzes and optimizes a network of signalized intersections.
e It provides a detailed summary report on Capacity.
e Level of service, Volumes, No of Lanes.
e Signal timing.
e  Queue lengths.
e  Blocking problems.

e  Delay/ stop and fuel consumption.
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Chapter 3

RESEARCH METHODOLOGY

3.1 Introduction

The purpose of this chapter is to discuss the methodology used for this research so
that to achieve research objectives those were discussed in Chapter 1. The chapter
contains a methodology for analysing the capacity, delays and level of service (LOS) of
at-grade urban signalized intersections. The analysis contains the existing traffic data on
an 1-8 signalized intersection, including the amount and distribution of traffic
movements, traffic composition, geometric characteristics, and details of intersection
signalization. The methodology focuses on the determination of LOS for existing and

projected conditions.

The methodology addresses the capacity, LOS, and other performance measures for
lane groups and intersection approaches and the LOS for the intersection as a whole.
Capacity is evaluated in terms of the ratio of demand flow rate to capacity (v/c ratio),
whereas LOS is evaluated on the basis of control delay per vehicle (in seconds per
vehicle). Control delay is the portion of the total delay attributed to traffic signal
operation for signalized intersections. Control delay includes, queue move-up time,
stopped delay, initial deceleration delay, and final acceleration delay.

The methodology for capacity analysis for urban signalized intersections is based
on known or projected signalization plans. Here we have a known -8 signalized
intersection. The procedure used consists of the data collection that is turning
movements counts on 1-8 signalized intersection, so to get the peak hour volume counts
which further give us the peak hour factor. This peak hour volume and peak hour factor
is further being used along with the existing cycle length and existing green time to
determine the existing overall delay, capacity of each movement and for whole signal
along with LOS and ICU with the help of software Synchro/simTraffic. The software
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used also optimizes the existing signalized intersection. This will further help us to find

the solutions for future.

I Selection of Site

I Data Collection

Determination of Peak
Hour Volume

I Data Processing Current Year

Hour Factor

IDetermmatlon of PeakI _I Existing Conditions

Projection for n years

Traffic Analysis
(Delays, LOS, ICU)

Current Year

-I Improved Conditions

Projection for n years

I Data Analysis I—

Current year

-I Existing Conditions

Environmental Impact Projection for n years
Analysis
Emissions of COx, NOx,
voo) Current year

-I Improved Conditions

Projection for n years

e R e T e R e

Figure 3.1 Flow Chart of Research Methodology

3.2 Method of Analysis of Signalized Intersections

Different methods are being used for the analysis of existing signalized

intersection. The methods used are as follows:

e Quick Estimation Method
e Highway Capacity Manual (HCM)

e Arterial and Network Timing Models
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e Microscopic Simulation Models

The method used here for the analysis of existing 1-8 urban signalized intersection
is HCM 2000.

3.3 Data Collection and Collation

The first step for the evaluation of signalized intersection is to collect the traffic
data that is turning movement counts on the selected site. Our selected site is Koral
Chowk signalized intersection on Islamabad highway. As our signal is pre-timed signal
control, so, we have to collect the data for three days of week including weekday peak
hours, weekend peak hours and holiday peak hours. So the days are Tuesday, Friday
and Sunday. Here we collect the data of morning peak hour’s starts from 8-11 am &
evening peak hour’s starts from 4-7 pm. Two options are available to collect the data

signalized intersection. The options are:

e Manual Collection

e Jamar Traffic Data Collector

3.3.1 JAMAR Traffic Data Collector

Jamar data collectors are being used and known worldwide as the best. It is the
most effective and efficient way of collecting traffic data manually. The JAMAR TDC
Ultra is a single most effective and powerful hand-held tool for collection of traffic data
now days. With the help of this one recorder, we can save countless hours by
electronically collecting many types of traffic related data for easy download and also
doing analysis with the powerful software known as PETRAPro.

The Jamar traffic data collector is an electronic hand-held device that enables us to
measure the turning movement. An OFF/ON switch on top of the unit is being used to
turn it on and off. A four line by 20-character display on the screen that helps us to
select the proper entries. The bottom lines of the display explain the option that is
highlighted.

Two buttons are used to move from one menu to another menu, and to select from
the options as shown on the display screen. The TAB key is being used to cycle through

the options and the DO key is used being to select an option.
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Turning movement data is being easily collected from Jamar TDC as easy and
accurate. The buttons are arranged as to simulate a standard signalized intersection.
There are 16 buttons, in which 12 are used as for the left, through, and right movements
from all the four approach directions. The additional four buttons are being defined by

user; they can be used for pedestrians, bicycles, or whatever we want.

Figure 3.2 JAMAR TDC
The Jamar TDC Ultra looks like a 4-leg intersection, while doing a count is very

intuitive. The Jamar TDC keeps track of everything else for us. At the end of every

interval, the data is being automatically stored.

3.3.2 On Field Data Collection

As per selected site of Koral Chowk signalized intersection, we have to collect the
turning movement counts on morning peak hours from 8 to 11 am and evening peak
hours from 4 to 7 pm of Tuesday, Friday and Sunday. Fig 3.3 and Fig 3.4 shows below
the pictorial view of existing at-grade urban signalized intersection at Koral Chowk
Islamabad. Appendix-A shows the morning and evening peak hours turning movement

counts, peak hour volume counts along with the peak hour factor (PHF).
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Figure 3.4 An image of Koral Chowk
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Figure 3.6 Graphical Representation of Peak Hour VVolume on Friday Evening
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Table 3.1 Summary Sheet of Morning and Evening Traffic Counts for Weekend,
Holiday and Weekday

LOCATION: KORAL CHOWK, ISLAMABAD

Date 06/03/2015 FRIDAY

Time From North From South From West From East
Left Through Right Left Through Right Left Through Right Left Through Right
Morning 91 615 643 4939 1010 1245 206 3132 4157 1575 8820 940
Evening 90 463 4804710 651 1608 517 9132 4837 878 3764 301
Date 08/03/2015 SUNDAY

Time From North From South From West From East
Left Through Right Left Through Right Left Through Right Left Through Right
Morning 125 670 493 1977 643 578 192 1465 1859 651 4369 716
Evening 179 935 685 2678 889 298 264 2016 2549 1047 6022 972
Date 10/03/2015 TUESDAY

Time From North From South From West From East
Left Through Right Left Through Right Left Through Right Left Through Right
Morning 192 1209 920 7071 1418 1763 296 4390 5975 2282 12501 1404
Evening 158 789 808 7893 1140 2800 875 14978 8133 1517 6307 514

3.4 Input Parameters

The input information that is being required for conducting an operational analysis

for urban signalized intersections, a summary of it is given below. The data needed by

us are detailed, varied and fall into three main categories. These categories are

geometric, traffic, and signalization.

3.4.1 Geometric Condition

Urban signalized intersection geometry is presented in diagrammatic form and it

also includes all of the relevant information, including the number and width of lanes,

approach grades, and parking conditions. The existence of exclusive right-turn or left

turn lanes must be noted, along with storage lengths of such lanes.
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The onsite existing geometric parameters that should be important for the analysis

of Koral Chowk signalized intersection are as follows:

e Areatype

e Number of lanes, N

e Auverage lane width, W (ft)

e Grade, G (%)

e Existence of exclusive LT or RT lanes

e Length of storage bay, LT or RT lane, Ls (ft)
e Parking

3.4.2 Traffic Conditions

Traffic volumes (for oversaturated conditions must be used) for the signalized
intersection. In our case the signalized intersection is oversaturated and we have to take
the turning movements counts of each specified approach. The existing volume that is
being collected is the flow rates in vehicles per hour (v/h) for the 15-mins analysis
period. From the 15-mins analysis period the peak hour volume and peak hour factor of
signalized intersection is being obtained as in our case we have already obtained the

peak hour volume counts and peak hour factor.

Vehicle type distribution is another factor that should be kept in mind while doing
analysis in our case it is quantified as the percent of heavy vehicles (% HV) in each and
every movement, where the heavy vehicles are defined as those vehicles with more than
four tires touching the road. The number of local buses on all approaches should be
identified, including only those buses having a stop to pick up and discharge passengers
at the signalized intersection (on either the departure or approach side). Buses not
making such stops are considered to be heavy vehicles.

The onsite existing traffic conditions parameters that should be important for the

analysis of 1-8 urban signalized intersection are as follows:

e Demand volume by movement, V (veh/h)
e Base saturation flow rate, so (pc/h/In)
e Peak-hour factor, PHF
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e Percent heavy vehicles, HV (%)

e Approach pedestrian flow rate, vped (p/h)

e Local buses stopping at intersection, (buses/h)
e Parking activity, Nm (maneuvers/h)

e Approach speed, SA (mi/h)

Here in our case no extra lane is given for Pedestrian and bicycle so there factor
are not to be consider. Same as for local bus stop as no local buses are on the route so
there factor is not to be consider. Similarly for parking as no parking is there on our
selected signalized intersection site so the factor for parking activity is not to be

considered.

3.4.3 Signalization Conditions
Complete information regarding signalization is needed to perform an analysis.
This information includes a phase diagram illustrating the phase plan, cycle length,

green times, and change-and-clearance intervals.

The onsite existing signalization conditions parameters that should be important
for the analysis of selected urban signalized intersection are as follows:

e Cycle length, C (s)

e Greentime, G (5)

e Yellow-plus-all-red change-and-clearance interval
e (intergreen), Yellow (s)

e Actuated or pretimed operation

3.5 Analysis According to HCM 2000

Once we get all the existing traffic count data and traffic related data that is
required for the analysis of at-grade urban signalized intersection, we have to perform
the analysis according to HCM 2000 rules. According to HCM 2000 analysis is being
performed manually or by using those software’s doing analysis according to HCM
2000 rules. Here we used Synchro/simTraffic version 8.0 to perform the analysis of

selected at-grade urban signalized intersection. As mentioned in chapter 2, following
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operations are required to do the performance evaluation of at-grade signalized

intersection, these are:

e Capacity Analysis
e Delay Analysis
e Level of Service (LOS)

e |ICU Level of Service

3.6 Summary

This chapter involves the methodology that has been followed to carry out this project
in order to find out the results for existing conditions as well as for improved
conditions. It involves the data collection whose summary has been given for weekdays,
weekends and holidays in which we can find out that the peak hour volume is of
Tuesday Evening and this volume will be used for further analysis.
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Chapter 4

DATA ANALYSIS AND RESULTS

4.1 Introduction

In this research, Synchro/simTraffic version 8.0 was used for the evaluation of
existing at-grade signalized intersection. The analysis includes the determination of
capacity analysis, delays analysis, level of service and ICU level of service on existing
conditions. Then optimization is being done so as to evaluate how the existing
signalized intersection make more efficient and how the existing delays, capacity, level
of service and ICU level of service make better, so as to reduce the number of delays,
increase the capacity, make the level of service and ICU level of service better. Section
4.2 is an introduction about how the available data is being used to do the analysis using
Synchro/simTraffic.. Section 4.3 show the existing delays, capacity, level of service and
ICU level of service along with saturation flow rate, v/c ratio of all approaches and for
the entire intersection. Section 4.4 shows all the above mentioned factors as discussed
in section 4.3 after optimization with Synchro/simTraffic. Section 4.5 shows the

comparison of results before and after optimization with Synchro/simTraffic.

