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Abstraci

This praject aims to study the traffic and Geometry of “Ein Sara Happy Bunny” junction by

making two or three alternatives to solve the traffic congestion.

Traffic count, collision histories, signal timing and surveying shall be conducted. The collected
figld data and vbservations will be organized and analvzed by Highway cepecity Menual 2010
producer. DifTerent modeling wols will be used to analyze the existing and proposed condition. The
analysis leads to the development of possible design alternatives that were evaluated in vrder o
determine which wounld be recommended. Set of recommendations would be sent to Hdhron
Municipality 1o be considered as [uture solution for this interseciion. The Model will reveal safety and

effectiveneas results.
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CHAPTER ONE

Introduction




Chapter Cne
1.l packorownd

Intersections arc a critical component of the roadway system frequently act as a
choke points on the traffic swstem. In addrion, imcrsection crashes account far
approximately 39.7 % of all crashes (Federal 1lighway Admmistration 2007). As critical
camponent of the tratfic system, inlerseetion desigo is balancing act of various elements
und constrains to produce a solution that will address mobility, safety. environment and
financial sspects of the project. From this point of view the TrafTic Engineering sludents o
to conduct & study on the pussible redesign of the mtersection of happy bunny “Ein Sara

Street”™ which iz the vein of Hebron city centar.

1.2 Location Deseription

"The intersection is located in Fin Sara Streer in Hebron city (Figure 1.1). Hebron
({(Khalll Al-Rahman) is one of the oldest centinuously inhabited owns in the world, its
Amabic name, Khalif al-Kafman. Ancient Hebron was situated on Jebel Ar-Rumeideh (the
Rumedeh hill), Incated sonthwrest of the current histarie town. It lics 930 melers sbove sea
level, Arclmeological investigations show several layers of habitation, dating from the
Chalcolithic period down to the Umayyad period The city has always been known as the
burial place of the prophels Abraham/lbrahim, [shag, Jueob and their wives. During the
Roman period, Harod the Great (73-4 BC) built a massive wall to enclose the cave of the
prophets’ tombs. Aller the conguest of Hebrom by the Crusaders (1099), this enclosure was
tarned mto & church, and subseguently, afier Salsh Al-din’s retaking of the city in 1187,
into o mosque. Inside it, s walnot-wood carved sindur (pulpit) stands near the prayer niche.
It was brought by Salah Al-din from Egypt and i= helieved to he among the oldest wooden
Islamic pulpits.

Hebron is o busy hub of Palestiman trade, responsible for roughly a third of the area's
gross domestic product, lergely due to the sale of marble from guarmies. It s locally well

known for its grapes, figs, limestone, pottery workshops and glassblowing factories. The




ald city of Hebron is characlerized by narrow, winding stroets, flal-roufed stone houses,
and vld bazmars. The city is home to Hebron University and the Palestine Polytechnic
Umiversity and notably has no einemas or places of entertainment. Habron is detached to
cities of ad-Dhaniriya, Dura, Yatta and Halhoul, the surrounding villsges with no horders.

Hebron s also the largest Palestinian govemnorate with its population of 600,364 (2010).

1.3 |"H'-|:1*|.'1 n|4'|1'-.'.'i'.'\

The traffic flow patterns in the intersection and the bad geometry of the intersection
are part of why a redesign of this particular intersection needs to be explored. The purpose
of this project is the analysis, and re-design of the intersection. We would like to improve

the flow of traffic through this intersection. The solulions could be as simpls as changing




the tratfic signal timing, or maybe as complex us re-designing the geometry of the entire
intersection. One of the curvent prablems with the intersection it's geometry und the driver
behavior which decrease the level of service of the intersection. The chjective of this smdy
15 ta analyze and re-design the intersection o merease its safety and efficisncy.

» Traffic study ( level of service ) for existing conditions

= (eometric Enhancement

L4 Project TVimeline

In this praject we planned for our work as illustrated in the following tahle:

Table i, 1! Prajecy Timeline

|




L.5 Prujert Scope of work

Our team would like to find solutions to all of the flow and safety problems
experienced at this intersection, Tf the city is able to contral these issues, the traffic would
flow through thix intersection with relative ease, T'o accomplish the project ohjective,
traffie data must be collected, the dala must be analyzed, a new design formulated, and a
vost-benefit analysis for cach of the recommendations will be performed. This analysis will
show which of the recommendations are the most realistic and the most cost-effective with
e materinls and tools that wre al the cily's disposal.

: « Traffic volume
(SERALIEBRIER + Signal Timing
= gragh Dala

[esizm

Altematives

Recomendations

Flrmsre 1 & dlesiom TR R




The goul of the following chapters will be 1o understand all of the intersections

deficiencies that are greater issucs now than in previous years,

o Chapter two will be dizeussing the