4.2 Data Entry

This section describes the step by step procedure for the analysis and then

optimization of signalized intersection using the software Synchro/simTraffic.

4.2.1 Layout Map of Koral Chowk

Koral Chowk urban signalized intersection is a 4-leg signalized intersection. It
consists of Main Street (EB towards Rawalpindi and WB towards Islamabad) and
Minor Streets (SB towards Benazir Airport and NB towards Koral Community). EB and
WB consist of five through lanes. NB consist of one through right turn lane, one left
turn lane and one right turn lane. SB consists of one right turn through lane, one left

turn lane and one right turn lane. Each lane is 12 feet wide. Left turn lane is separated
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by an island at WB and NB. The existing cycle length is 290 seconds. Existing green

time for WB is 100 seconds for through movements (including right turn movements).

Existing green time for EB is 100 seconds for through movements (including right and

left turn movements). Existing green time for NB is 60 seconds for through movements

(including right turn movements). Existing green time for SB is 30 seconds for through

movements (including right and left turn movements). Yellow times for all approaches

are 3.5 seconds and all red time for all approaches are 0.5 seconds.

4.2.2 Lane Window of Synchro

Ideal Saturation Flow is taken to be as 1900 veh/hr/lane.

Lane Width is taken to be as 12 ft.

As it is an at-grade signalized intersection so 0% grade is to be taken.

Avrea type can be Central Business District or Other and there is an area type
adjustment factor that is (0.9 for CBD and 1 for other areas) here we taken 1.
Storage length is the number of lanes in the left or right storage bay. We take
400 ft for right storage lane.

Total Lost Times take to be as 4 seconds for ideal situations.

Storage Lane is one for right turn movement for EB movements.

Leading Detector and Trailing Detector are only applicable for actuated
signal analysis. As our case is pre-timed so they are not applicable in our
case.

Turning Speed is taken to be as 25 kph for left turn movement for WB and
NB movements because of the provision of island and 15 kph for all other
approaches.

Lane Utilization Factor, FLU if there is more than one lane in a lane group
and the lanes are not used equally, then we have to adjust the saturation flow
in each of lane accordingly according to HCM 2000 and Synchro/simTraffic,
so if number of lane is one then the lane utilization factor for left/right and
thru lane is 1.But if number of lane is 2 or more as in our case then for thru
or shared lane we take FLU=0.95 as in case of SB through movements.
FLU=0.86 for four or more through or shared lanes. This value is used for

EB and WB through movements.
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Right Turn Factor, FRT is taken to be as 0.85 according to HCM 2000 for
exclusive lane (permitted case) and Left Turn Factor, FLT is taken to be as
0.95 according to HCM 2000 for exclusive lane(separated by island).

Right Pedestrian Bike Factor, FRPB and Left Pedestrian Factor, FLPB are
not applicable in our case as no separate pedestrian signal is provided and no
separate lane for bike is provided.

Saturation flow rate is being calculated by Synchro/simTraffic by using the
formula as discussed in chapter 2 of section 2.5.1.

Saturated Flow Rate (RTOR) is automatically calculated by
Synchro/simTraffic based on the signal timing.

Curb radius is taken to be 100ft for free lanes separated by island.

Left turn factor (prot) is being calculated by Synchro/simTraffic.

Right/left turn on red is not allowed.

4.2.3 Volume Window of Synchro

Peak hour traffic volume for each movement is being given to
Synchro/simTraffic with directions as thru, right and left turn to all four
approaches.

As there is no Conflicting ped/hr and Conflicting bikes/hr because no
separate lane or lanes are being provided for both, so they are considered.
Peak Hour factor or factors that are being calculated for all lanes are to be
given to Synchro/simTraffic.

Growth Factor is calculated as GF= (1+r)", here r= growth rate and Y=
number of years. As analysis is being done on current year so it is taken to 1.
Heavy Vehicle (%) as it is an urban signalized intersection there is not much
of heavy traffic so we take default value of heavy vehicle percentage that is
2.

As no adjacent parking lane is available, so it is not considered.

Bus Blockages (#/hr), Presence of Parking Lane & Parking Maneuver
(veh/hr) these factors are not consider as discussed in chapter 3 of section
3.4.2.
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Adjusted Flow and Lane Group Flow is being calculated by
Synchro/simTraffic using the formula shown below:
Volume*PHF*GF (4.2)

4.2.4 Timing Window of Synchro

Controller type, we must specify the controller type as pre-timed, actuated
coordinated, actuated uncoordinated, semi actuated uncoordinated,
unsignalized and roundabout. As in our case it is a pre-timed signalized
intersection.

Cycle length is taken to be as 290 seconds on existing conditions.

Turn type is being selected as protected for all right turn movement and left
turn movements except for left turn movement on WB and NB movements
because left turn movement is separated by island.

A typical value of minimum initial of 4 secs is to be taken.

A typical value of minimum split of 8 secs is to be taken.

Yellow time is taken to be as 3.5 sec and all red time is taken to be as 0.5
secs as discussed in section 4.2.1.

Actuated effective green and actuated g/c ratio is not to be considering as we
are doing analysis on pre-timed signalized intersection.

Capacity analysis is being done by Synchro/simTraffic automatically using
the formula as discussed in chapter 2 of section 2.5.1.

Once the capacity of all approaches and for whole intersection is being
obtained then v/c ratio is being calculated.

Control delays of all approaches and for whole intersection is being
calculated by Synchro/simTraffic as discussed in chapter 2 section 2.5.2.
Level of service for all approaches and for whole intersection is being
calculated according to the delay criteria as discussed in chapter 2 of section
2.5.3.

ICU level of service for whole intersection is being calculated according to

the criteria discussed in chapter 2 of section 2.5.4.
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4.3 Existing Results before Optimization

As the analysis is being done on Synchro/simTraffic version 8.0 so we should
know the existing condition of I-8 signalized intersection. Synchro/simTraffic has the
quality not only to optimize the signalized intersection but also show us the existing
traffic condition. Here we discuss the existing traffic condition and their results before

optimization.

Fig 4.1 shows us the Synchro/simTraffic result showing the turning movement
volume counts of all approaches and also show the directions. Fig 4.2 shows the v/c
ratio of all approaches. Here those approaches where the v/c ratio is greater than 1 are
critical and these approaches are to be optimized which in our case can be seen that
each and every approach needs optimization. Fig 4.3 shows us the intersection control
delay of all approaches and also the overall intersection control delay. As we know
where the control delay is greater than 80 or more then level of service for that approach
is F as discussed in chapter 2 of table 2.2. The approaches where the control delay is
greater than 80 or more are to be optimized by Synchro/simTraffic so as to make them
less than 80 which also reduces the level of service for that approach from F to E or D
so on. Fig 4.4 shows us the intersection level of service that is F and turning
movement’s counts of all approaches as discussed before. As we discussed that where
the control delay is 80 or more than the existing level of service is F. Here the control
delay is 160.7 so the existing level of service is F. The existing level of services of all
approaches is being shown in appendix-I. Fig 4.5 shows us the intersection capacity
utilization (ICU) that is 195.5%. As we discussed in table 2.3 of section 2.5.4, if ICU is

120% or more then level of service is H.
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Figure 4.3 Intersection Delays and Movement Delays before optimization
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Figure 4.5 Intersection Capacity utilization (ICU) before optimization

4.4 Results after Optimization

After the optimization of Koral Chowk urban signalized intersection, the results are

changed from existing condition. But still the intersection level of service remains the
same that is F. The ICU is also remains the same as 217.4%. The changes occur in

capacity, v/c ratio and the intersection control delays of all approaches and intersection

overall delay.
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Fig 4.6 shows the v/c ratio off all approaches after optimization in which 2.89 is
the maximum v/c ratio. Still there are approaches where the v/c ratio is greater than 1,
so these approaches still need solution so as to make their v/c ratio less than 1. Fig 4.7
shows us the intersection control delay of all approaches and also the overall
intersection control delay. The result shows us that there is changes occur in control
delays of all approaches and also the control delay of overall intersection. Here the
overall intersection control delay is reduces from 844 to 719.3, but still there is no
change occur in the level of service as it remains the F. It is because the control delays
are still greater than 80 as discussed in chapter 2 of table 2.2. Fig 4.8 and fig 4.9 shows
level of service and ICU along with the turning movement counts. Both level of service
and ICU remain the same as before the optimization. The ICU level of service also

remains the same as H, shown in appendix II.
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Figure 4.6 Volume to capacity ratio of all approaches after optimization
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Figure 4.9 Intersection Capacity utilization (ICU) after optimization

4.5 Results Comparison

There are differences between the existing results and after optimization results of
Koral Chowk urban signalized intersection. Here we present the differences between the

existing conditions and after optimization conditions.

Table 4.1 Comparison of results before and after optimization

Parameter Before Optimization After Optimization
Cycle Length 306 300
Control Type Pretimed Pretimed

Max V/C Ratio 4.26 2.86
Intersection Signal Delay 844.0 719.4
Intersection Capacity 217.4% 217.4%

Utilization (ICU)

Intersection LOS

ICU LOS H H
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4.6 Comparison of Simulation Results Before and After Optimization

Table 4.2 tabulates the comparison of average results before and after optimization.

Table 4.2 Simulations results comparison before and after optimization

Run Number Before Optimization After Optimization
Start Time 6:57 6:57
End Time 7:10 7:10
Total Time (min) 13 13
Time Recorded (min) 10 10
# of Intervals 2 2

# of Recorded Intervals 1 1
Vehs Entered 1110 1065
Vehs Exited 1064 1000
Starting Vehs 384 436
Ending Vehs 430 500
Travel Distance (mi) 401 377
Travel Time (hr) 268.5 266.1
Total Delay (hr) 254.2 252.5
Total Stops 1100 1088
Fuel Used (gal) 72.5 71.3

4.7 Synchro Results after 5 years

Using the traffic growth rate of 15% and projecting the traffic to 2020, the results
have been calculated using Synchro.

Fig 4.10 shows us the Synchro/simTraffic result showing the turning movement volume
counts of all approaches and also show the directions. Fig 4.11 shows the v/c ratio of all
approaches. Here those approaches where the v/c ratio is greater than 1 are critical and
these approaches are to be optimized which in our case can be seen that each and every
approach needs optimization. Fig 4.12 shows us the intersection control delay of all
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approaches and also the overall intersection control delays. Fig 4.13 shows us the
intersection level of service that is F and turning movement’s counts of all approaches
as discussed before. Fig 4.14 shows us the intersection capacity utilization (ICU) that is
424.8%.
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Figure 4.11 Volume to capacity ratio of all approaches in 2020
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Figure 4.14 Intersection Capacity utilization (ICU) in 2020
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4.8 Summary

This chapter includes the data entry into the software. It involves and explains all the
parameters that are required by Synchro to carry out the analysis including lane
information, layout map, volume data and timing details i.e. phasing. This chapter gives
results of the existing conditions before optimization such as v/c ratio, delays, LOS and
ICU as well as after optimization. A comparison has also been drawn to compare the

results before and after optimization.

The existing conditions have also been projected for five years using a growth factor of
15% to see the results and conditions during 2020 and are compared with existing

results.
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Chapter 5

RECOMMENDED SOLUTIONS AND ENVIRONMENTAL
IMPACT ASSESSMENT

5.1 General

The Research was primarily aimed at studying the performance evaluation of at-
grade urban signalized intersection. After all the analysis, it is found that the LOS of the
intersection even after optimization remains the same i.e. F. In such cases, we go for a
grade separated facility such as flyover etc. to improve the performance of the facility.
This chapter deals with the ways to improve the performance of facility and discusses

its analysis.

5.2 Proposed Solution

As the LOS of the whole intersection after optimization remains the same i.e. F,
therefore the only solution is grade separation.

A grade separated facility i.e. a flyover carrying the EBR traffic will improve the
existing conditions. Add one lane to EBT and WBT direction so that total number of
lanes in EBT and WBT becomes 6. Provide an exclusive lane in all directions each
having a curb radius of 150m. Provide 2 storage bays each of length 400m in EBL,
WBL, WBR, and NBR direction. Provide one storage bay of length 400m in EBR
direction. The EBL and WBL storage bays will accommodate for traffic turning in the

specified directions.
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Figure 5.1 Proposed layout of Koral Chowk

Yellow time will be taken as 3.5 seconds. All red time is taken as 0.5 seconds. A total of
4 phases will be installed. The 1% phase will carry the EBL and WBL traffic having a
total split of 32 seconds. The 2" phase will carry the EBT and WBT traffic having a
total split of 74 seconds. The 3 phase will carry the NBT and NBL traffic having a
total split of 60 seconds. And the 4™ phase will carry the SBT and SBL having a total
split of 34 seconds. The total cycle length in this way will be reduced from 306 seconds
to 200 seconds. Figure 5.2 shows the v/c ratio of all approaches. Figure 5.3 shows the

control delays of all approaches.

Islamabad Expresswgﬁj
161

Figure 5.2 V/c ratio of Proposed layout of Koral Chowk
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Figure 5.3 Control delays of Proposed layout of Koral Chowk

5.3 Projection till 2020

Using a growth factor of 15%, the existing data is projected till 2020 to observe the
results after 5 years. The details are given below.

Figure 5.4 shows the v/c ratio of the proposed facility in 2020. Figure 5.5 shows the
control delays of the proposed facility in 2020.
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Figure 5.4 V/c ratio of proposed facility in 2020
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Figure 5.5 Control delays of all approaches of proposed facility in 2020

5.4 Comparison of results before and after improvement

Table 5.1 shows the comparison of results before and after improvement, both for
2015 and 2020.

Table 5.1 Comparison of results before and after improvement

Existing Improved Existing Improved
Parameter
2015 2015 2020 2020

Cycle Length 306 150 150 220
Max v/c ratio 4.26 2.12 6.59 5.59
Control Delay 844 267.8 2161.1 1003.9
Intersection Capacity

o 217.4% 172.4% 424.8% 334.8%
Utilization (ICU)
Intersection LOS F D F F
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5.5 What is Environmental Impact Assessment?

Environmental impact assessment is a formal process whereby we predict the
environmental consequences (positive or negative) of a plan, policy, program or project
prior to the implementation decision; it suggests measures to adjust consequences and
impacts to an acceptable level or else look for better technological solutions. Sometimes
this assessment may lead to difficult economic decisions complemented with political
and social concerns, environmental impact assessments protect the environment by
providing a firm basis for efficient and sustainable development. The first EIA system
was established on the 1st January 1970 by the US National Environmental Policy Act
(NEPA). The implementation of this legislation was sought primarily as a response to
political factors which included changing scale and nature of industrial development
post World War 1I, increase in public distaste about environmental consequences of
economic development and the failure of previously utilized methods to make such

decisions including Cost Benefit Analysis.

The primary Objective of such an Assessment is to educate the decision makers
about the possible consequences that their expected decisions face. The International
Association for Impact Assessment (IAIA) defines an Environmental Impact
assessment as “The process of identifying, predicting, evaluating and mitigating the
biophysical, social, and other relevant effects of development proposals prior to major
decisions being taken and commitments made”. EIA’s do not require close submission
to existing norms and predetermined values for the environmental deterioration
parameters. These numbers only serve as a reference for the decision maker to justify

his/her decision in light of the various concerns and impacts.

5.6 Description of Existing Environment

The last decade has seen an unprecedented increase in vehicular emissions in the
Koral Chowk Intersection, Islamabad interlinking the busiest of arterials amongst the
city, resulting in severe traffic congestion and bottlenecks formations which is the root
cause contributing towards excessive delays, unacceptable air and noise pollution, and
related socio-economic problems for the daily highway users. The improvement of the

overall traffic conditions along the Koral Chowk, Islamabad is the primary objective of
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this comprehensive traffic study being performed for this intersection. The study’s main

objectives are as follows:

e To provide for smooth, uninterrupted traffic movements along the Intersection

e To reduce delays and traffic congestion at the major junctions

e To reduce the travel times along the Intersection

e Reduce the noise and air pollution due to static vehicles at intersections

e To minimize the economic losses due to traffic congestion and delays along the

Intersection

In short, the main study objectives of conducting this project are to improve the
overall traffic flow efficiency along the intersection achieved through the coordination
of signals and the subsequent implementation of traffic management plans at
intersection, resulting in considerable decrease in traffic delays, lower fuel consumption
which in turn leads to fewer environmental problems. Not only the environment will be
better placed after the implementation of the proposed traffic plans, but also they will
encourage the alleviation of socio-economic problems encountered by the road users

who travel through Koral chowk.

5.7 Economic Impact Analysis

The government of Pakistan’s 2011 Framework for Economic Growth (GoP 2011b)
seeks to propel Pakistan towards a highly sustainable economic growth plant that will
see it attain a growth rate of approximately 7 percent a year. The trade and transport
reforms from the cardinal principles behind this framework as the government
recognizes the true importance of an efficient carrier network of goods and passenger
that will bolster the economy only higher. The transport sector constitutes 10 percent of
Pakistan’s gross domestic product (GDP), providing employment to approximately 6
percent of total work force. The sector forms key linkages to other sectors of the
economy contributing towards the facilitation of the spatial transformations occurring in
Pakistan. The patterns of transport and logistics experienced at this time have been
effecting the country’s GDP by a hefty chunk of 4-6%.

Hence it is imperative that transportations systems are designed to their optimum

conditions as to reap the rewards of such a system by generating revenues for the
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country. It is evident that how big a contribution these transport entities provides in
terms of income to the country as well for the people who form the chunk of the
workforce. Federal and provincial governments meanwhile can also levy taxes that

further increase the country’s treasury.

The level of transportation facilities determines the energy consumptions (fuel
consumption) by the vehicles with subsequent betterments in traffic stream
characteristics and will consequently lead towards improvements in traffic operations
which will lower the energy consumptions saving precious fossil fuels and adding to the
economy as a whole. For sustainable transportation projects, the important goals are to
reduce fuel consumption and resulting emissions caused by the burning fuels resulting
in air pollution. A reduction in fuel consumption can be guaranteed by improving traffic
flow conditions along the highways and urban arterials by utilizing the latest, state of
the art technologies.

These technologies vary in form and function. First and foremost recent industrial
developments have led to the manufacture of fuel efficient automobiles with much
lesser emissions than their counterparts. This efficiency is brought about by using
catalytic converters which convert the harmful gases into harmless greenhouse gases.
These, however are not ideal in the numbers they have been emitted over recent past
hence better engine technologies are envisaged to reduce such emissions. Traffic safety
can be provided by better use of traffic control devices and integrated traffic
management systems as well as the intelligent transport systems branch. Increase in
traffic volumes can be alleviated by using GPS and GIS application in sync with live
traffic forecasting models.

The most basic of these measures is to reduce the fuel consumption by minimizing
the static time spent by automobiles at busy intersections. Signal coordination methods,
traffic management plans ensure that these delays are reduced to an extent that they
considerably contribute towards lowering of the emission amounts. This aspect of the
transport model can be corroborated by studying past intersection analysis studies
which show a direct correlation between emissions and increased delays. This matter of
fact makes the present day engineer more aware of this surroundings and aiming to
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provide better transport models that can prove to be sustainable in addition to providing

the traditional road user benefits of convenience, safety and comfort.

It can be stated with increased amounts of certainty that under the prevalent
conditions, converting a signalized intersection into an interchange will result in
uninterrupted  traffic  flow  preventing the driver from  unnecessary
deceleration/acceleration while approaching the intersection at a constant speed without
the urge to apply hard braking near stop lines of the intersection resulting in fuel
efficiency. In today’s world everything is interlinked to virtually every other thing
making the roads connecting these items of necessity and luxury seen as an economist’s
worst nightmare. The potential impacts studied include direct, indirect and cumulative
impacts of the project. Cumulative impacts are the incremental impacts that the
project’s direct or indirect effects have on a resource in the context of the multitude of
other past, present and future effects on that resource from unrelated activities. This
usually translates to commodities which are being transported through these
transportation systems. Below are some of the comparison performed which explain the
cost comparison between built scenario costs (improved traffic intersection) and no
built scenario (if prevailing conditions remain in the future as well) costs. The charts
clearly demonstrate the traffic corridor with suggested improvements (traffic
management, signal coordination etc.) will yield economic benefits of lowering the fuel
consumption which in turn lowers costs. The first table depicts the annual costs
associated with the prevalent delays present in the traffic corridor and a scenario where

these have been reduced.

For the purpose of this study the output of Synchro “fuel usage (gallons) was
utilized. This fuel usage was multiplied by a conversion factor to obtain fuel usage in
litres as this is the unit prevalent in Pakistan for measuring fuel rounded off to the
nearest litre with the prevailing fuel prices. In this case as of May 25 2015, the rate set
by OGRA was found to be RS. 74.29 per litre, this number was multiplied by the fuel
consumed in litres at every intersection to obtain the total costs for fuel consumption per

peak hour of the vehicles passing through the respective intersections.
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Figure 5.6 Fuel Costs for Existing and Improved Scenerios

5.8 Social Impact Analysis

The social impacts of transport facilities are unique in terms of how they affect the
users as compared to other forms of impacts such as economic, environmental and
convenience. Social environment differs from place to place and this impact depends
upon the level of anticipation, social change interpretation and affected population
resilient index. In recent years, more concentration is given to the effect of
transportation on the society while regard for road users is kept to a bare minimum. The
social aspects of transportation system can be better quantified by keeping in mind the

following two notions:

e These effects could be substantial

e They affect the quality of life of the people

For the analysis, it is important to apply the best possible method because social
and economic effects of transportation system are generally complex because of the

following four reasons:

e There must be a balance between the benefits provided to the users of the
facility and community residents
e Major and minor effects of the system on the communities are also considered

in the analysis
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e There are population groups in the communities, the might be affected in
different ways in terms of mixes of effects
e The preference and acceptability of something vary from person to person.

Something that is acceptable to someone might not be acceptable to others.

The changes in transportation system are substantially influenced by changes in
transportation costs. These costs include the travel time, safety and operating cost of the
vehicle. Hence an important doctrine to keep note of is the inability by the transport
planning authorities to cater for everyone’s needs. There has to be a balance stricken
and priority matrices devised in ordered to best meet the demands of the population at

large with fewer exceptions.

5.9 Environmental Impacts

A major issue discussed on global forums has been the increasing contribution of
the transport sector towards greenhouse gas emissions emanating from the never
ceasing fossil fuels culminating in consequential global warming and climatic change.
Although there have been a number of technological advancements over the past few
years which has resulted in improved vehicle and engine design and maintenance
technologies, zeroing in at minimizing fuel usage, increasing speed , engine
performance and the enhancement of its life. Such advances have also pushed for more
developments in transport sector with newer methods being utilized for road
construction and design, planning urban settlements, laying a great deal of emphasis on
cleaner burning fuels. The planning, optimization of resources, and application of
scientific methods has resulted in addressing the problems which are relatively new in

their origin.

Air pollution poses a great risk to the road users as well as the populace that make
up the habitat surrounding these busy road networks. Transportation contributes
towards ambient air pollution, a major health risk and prevalent in our country
according to a World Bank report. The main sources of these pollutants include static as
well as mobile sources. The transportation sector’s share in the ambient air pollution
caused in urban areas is considerable. According to a similar World Bank report there

have been 22600 deaths reported per year, directly or indirectly attributed to ambient air
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pollution. A 2011 report puts the number of pollution related deaths to 10,000 in the
province of Sindh alone.

Quantifying the parameters associated with the enumeration of the effects that
transportation entities pose on the environment is such a tricky task. However, software
such as SYNCHRO lets us simulate traffic flow conditions according to volume of
parameters which can help us distinguish the effects that automobiles have on
subsequent charts will show the differing amounts of these pollutants expected at

various intersections along the study area.

5.9.1 CO Emissions

CO or Carbon Monoxide emissions are a common occurrence in the exhaust
fumes of the vehicles. High level of CO are extremely dangerous and can lead to death
in extreme scenarios, for example turning on the ignition of a vehicle inside a closed
garage. A number of diseases are caused by this pollutant and it is imperative to keep
the daily intake of CO to minimum as it affects the efficiency of the Red Blood Cells of
the human body to carry out its function of delivering oxygen to every component of
the body. The following comparisons show emissions for current (2015) and 5-year
projection (2020).
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Figure 5.7 CO Emissions For Existing and Improved Conditions
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5.9.2 Oxides of Nitrogen

Oxides of Nitrogen (NOy) consists of Nitric Oxide (NO), Nitrogen dioxide (NOy)
and Nitrous oxide (N,O). The formation of these oxides is due to mixing of Nitrogen
and Oxygen gases. Although they occur naturally, they are also associated with
anthropogenic activities with the primary source being the burning of fossil fuels. Its
harmful effects include toxicity to plants, as well as acting as a secondary pollutant;
mixing with primary pollutants with deleterious effects. The following comparisons
show emissions for current (2015) and 5-year projection (2020).
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Figure 5.8 NO Emissions for Existing and Improved Conditions

5.9.3 Volatile Organic Compounds

Volatile organic compound is a substance containing carbon that evaporates at low
temperatures. Examples include styrene, heptane and benzene among others. The
burning of fossil fuel is also a contributor towards the emission of these VOC’s into the
environment. It causes smug and misty formations that make the air dense and difficult
to breathe in with people having slight respiratory problems becoming more vulnerable
to serious infections. The following comparisons show emissions for current (2015) and

5-year projection (2020).
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Figure 5.9 VOC emissions for existing and improved conditions

5.10 Summary

This chapter involves the infrastructure intervention technique used to improve the
conditions both for existing year and for a projection of 5 years i.e. 2020. The existing
traffic count was used to see the results and conditions after improvement. Then a

comparison was drawn to see the impact of improvement.

Environmental Impact Assessment was carried out to see the economic as well as
environmental impacts study. It was carried out for 4 conditions i.e. existing conditions
before improvement for 2015, improved conditions 2015, existing conditions before
improvement for 2020 and improved conditions 2020 and a comparison was drawn to

see the effect of improvement.
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Chapter 6

CONCLUSIONS

6.1 Summary of Findings

The Research was primarily aimed at studying the performance evaluation of at-
grade urban signalized intersection. It includes the performance of existing condition
and to know how we improve the existing conditions after optimization using the
software synchro/simtraffic. This study help us to know how we can check the existing
performance of at-grade urban signalized intersection and also how we optimize it to
make it more efficient. This study not only helps us in the optimization of at-grade
urban signalized intersections of Pakistan but the study also helps us outside the
Pakistan. To optimize the existing signalized intersection it’s very important to know
the existing conditions. For this a field survey was carried so as to calculate the turning
movement counts on our selected site. Here the selected site is Koral Chowk urban
signalized intersection which is an at-grade signalized intersection. The field data was
carried out on three different days of a week. According to HCM 2000 these days
include the week day when the traffic is maximum, the weekend and the holiday. We
select Tuesday, Friday and Sunday. Here we count the three hours traffic and turning
movements’ data which is also the peak hour of that day. After the data collection we
have to find the peak hour of that day. As we get the peak hour of that particular day we
have three peak hours one for Tuesday, one for Friday and one for Sunday. The one
which is maximum of these three is the peak hour of that week. Once we got the peak
hour of that week we have to find the PHF. Now we have the peak hour turning
movement count along with the PHF. The analysis of results we obtained was carried
out by using software synchro/simtraffic version 8.0. The synchro/simtraffic is a
powerful analysis software which not only give us the existing capacity, saturation flow
rate, level of service of all approaches and for whole intersection, intersection capacity
utilization and its level of service, uniform delay, incremental delay and control delay

and v/c ratio of all approaches, that are required for performance evaluation of at-grade
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signalized intersection. At the same time synchro/simtraffic optimize these above
mention variables to make the signalized intersection more efficient.
After traffic analysis, the basic aim was to study the economic and social impacts
of Koral chowk both for existing and improved conditions, both for 2015 and 2020.

6.2 Conclusions

Some conclusions and recommendations enlisted below are based on the research
findings. These conclusions and recommendation will further help us for future solution
so as to make the existing at-grade signalized intersection more efficient.

e The reliability of results produced by Synchro are dependent upon the geometric
details and volumetric details of lanes and traffic respectively. Any kind of error
in these will cause the results to be having errors and discrepancies.

e Increasing the green time for an approach improves its level of service, but,
causes to increase the v/c ratio for other approaches.

e By optimization the ICU value does not change rather only signal timing and v/c
ratio is changed.

e Inour case, the level of service of some approaches changes but the overall LOS
of the whole intersection remains the same.

e The results when simulated show that the lanes will carry only that traffic which
will have the same direction as of lane.

e Increasing the number of lanes improves ICU and LOS.

e By improving the conditions, the social and economic impacts (negative) are

reduced by almost 50%.

6.3 Future Recommendations

As the LOS of the whole intersection after optimization remains the same i.e. F,
therefore the only solution is grade separation.

A grade separated facility i.e. a flyover carrying the EBR traffic will improve the
existing conditions. Add one lane to EBT and WBT direction so that total number of
lanes in EBT and WBT becomes 6. Provide an exclusive lane in all directions each

having a curb radius of 150m. Provide 2 storage bays each of length 400m in EBL,
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WBL, WBR, and NBR direction. Provide one storage bay of length 400m in EBR
direction. The EBL and WBL storage bays will accommodate for traffic turning in the

specified directions.

Islamabad ExpressW

Islamabad ExpressWay

Figure 6.1 Proposed layout of Koral Chowk

Yellow time will be taken as 3.5 seconds. All red time is taken as 0.5 seconds. A total of
4 phases will be installed. The 1% phase will carry the EBL and WBL traffic having a
total split of 32 seconds. The 2" phase will carry the EBT and WBT traffic having a
total split of 74 seconds. The 3" phase will carry the NBT and NBL traffic having a
total split of 60 seconds. And the 4™ phase will carry the SBT and SBL having a total
split of 34 seconds. The total cycle length in this way will be reduced from 306 seconds

to 200 seconds.
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APPENDIX A- THREE HOURS MORNING AND EVENING TRAFFIC COUNT

SURVEY AT KORAL CHOWK, ISLAMABAD FOR PERFORMANCE

EVALUATION OF AT GRADE SIGNALIZED INTERSECTION
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APPENDIX B-SYNCHRO REPORTS BEFORE OPTIMIZATION FOR
EXISTING CONDITIONS IN 2015

Performance Evaluation of Koral
3 Aiport Road/Koral Road & Islamabad Expressiay 4212015

NPT

Volume vph) QLT 21 T I 11 | O A
Kdeal Flow (voho) 1000 1900 1900 90 900 {900 190 00 50 90 190 190
Storage Lengin ) 0 L} wm X WM™ ps|
Storage Lanss { 2 0 0 90 &0 0
TaperLengin () 4] i) ) o)

Lane (81 Fackor MO0 N8 08 MO0 0B MK 09 M0 MO0 MK 0% 4
f 090 08%) 080 0830 Y90 00 080 090 08
FiProced 0950 980 2950 0850 0850 080 9% 085

Sald. Fow {prof) 0 74 2647 0 4630 183 7% 194 8 0 X% 1MW
FiPemizd 095 0713 085 085 089
Satd.Fiow (pem) 0 687 287 0 B 18 1B 4 T 0 2% 4R
Right Tun on Red Yes \o No No
Said Flow (RTOR) kS|

Lirk Speed (mon) K k| k) k|

Lk Distanc f) 1000 40 102 109
Trane T 5) a7 a1 a7 271
Peak Hour Fachor 095 088 08 09 0% 085 097 08 094 0% 0% 0%
K. Fiom (voh) 784 MO G4 60D 3 MY MO 1143 M M W
Stiared Lave Traffe ) %

Lane Groun Flow {voh) %4 HB 0 6083 6 W M3 M 0 66 3N
ErierBockedliesetion N0 Mo Mo Mo Mo N N N N N Mo N
Lane Aigrment leh lek Rt ek leh Rt e ek Rt Leh Leh Ron
Nedian Wit i f2 k| 0

ik Ofsziff) 0 0 0 0
Crossmak Widin(f) 16 16 1 6

Two wa ek Tun Lare

Headwa) Fackor 0 10 10 10 0 0 0 10 0 10 0 10
Turieq Speed (moh) 15 0. 15 T 8. '3 g
TumType St NA Pem Spit  NA Pem Spit NA Pl Spit NA Pem
Priecied Prases o 2 I 3 | ST T e [l
Permised Prases 2 g 3 {
Nimum Spit 5} 80 80 80 80 80 &0 &0 80 80 &0 0 &0
Total Splt(s) 1040 1040 1040 1040 1040 040 G40 64D G40 MO M0 WO
FYP 500 pm 4612013 Baselng Syrcheo & Repod
FasalRzs Page !
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Performance Evaluation of Koral
3: Airport Road/Koral Road & Islamabad ExpressWay 4242015

Fay et AN d

0% W0 M0% 0% M0% MUO% 0% 0% 0% 1% Ik f11%

ToalSpi %

Naxmim Green (3) 1000 1000 1000 1000 1000 1000 600 600 600 300 300 300
Yelow Tme ) < S M ~ S N ~ S~ NI ~ S N ~ DA ~ N ~ L
Al-Red Tz [5) 05 05 05 05 05 05 05 05 05 05 05 0OF
Lost Tme Adwst[5) 00 00 00 00 00 00 00 00 00 00
Total Lost Tme (3) 4 4 40 4 40 40 & 4 LI )
Leadlag lag lag lag lead lead led Llag g Lo lexd Llexd Lead
Lead-Lag Optmae? Yes  Yes  Yes Ve Yes Yes  Yes e Ve Yes Ve Vs
Bt Efit Green 5) 1000 1000 1000 1600 1000 600 600 600 00 00
Aetuated g C Rato 03 038 0% 052 08 020 020 02 010 010
v Rato 043 1% 278 200 060 426 3% 1M 28 212
Corrol Delay 734 328 8Ud 8049 076 14886 13574 477d 6703 718
Queve Delay 00 00 00 00 00 00 00 00 00 00
Total Deiay 734 328 8UA 8049 976 14886 13574 4774 6703 5718
L0S E F F F F F F F F F
Approaen Delay %73 8546 12034 6377
Roproach LOS F F F F
MessooSomey 0000000000000
Brza Type: (tnzt

Cycle Langh: 306

Aetuated Cycle Length: 306

(Ofset 0 {0%), Refererozd to phase 2E8TL, Stad of Green

Natural Cyole: 140

Cortrol Type: Prefmed

Maxemumyic Rabo 426

Iizrszcton Sigral Delay 8440 Infersecton LOS:F

Intersection Capacty Utization 217 4% ICU Lenelof Sempz ¥

Analysis Period (mie) 13

Descriobon; FYP

* Uset Eniered Vale

! Phase confict between lare groups.

FYP 500 pm 462015 Baszlee Syrohno 8 Repod
FasalRaza Page?
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Performance Evaluation of Koral
3 Airport RoadKoral Road & Islamabad Express\Way 42412015

Solts and Prases 3 Airoor RoadKoral Road § lslamabad Exomess\ifay

t‘t ) ¥

FYP 500 pm 4612013 Baselee Syrcheo 8 Repot
Faisa Raza Paged
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Performance Evaluation of Koral
3: Airport Road/Koral Road & Islamabad Express\Way

4212015

Pav et A2V

Lane Confqurators Yom M ar F w4 M Mt

Kieal Flow {vohp) 000 1900 1900 1900 000 900 90 1900 {300 1000 00 4000

Lane Widh (8) 2 2 2 £ 2 27 2 # 2 £ 2 2

Grade (%) 0% 0% 0% e

Storage Lengtn f) 0 0w re SR m M 0

Storage Lanes { 2 0 0 0 2 0 0

Taper Lenath () % 4] % 5

Lane Ul Factor MO0 86 0B MO 0 MO0 09 MO MK MO 095 MM

Pe ke Factor

F 0950 0850 0850 0850 Y0950 9% 08%0 0950 0830

FPrzcsd 0950 8% %950 850 0850 0890 090 0850

Setd. Flow (prof) 770 5174 47 0 4630 153 7B 1504 08 0 2B 153

F1Pemezd 0950 0713 0850 08%0 0850

Satd. Flow (pem) 770 6087 78T 0 W3 483 /B M54 MET 0 2B 15

Right Turn on Red Yes No No No

Sad Flow (RTOR) 3

Lirk Speed (mor) i) k) kil kil

Lik Distance (f) 1000 0 1002 100

Travel Tme [5) 27 o 7 7

dessborSewey 0000000000000
Aza Type: (Ot

Deserighon FYP

* UserEntered Valve

FYP 500 pm 41612015 Baselne Syrchro 8 Repon
Faisal Raza Paged
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Performance Evaluation of Koral
3 Airport Road/Koral Road & Islamabad Express\Way 4242015

YK
wGwo G BT BROWRL W WR MW MR W S W

Volume (voh)} TO% B0 SN WH N3 N W 014 20 4 3
Condl Peds. (&)

Conf Bies )

Peak Howr Facot 0% 08 08 091 0% 085 097 08 094 030 09 0%
Growth Fackor 100% 100% 100% 00% f00% 00% 100% f00% 00% 100% 100% f00%
HeanyVehicks (%) » % B B OB K% X B B B B B
BusBockages(#h) 0 0 0 0 0 0 0 0 0 0 0 0
Parkieg (e

Al-Block Traffc %) g 0% 1h) I

Ad Flom {vph) %4 W64 660 I MT M9 1B M MM
Snaved Lane Trafi (%) ik

Lane Group Fiow voh) %4 MB 0 63 3o 2 M6 M 0 66 3

Deseripbon: FYP
FYP 500 pm 4612015 Baselne Syreho § Repor
Fasa Razs Paged



Performance Evaluation of Koral

3 Airport Road/Koral Road & [slamabad Express\Way 1212015
Panec At} 4

Lare Confquratiors YoM oM fm o4 nMf

Volume {vpr) N OB OBE N NB OB 0 W U6

Turn Type St NA Pem NA Pem Soit NA Pt NA Pem

Profected Prases 2 2 3 [ B

Pemitzd Prases . {

Defector Phise 202 2 3 3% 4 & 4 1

Swch Prase

Kinimum il (5 40 40 40 40 40 40 40 40 40

Kl Soit 5 80 80 80 80 &0 80 80 &0 80 80

TotalSpiks) 140 1040 1040 040 1040 G40 G40 640 0 D

Total Solt (%) U0 0% 0% 0% 0% 0% 00% 0% 1% 1%

Yelow Tme ) 3 035 35 35 35 35 35 35 3%

Ai-Red Trme 5) 85 @5 @3 @5 05 @5 @63 65 03 @

LostTeme Adist 5} 00 00 00 00 00 00 00 00 00 00

Total Lest Tme s) 40 40 40 40 4D 40 40 4D 40 40

Leadlag lag lag Llag Llead lead Loy Lag Lag Lead Lead

L2ad-Laq Ontmze? Yes  Yes  Yes  Yes  Yes Ve Yes Yes  Yes Ve

Recal Mode Max  Max  Max Max  Max  Max Nax M Max  Nax

et B Green 5} 1000 1000 1000 1600 1000 600 600 600 300 30

Aetualed oC Rafo 0% 0% 0B 052 0% 00 020 02 040 040

vieRafo 03 15 278 204 060 4% 305 194 2% 202

Conbol Delay T34 328 B4 840 O76 14R86 1374 47TTM G103 S7HR

Quee Delay 00 00 00 00 00 00 00 00 00 00

Total Delay T34 328 74 B4 76 4886 13574 474 6M3 STH8

L0 T I B e T e G

Aoproach Delay %73 8346 12034 677

Roproae LOS P : F P

MesdorSesy 0000000000000

Ciole Lenatn 306

hehiaed Cyole Lengtr 306

Ofiset 0 (0%, Referercedo phase 2E8TL ot of Green

Natural Cyele: 140

Corirol Type: Pretmed

FYP 500 pm 41612013 Baseire Syreheo § Repor

FasalRaza Paged
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Performance Evaluation of Koral
3 Airport Road/Koral Road & Islamabad ExpressWay 21015

Maxmymyi Rato: 4 26

Irizrsection Sgra Delay 8440 Infersecfion LOS:F
Irierszeton Capaoty Ublzaton 217 4% (U Leve!of Semoz
Aralyas Perod [mo) 15

Descrpbon: FYP

! Prase confict beween e grougs

FYP 300 pm 4612015 Baseline Syrcheo 8 Repon
Fasal Razs Page]
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Performance Evaluation of Koral

3. Airport Road/Koral Road & [slamabad ExpressWay 4212015
a4
Protecied Przses 5 9 3 TR Y S
Pemitid Prases == {
inimum il (5) 40 40 40 40 40 40 40 40 40 4D
Ninimam Splt(5) 80 80 80 80 80 80 80 80 80 80
Tota! Spit s) 1040 1040 1040 140 1040 640 640 G640 M0 M0
Total Splt (%) U0 0% A0% MW0% U0% 200% 0% 200% 1% 114%
Maximum Green ) 1000 1000 1000 1000 1000 600 600 600 300 300
Yelow Tme () (L L L PR T R PR e L L
A-Red Tane (5} 05 05 05 05 05 05 05 05 05 05
LeadLag lag lag lag led lead Lag Lag Llag lead Lead
Lead-Laq Optmze? Yes  Yes  Yes  Yes Yes  Yes  Yes  Yes Yes Vs
Vericie Extension (5) M 30 30 0 W 3 3B M WM W0
Minimum Gao (5) 30 30 30 30 30 30 30 30 30 30
Time Before Reduoe (5) 00 00 00 00 00 00 00 00 00 00
Time To Reduce () 00 00 00 00 00 00 00 00 00 00
Recal Mode Max  Max  Max  Max  Max  Max  Max  Max  Max  Max
\ak Time (5)
Fash Dont Wiakk )
Pedestrian Call ()

B0t e Green ) 1000 1000 1000 1000 4000 GO0 GO0 GO0 0 0
90th Soile Term Code Coord Coond Coodd MaxR MaR MaR MaR MaR MaR MaR
70t Solle Green [5) 1000 1000 1000 4000 4000 GO0 GO0 GO0 A0 X0

70t %ile Tem Code Coord Cood Coodd MaxR MaR MaxR MaxR MaR MaR  MaxR
30t Sole Green (3) 1000 1000 1000 1000 1000 600 600 600 0 N0
3t %oie Tem Code Coord Cood Cood MaxR MaR MaR MaxR MaR MaR  MaxR
30th Yoie Green (s) 1000 1000 1000 1000 1000 GO0 GO0 60O X0 0
30t %oile Tem Code Coord Cood Cood MR MaR MaR MaR MaR MaR  MaxR

108 % Green (5) 1000 1000 1000 1000 1000 GO0 GO0 600 X0 0
10t %oie Term Code Coord Cood Cood MaxR MaR MaR MaR MaR  MaxR

g

Cicie Leratn: 306

Aetuated Cyole Lengt 306

(fiset 0{0%), Referenced to phase 2E8TL Starof Green

FYP 500 pm 41612015 Baseliee Syrivo 8 Repod
Faisal Raza Pagel
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Performance Evaluation of Koral

3 Airport Road/Koral Road & Islamabad ExpressWay 4242015
Cantrol Type: Prefimed

Destrghon FYP

! Pras confict between lare grouns

FYP 500 pm 462013 Baseliee Syrchro 8 Repot
Faizal Razs Paged
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Performance Evaluation of Koral

3 Airport Road/Koral Road & Islamabad Express\Way

£2012015

J oay *

SEE

Lae Group Fiow (voh) 7B %M HB 668
Ve Rt 03 156 278 204
Corirol Delay 734 328 8271 848
Queve Deiyy 00 00 00 00
Total Deay 734 328 874 8048
Queue Lengin 306 (f) 113 =298 ~386 6763
Queve Lenath 05t (f) 71 847 =740 #6434
Internal Link Dt (f) il kil
TumEay Lergth (R 0

Base Capaoty (voh) e 160 1148 2

Sianvaton Cap Reductn 0 0 0 0
Spilback Cap Reductn 0 0 0 0
Sorage Cap Reduttn 0 0 0 0
Reduced vie Rato 03 156 278 204

36 28 1163 1143 666 39
069 426 3% 194 28 202
976 14886 13574 4774 6703 M8
00 00 00 00 00 00
976 14886 13574 4771 6703 5718
638 643 200 T 161 1085
726 WS D S0 4 02

/1) ]
N X L W
IV R R
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
069 426 3% 194 28 202

Descriphon: FYP

~ Volume exeeeds cananty, queue 5 theoretealy infne
Quewe shown s maxmym afier o tyois.

& Q% permardie \olume expeeds capacty, Quave may be lnger
(e shown 5 maxemym aer o cjcles.

FYP 50 pm 41612013 Baseline
FasalRaza

91

Syrchro & Repor
Page 10



Performance Evaluation of Koral
3. Airport Road/Koral Road & [slamabad ExpressWay 4212045

Headay Py 10 10 10 10 10 10 10 10 10 10 10 10
Tuning Speed (o) 15 g £ ¢ % 9 15 9

Descripbon: FYP

FYP 500 pm 41612015 Baseline Syrchro 8 Repod
FasalRazs Page 11



Performance Evaluation of Koral
3 Airport Road/Koral Road & Islamabad Express\Way 4242015

Jay et N 2N A

Lare Corfiqueations

Volume (vpr) OBy B0 O BX A3 W3 OB 014 A0 B4 U6
Pedestnang

Ped Buton

Pedzstran Terg ()

Fres Right No No No No
fdeal Flow 190 1900 1900 900 900 900 900 4900 4900 4900 4900 {900
Loat Tme 3) 40 40 40 40 40 40 40 40 40 40 40 &0
Mieimum Green (5) 40 40 40 4D 4D 4D 40 4D 40 4D 40 40

Reft Cycle Lenqth {5 20 120 120 20 20 20 20 20 20 20 10 X
Volume Combired (voh) THOBT W0 0 6% W0 B4 074 0 4 36
Lane Ubization Fackor 100 091 089 100 09 100 097 {00 089 {0 095 {00
Turring Facior vok) 095 100 085 095 100 085 095 095 085 095 088 0&
Saturated Fiow k) 1805 6901 28% 0 6871 645 0 M 8% 0 30N 65

Ped I Tz 3) 00 00 00 00 00 00 00 00 00 00 00 00
Pedestran Frequency () 00 00 00 00
Protecied Opbon Alowed No No No No
Referance Tme s 1180 03 451 B3
Ad Referarce Tme (3) 1220 2635 491 3
Parmited Opéon

A Saturzton A fvor) 10 7% 0 15 0 ¥ 0 118
Refererce Tz A f5) 738 405 00 5858 00 10343 00 2129

A Saturabion 8 fyoh NN NN NN NN
Refereroe TmeB(5) MM NOM MM NN
Referenos Tme (5] 738 838 10343 2129

Ad Reference Tme [s) 78 3898 10383 269

Spit Opfion

Ref Time Combined (5) 49 403 00 11135 00 734 00 194

Ref Tz Seperas (5) 49 405 72 1013 62 177 40 124
Refererce Tme (5) 05 43 iy 1115 734 T 194 104

MjRekmensTmels) M3 M5 (155 1435 T T B4 4

PokcedOion) = M M

FYP 500 pm 4162013 Baseline Syrehro 8 Repor
FasalRaza Page 12

93



Performance Evaluation of Koral

3: Airport Road/Koral Road & Islamabad Express\Way 422015
Pemited Opéion () 5808 10383

Spit Ogton (5} 1600 105

Nirimam ) 1600 105 %05

A Reference Tme (5) 120 265 44 275
Cross Thu Ref Time (5) B4 T4 MY 1155
Orcomng LeARefTme(s) 1155 M5 234 714

Contined s M9 481 1169 220
Inersacton Capacty Usizaton AT4% KU LevelofSenice 4

Refareroz Times and Prasing Optiors do not represent an optmazed tmieg plan

FYP 500 pm 4162015 Baseline Syrehro 8 Repor
FasalRazs Page 13



APPENDIX C- SYNCHRO REPORTS AFTER OPTIMIZATION FOR
EXISTING CONDITIONS IN 2015

Performance Evaluation of Koral

3. Airport Road/Koral Road & Islamabad ExpressWay 4212013
,_,\, r"\\ ff\l"’

Vokime (i) T4 810 9 O8X I B B/OowWH 20 M M6
deal Flow (vohall 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Siorage Lengh (8) 0 & 2 20 a0 230 20
Sworace Lanes 1 2 0 0 0 2 0 0
TaperLength (%) 3 2 % %

Lare LAl Facir 100 %085 083 100 085 100 091 +100 +100 100 0% 100
i %0550 0830 *0850 0850 %0950 080 0380 %0950 0830
F: Protacied 0850 *0.330 0850 0830 *0350 %0850 %080 %0330

Said. Flow (peof) 170 5174 2647 0 B0 185 ZHE 1N 0% 0 2% 158
Pl Pemiziad 0850 0830 0.707 0830 0830 08390

Sai3. Flow (penm) 1770 5178 2787 0 31 185 ZrB 18 3167 0 285 133
Rioh? Tum on Red Yea No No No
Satd Flow (RTOR) 35

Lirk Soead fmoh) Kl ol N 30

Lirk Ditarce (%) 1000 a0 1002 1003

Travel Tme [s) 7 a1 27 7

Pesk Hour Facior 085 038 08 091 085 085 097 0B85 098 030 080 0%
AL Flow (vor) 78B4 313 614 B8 395 1 319 1143 M2 M 3
Shaved Lare Trafic (%) 10% %

Lare Growo Flow fvoh - ) | 0 8833 3% 28 1188 1143 0 8% 38
Endar Blocked infersecion No No N N No No No N No No No No
Lare Aormart Lefl  [ef Riohi Lef Le? Fioht LeR Lef Fioht [eR Lek fioki
Magian Wi () 12 12 0 0

Lirk e 0 0 0 0
Crosswak Wisth{F) 1% 16 1% 16

Two wan Le? Tum Lare

Headway Facior 10 10 10 10 10 10 10 10 100 10 100 100
Turring Sosed imohl 13 I 4 15 9 15 9
Tum Type Sk NA Pem S NA Pem Spk NA Pot SR NA Pem
Proacied Prases 2 2 3 3 4 & 4 1 1
Pemizad Pranes 2 & 3 1
Wirim.m SoF: (31 80 80 80 80 80 80 80 80 80 &0 80 &0
Toial Skt f3) 90 90 90 &0 820 820 %20 920 20 N0 N0 00
Total Skt (35) 320% 320% 320% 3% r3% r3%h 07% 307% N7 100% 100% 100%
Magimum Green (3) 920 920 920 T80 7E0 T80 &0 WO 0 20 60 X0
Yedow Time s) 35 35 35 35 35 35 35 35 35 35 35 33
HRad Tme (s) 05 05 05 05 05 05 05 05 05 05 05 05
Lost Time Aciust (s) 00 00 00 00 00 00 00 00 00 00
Total Lost Time fs) 40 40 40 & 40 o W 0 40
Leadlac leo  Las  Llao lead lead lead Llao Llao Llac Llead Lead Lead
Laas-L a3 Ogiimze? Yo Ys Ya Y5 Y Ya Yes Ya Y Y Y Ye
c: E5: Graen (3] Q0 20 920 1850 780 @80 80 &0 %0 %0
Actumnd g)CRafo 031 031 03 055 026 02 02 02 002 009
e Rado 013 157 283 28 087 234 284 130 27 240
Corirol Delay 760 359 a4 13 1265 886 25 2152 8075 65203
Queve Dalay 00 00 00 00 00 00 00 00 00 00
Toial Delay 760 399 a4 13 1285 886 726 2152 8075 6203
s E F F F F F F F F F
FYP 5:00 pm 452015 Sanaire Syrcrro & Reager:
Faisal Raza Paze i
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Performance Evaluation of Koral

3: Airport Road/Koral Road & Islamabad ExpressWay 4202013
P O S 58 PN e

Aoproach Delay 6189 241 671 7890
Fopromcn LOS F F F F
fren Tyoe: Qe

Cycle Leng®: 300

Achuead Crde Lanc: 300

Offset: 0 (0%5), Raferencad o phase 28571, Star of Green

Nagural Crdle: 300

Conrol Type: Pradmad

Mammem v Raso: 255

Indarsacion Signal Delay: 719.3 Irsarsacion LOS:F
Iraareacion Canachy Usizaton 217 436 OJ Laval of Sanica
Arslysis Peniod (min) 15

Descrizdoe: FYP

* User Erimred Vskie

! Prase corfic: between lane groups.

FYP 500 pm 452015 Baselre Syrcrro 8 Raport
Faisel Raza Page 2
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Performance Evalustion of Koral

3. Airport Road/Koral Road & Islamabad ExpressWay 4202013

-’-r“v(""‘-\ff‘*l/

e N AN Ff M F T 4 FF o f

el Flow (vorel) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lare Wicth (%) 12 12 12 12 12 12 12 12 12 12 12 12
Graze (35) 0% 0% 0% 0%

Stormce Lercth () 0 400 400 20 3N 400 230 230
Storage Lares 1 2 0 0 0 2 0 0
Tazer Larc® (5 2 25 2 23

Lare U3 Facioe 00 %085 083 100 085 100 0581 100 100 100 085 *1.00
Pad Ske Factor

] *0850 0830 0850 0550 0850 00 0380 0850 0830
FT: Protecied 0930 *0830 *080 0530 %0830 *0.830 *0.8s0 *0.850

Sats. Flow (peof) 1770 5174 2847 0 4530 1583 7% 19 3008 0 2855 1583
FF: Pamnizad 080 03830 0,707 0830 0830 0330

Said. Flow (pem) 1770 S174 &7 0 31 15888 2@ 134 3167 0 2855 1553
Rioki Tum on Rad Yoy No No No
St Flow (RTOR) oS

Lirk Spaed (mpn) RN N K

Lick Oistarca (%) 1000 400 1002 1002

Tranel Time (3) 27 21 27 27
CeoeciSowery 000000000
Lran Tize Ohrar

Descripfon: FYP

* User Srtarad Vaboe

FYP 500 pm 4/5/2015 Caselre Syrcrro & Repon
Faisel Raza Paze 3
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Performance Evalusation of Koral

3: Airport Road/Koral Road & Islamabad ExpressWay 4212015
Pay ANt AN A
leeGop S BT BR WS W WR N ONT MR N W SR

Vokime (vo) T4 BT B0 S/ 55X NS 033 281 1074 w0 B 315
Cord. Bhas (e

Pesk Hour Facior 085 085 08 081 0% 085 097 05 0 030 09 0%
Growin Facior 100% 100%  100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Eiua Blockazas (2rr| 0 0 0 0 0 0 0 0 0 0 0 0
Sty 20

Nic-Slock Trac (3] 0% 0% 0% 0%

2. Flow (voh) e B AW B 8 B/ NT N9 1S 2\ W W
Sraved Lare Trac (35) 10% %

Lare Grous Flow (vh) 262 W 0 3/ 2@ 1M 14 0 8% &
ecorSoeen 0000000000000
Descriofion: FYP

FYR 500 pm 45/2013 Basaire Syrchro § Ragent
Fassl Raza Fazed
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Performance Evalustion of Koral

3. Airport Road/Koral Road & Islamabad ExpressWay 202013
A Bl 70 I B

i N A AN f W A
Vokme (v} T4 BT B0 8% A3 AW W/1 1074 H 316
Tum Tyoe Sofk N5 Pem NA Pem SR NS P N5 Pem
Prosacies Prasas 2 2 3 4 & 4 1
Pammizad Prases 2 4 3 1
Datacioe Prass 2 2 2 3 3 4 4 4 1 1
Such Prase

Mirimum inSel (3) 40 40 40 40 40 40 40 40 40 M0
Nirimum 3o (3) 60 80 &80 &80 G0 &0 80 &0 8O0 &0
Totsl Sok (3] 90 %0 %0 820 820 %20 @20 w20 DO N0
Toeal 32k (320 320% 320% 320% 273% 273% H07% 07% 073 100% 100%
Yelow Tme (s) 3536 3B 38 3s 38 ase 38 38k =3s
AFas Tma (sl 05 05 05 05 05 05 05 05 05 05
Lost Time Ajst is) 00 00 00 OO0 00 00 00 OO0 OO 0O
Tosal Lot Tima /sl 40 40 40 40 40 40 40 40 40 40
Lessley g Lleg L led Lesi Lap Ly Leg Lead Les
LeacLay Ooamza? Yos Yes Yas Yes  Yes VYes Yas  VYas  Yay  Vas
Racal Noce Max Max Max Max  Max Max M Mm M Max
£ B Graan 1) 920 @0 90 1950 T80 &850 &0 &0 20 260
Achumied o/C Reto 031 031 031 035 02 02 02 02 008 009
wc Raio 013 167 283 286 087 284 264 130 270 240
Conirol Delay To0 359 B84 513 1265 8595 TT2h 2152 BUTH 6903
Quaye Dalay 00 00 00 00 OO OO 00 00 OO 00
Toial Delay 760 3959 454 13 1265 835 Tr26 2152 &TH 63
Los E F F F F F F F F F
Fpproach Delay 58169 8241 &1 7630
Fopromcn LOS £ z F £

Crole Lergi: 300

Achumned Cyde Lengi: 300

OFsat 0 035) Radararcad 1o ohase 25571 Sian of Graan

Netural Cycle- 300

Corirol Type: Pradmad

Mazimum v Rado: 255

raarsacion Sicral Delav: 719.3 Iraarsacion LOS: F

Infarsacion Capachy Usizaion 217.4%% ICU Laval of Sangca B

£ralves Penad (min 13

Descrgior: FYR

Prase cordict between lare groups.

FYP 500 pm 45/2015 Gasalrs Syrchro § Regort
Fasal Raza Pazed
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Performance Evsluation of Koral

3: Airport Road/Koral Rosd & Islamsbad ExpressWay
i T T T S I

Proteciad Prases

4212015

4 4
Pammines Frases 2 4 3 1
Nivimam 'risl (s) 40 40 40 40 40 40 40 40 40 40
Nerimum Soit (3) 80 a0 80 a0 a0 80 80 &0 80 a0
Toial Sok (3 90 90 90 820 520 920 920 920 300 300
Totsl Sok (35) 320% 320% 320% 2Z73% 27.3% 307% 307% 3073% 100% 100%
Maximum Green (s 20 920 920 780 TS0 &30 &0 &0 260 260
Yelow Time (3) 35 35 35 33 35 as5:. 38- 35 35 35
HFad Tima s) 03 035 035 05 035 03 03 03 03 03
Leadla Lag lead Lead: Llag L=y Llsg Llead Lead
LeasLias Ooimza? Yoy  Yes Yes Yas  VYes Yes Yas  Yes Yes  Yes
Vericle Etarsion (3) 30 30 30 30 30 30 30 30 30 30
Mrimum Gao () 30 30 30 30 30 30 30 30 30 30
Tima Safoes Racucs (3) 00 00 00 00 00 00 00 o0 00 00
Tima To Racues (sl 00 0.0 00 00 00 00 00 00 00 00
Reacal Mode Max  Max  Max  Max  AMax  Max  Max  Max  Max  Max
Wk Time (3]
Flash Dort Wak ()
Pedasnian Cals (#Frl
S0 ode Grean (9] 920 920 %20 T80 T8O G50 &0 &80 20 260
0% 35da Tam Code Coord Coord Coord MR MaxR® MR MaxR  MaxR MR MR
T0% Stle Graan (3) 920 920 20 T80 T8O G50 SB0 GS0 20 260
T0% S5da Tam Code Coord Coord Coord MR MaxR MR MR MR Mex®  MaR
509 tde Grean (3] @20 920 %20 T80 T8O G50 &0 850 20 2260
0% 35da Tam Code Coord Coord Coord MR MaxR® MaxR  MaxR  MaR MR MR
308 Shle Graen (3) @20 @20 %20 780 TeO SO B0 O 20 20
30 Sode Tam Coce Coord Coond Coord Max® MaR MR MaxR MR MR MR
108 Sole Greens) 920 920 %20 TS0 T80 G50 &80 S50 20 2260
10% S5de Tarm Code Coord Coord Coord Max®@ MR MaR MaR Mo MaR MaR
bececoeSewey 0000000000000
Cvdle Leroin: 300
Schusted Cyde Lang®: 300
Offsat: 0 (0%%), Referencad %o phase 25571, Stant of Green
Corirel Type: Fredmes
Descriodon: FYR
! Phase confic between lane grouss.
FYP 500 pm 452015 Caseire Syrerro & Report
Fassl Raza Paged
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Performance Evalustion of Koral

3: Airport Rogd/Koral Road & Islamabad ExpressWay £202013
‘ol e Rl G W B 4
lweGop 6 BT ER OWET UER NI ONET NER ST SR 00

Lare Growo Flow (woh] T 2652 3193 6533 355 2283 1163 1143 oA 3W
we Rt 013 167 28 28 087 23 284 130 270 240
Cormol Dalav THO 3559 8454 BH13 1265 BI85 TT26 2152 &UTH 6908
Queye Delay 00 00 00 00 00 00 00 00 OO0 OO
Toial Delay THO 3959 484 B513 1265 8586 Ti2p 2152 &UTH 608
Queve Length 50 (%) 102 ~2221 ~5549 ™B583 680 ~4290 ~3OTS M3 11T MO
Quaus Laroh 950 %) 155 22150 #5514 #0205  TET #4200 MO0 #5A4 #316 #1317
Irhaeral Lick Oest (%) v 320 @ 9
Tum Bay Lancth (%) 400 20 0 400 230
Base Capacry (uoh) 342 1585 11258 2333 411 86 M1 &2 AT 37
Starveion Cao Resucn 0 0 0 0 0 0 0 0 0 0
Solloack Can Reducn 0 0 0 0 0 0 0 0 0 0
Stormze Cao Reduc 0 0 0 0 0 0 0 0 0 0
Racucas e Rado 013 157 28 28 0857 23 288 130 270 240
PooeiorSewy 000000000
Descipfion: FYP
~ Vokuma excaads canachy, cueve & Frecraicaly infrie.
Quece shown is mamum afer 2o cydles.
£ 05 parcarde wohume excascs canachy. cuaus may be lecer.
Quaue shown s mamum afar two ojdles.
FYR 500 pm 45°2013 asaira Syrcheo & Ragon
Fanal Raza Page 7
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Performance Evalusation of Koral

3: Airport Road/Koral Road & Islamabad ExpressWay 42112015
2ay e NNt MY S

Erier Slockad miarsacion No No No No No No No No No No No No

Lave lizemant Led  Le Fight Le® Le® FRght Le® Led Right Led Le® Rgn

Nagian Wic#(5) 12 12 K1) 0

Lirk OFaay®) 0 0 0 0

Cromywak W& 18 18 16 1%

Two way Le® Tum Lare

Fandway Facae 100 100 100 100 100 100 100 100 100 100 100 100

Turing Soses (mer) 15 § 18 g 15 9 15 g

Descrigion: 772

FYP 500 pm 462013 Sasalre Syrcrro & Report

Fassl Raza Pazed
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Performance Evalustion of Koral

2: Airport Road/Koral Road & Islamabad ExpressWay 4211201
Ay ANyt MY

(<

Love Corduies Ydm o PF am o F oW 4 P #_f
Volume (uoi) T4 BT B0 59 5626 W3 W\ 281 W 210 B 36
Pedesnians

Pad Buston

Pedeshian Timinc (3

Fres Sight ) No No No
idesl Flow 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lost Time (3] 40 40 40 4D 40 40 40 40 40 40 40 40
Mirimum Grean (3] 40 40 40 40 40 40 40 40 40 40 40 40
BedOdelenghis) 120 120 920 920 420 120 920 120 120 120 920 120
\Vokuma Combines (vohi 0 220 2810 0 83 3303 0 3314 1074 0 514 316
Lare Ulizesion Facior 100 091 089 100 091 100 0687 100 08 100 08 100
Tutrira Facioe (voh) 085 100 0B85 08 100 0B85 085 08 08 095 08 08
Saturated Flow (voh) 0 13 283 0 8371 1515 0 3% 283 0 331 1615
Ped Ir# Time (sl 00 00 00 Q0 00 00 00 00 00 00 00 00
Badesiian Fraguency (35) 000 000 000 000
Proteciad Oodon Alowed No No No No
Rafararce Tims (3] 1150 25 451 235
& Rafarance Tma (3) 1220 283 221 23
Pammized

A5 Sanaration A (i) 0 342 0. 115 0 33 0118
Radfararca Time & (3) 00 &7 00 5353 00 10343 00 2129

i Saturaion B ivon NA NA NA NA NA NA NA NA
Raderence Tme 5 (3) N& NA NA NA N2 NA NA N&
Fafararce Tima (3] 837 5358 1034.3 2129

& Rafararce Tma (3) =T 5303 10253 2159

Sok Ooon

Ref Tme Combined (3) 00 35 00 1115 00 731 00 194

R Tma Sacarasa (3] 25 405 2 103 892 177 140 121
Refererce Time (s) 405 05 1115 M3 7831 734 194 194

L Raaranca Tme (3] U5 Uus 155 1155 O 234 234
Prosacied Oplon (3) NA NA

Pammizad Ogion (3) 3395 10383

Soit Oodion (31 180.0 1005

Mirimum (s) 1800 1005 205

1] Radaranca Tme [3) 1220 265 &1 25
Cross Trrw Raf Time 3] 234 774 45 1155
Orcoming La%RaiTimes) 1155 445 234 771

Combired (3) 208 1431 1168 2201
riarsacion Capachy Usizadon 2174% ICU Level of Senvice H

FYP 500 pm 4/5:2015 Saseire Syrcreo 3 Ragert
Fasal Raza Paged
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APPENDIX D- SYNCHRO REPORTS FOR IMPROVED CONDITIONS IN 2015

Performance Evaluation of Koral
3 Airport Rosd/Forsl Road & |slamabad ExpressiWay 25052015

r— W 6 It 5t R

Yohame gk ORX O XW 2 %X 3 ONEm X Wi M0 3 36
L LA Fcor 00 WNEE YNA MO0 WS ™00 097 00 Y00+ 08
Pl Biom e

[ W5 0550 WEE0 0550 %0950 %0950 0850 L R ]
F Profasied 0950 *0350 *0950 Q90 *0LEs0 WES0 W0 0950 Q90 0SS0

Statd, Flow fiorofl IBAOTTED AT 353 BS a7 2918 4512 3008 1T0 408 153
F: Pamminad 0850 0850 Q&30 0850

Sad, Flow fimenmi b T\ I T <% = N =1 " O L= T~ X ="~ IO 1 < T " = <3 A =
S, Flow (RTOR) o2

&, Flow freoi b= T 0 ' = T - N v." N v" FOC 1 T N T B = B |
Lz Group Flow v o0 23X XN ek B 3™ O IET O IE e 2 ¥, M3
Erer Bloghed [riersecion ] ] Mo ] ] ] Mo ] Mo ] ] ]
Pl Wi ) .| 2 1] 2

Lirk OffaeE) ] 1} ] 1}
Croeenwak Wicshi=) 18 16 18 16

T weery Lie Tiarrs Liram

iy Facaor 100 100 100 100 100 100 100 100 100 100 100 100
Tiarmireg Spesecd mepi) 15 2 15 2 15 2 15 2
Turn Type Pred ME: puwom Pt ML pawom  EoR BE Pl EoE ML Pam
Fransimes Bramas 3 3 L 3 . 2 2 1 1
Farnimes Sramas 2 2 2 1
Tl 5ok (1) T 20 &0 W0 20 &0 &0 M0 0 200 N0 200
Tiokal Lioat Time () 40 40 40 40 40 40 40 40 40 40 40 40
£t it Greeer 1) 130 250 &0 130 10E0 800 &S00 0 S0 180 160 160
S o/l i 0f 017 05 008 o/ 03 05 0% 053 a1 011 o
wic Refio 0% 1% 18 192 115 019 212 013 073 121 0: 2
Cioiriol Ceaday 664 4543 2953 4330 S04 186 534 ITT 300 1583 905 5199
Chamsae Dislery o 0o 0o 0o o 0o 0o 0o oo oo oo 0o
Tkl Ceadsy G664 4543 2963 4350 S04 186 524 ITF 0 300 1883 %S 5199
LoE E F E F E B E B E F E F
Zooromcn Disday A | 1204 Iria 260
Eporoacn LOG F F F F

Shoea el B3 42 1485 32 OSEE  O1E 182 1Em 0 80 e IS 1%
Fruml Ui} 2 M5 20 82 133 4 30 i 12 o 1 r
20 Grmimmicera o 137 T2 13880 4323 128056 M 2H197 XA 132 V42§00 s
IOt Emirior () IO Fe &1 249 8 4 M X Y4 1w 55
WO Emimiora (oFrl 32 Fe 32 102 2955 71 550 B 36 T2 18 &
Dl ik (] 1} ] 1] ] 1} ] 1] ] ] ] 1} ]
CQhmige Lanofh 506 17 I TE < e ~1163 g1 ~2E 48 43~ 142 ~523
Qs Length 95 8) B &G 06 51 #1142 10 A B 97 M5 ¥E &I
raarral Link Do (51 a0 320 935 022

Tiarr: Bowy L (%) 400 400 40 400 50 0 X0 20
G Commemcizy (vl FE 123 1902 36 5514 1630 1336 MO0 184 18 4 163
Sarverion Cap Raducn 1} ] 1] ] 1} ] 1] ] 1] i] 1} 0
Sk T Rz Q ] 1] ] Q ] 1] ] ] ] i 0
Sormge Can Feducn 1} ] 1] ] 1} ] 1] ] 1] i] 1} 0
Flauees w Rdo 026 1% 181 199 145 019 212 013 073 141 091 2
F¥R 500 pan 0500412015 Baalin Syrckro 5 Rapor
Foel Firn Page 1
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Performance Evaluation of Koral

3: Airport Road/Keoral Road & Islamabad Express\Way 25052015

Cvole Larod: 150

Fcbanted Cyde Lemgdc 130

OFmat 005301 Aaferanced 2o oreme 2 NENE. Zoar of Greer,

{Coninol Type: PreSmes

Mamm wic Rado: 2.12

riersarion Sigrel Deley- 267 5

riaersacion Camecty Uieaton 17247

Ersmbymin Peariod (min) 13

Deamcrinion: FYP

* Lmar Brdsred Yalos

™~ iohame axpaec canecy. clsue B Feomdcal it
Chome shown B mammam afer feo Goes.

rimmacion LOE- F
U Limvod of Smpvice H

£ 05 peroare volams axnecy canecy. cumos may e omoer

Chamae shown B mamimam afer S0 Gyees.
Premme confic: betwean lame groupa

F¥R 5400 pm 050452015 Bamseline
Fminal Smzm

Syrchro & Fenort
Plage 2
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APPENDIX E- SYNCHRO REPORTS FOR IMPROVED CONDITIONS IN 2015

Performance Evaluation of Koral
3. Airport Road/Koral Road & lslamabad Expressiay 25052015

P ay rmAN AL A

—r——— OB ff Y OB OWHOM N M T

Viokame: (k] ™OBF X0 2 =X ¥ o3Em X 10T M0 3 36
L LA e M0 e NS MO0 %NS 00 087 Y00 Y0 00 09 00
Pl Blox Facior

Fri #0950 0350 0550 050 0950 *0950  0Es) #1950 0850
FF: Prodasias 0950 *0850 *0950 0950 *0E50 0550 *0850 *0950 0950 0350

S, Flow (mnod] ¥\ T T 3530 GBS 36T 215 4512 3008 1T 4106 1563
FF: Pasmizad 0550 050 0550 0550

S, Floww (e BE N FET O OSIT0 367 e 5309 3ET 10 481 1553
Sl Flow [RTOR) &

&, Floww e 161 5088 6109 M5 12685 650 &EE3 A1 23 45 TH &
Ly Grcegp Floww (i) 161 5189 6109 1215 12685 659 AEE3 BN 23 45 T BT
Erder Blockad ndmrsmcion 5] ] 5] ] ] K ] K ] K ] Mo
Wi i) ) .| 1] 2

Lirk Ofaed) 0 0 ] 0
Croeneak Wishi=) 16 18 16 15

Toaec ey L= T Limran

s Facaoe 100 100 100 100 100 100 100 100 100 100 100 100
Turmirsg Speed (mph) 15 2 13 9 13 g 13 ]
Turn Type: Pret MA camom  Prod MA cumom  GoR My Pl iR ML Pam
Fronamas Sramas 5 3 5 3 2 . 2 1 1
Famimas Sramas 2 2 2 1
Tokal Sk ) 320 S0 @0 320 S0 @0 S0 @O @0 }oo ;o 30
Tictd Lt T (] 40 40 40 40 40 40 40 40 40 40 40 40
At it G [ B0 520 0 B0 W0 @0 B0 |0 0 B/O EL X0
Lhumiad olC Rado 013 02X 040 013 OF 040 D40 040 040 016 016 016
v Fado 0% 27 3r2 2w 2% 051 8% 03 1% 18 121 1W
ool Dl 903 BITT 1ZFT TS THM4 HI0 A0 455 4499 MES 1505 S191
Chazsae Diedery 00 00 Q0 oo 00 00 00 Q@ 00 00 Qo 0o
Tioted Chdery 903 BITT 1ZET TS THMA S0 A0 455 M99 MES 1505 5191
L E F E F F D F D F F F F
Lzeromch Diadery 10339 =1 18486 55
Erernach LOS F F E F

Saoge ol 1 MIF M2 56 GIE MA T O3 131 Fe 8l 3R
Frasd Usmaidial) . i T U S [ 1 13 %0 12 3 3 FH N2
00 Emisiora (ohr 323 TR 102550 13530 125305 4G 1A40A0  BEF 134 M0 252 TR0
in Emerioea (gfhr) B 123 200 263 ME 13 3\ 180 300G 483 457 18X
WOT. Embsicea (b TS 13T OJEET O3 NTH O M9 4MSE 19 3T s 5 1817
Camma Yricles 2] ] 1] ] 1] 1] ] 1] ] 1] ] 1] ]
e Lanad 508 (5 109 ~M0E 33 ~1485 ~BE 361 ~OPRd 04 P50 g 510 ~iEAd
Chaman Lirgh 95 () 152 #2362 557 #1615 £5552  4M 2|07 23 2NV BN W #1945
rierral Link Dt (%) o] 30 k] 222

Tuares By Lo () 400 400 40 400 a0 g 23 20
B ozl (hezin 450 1EM 1844 450 4WE 1281 1180 1835 1216 M1 BsR 25
Searyarion Cmn Radiucn 1] 0 1] 0 0 ] 0 ] 0 ] 0 0
Seodloack Can Flasic 1] 0 1] 0 0 i] 0 i] 0 i] 0 ]
Hiormge Cap Faduchn 1] 0 1] 0 0 ] 0 ] 0 ] 0 0
Faduoed uic Fio 0¥ 276 372 27 2% 03 &% 03m 1w 18 121 2%
F¥R 500 pm 05042015 Bamadr Byrrro § Raport
Finnl Rl P 1
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Performance Evaluation of Koral
3; Airport Boad/Korsl Road & |slamabad ExpressWay

20SA01E

|iemecion Summery

gl Lama: 220
Aganfied] Cycle Lamgte 220
CFmac [ (3], Fisfmpmras) i v 2RENE, Zoar of Grean
Corirol Typee: Predmed
Memimam v Flaricc 5.39
risrsasion Siorl Diedery- 10039 riarsasion LOE: F
rieracion Capaty Ulipeion 33H4.5% O Ly of Sanvipe H
Frasbyans Perie! (min] 15
Diasgrirdion: PP
* Lmar Erternas] Ve
= Yiohome appeacs canety, oyt i racnicel i
Chasigm showe i mammum aer fwo pyclss.
£ 55 parpande yolume s caety, cumus may e e
Chasige showe B mammm aer fwo ples.

Premse: porfict batwean lare oroupa

YR 300 pm C504/20135 Bemeline
Faal Fiara
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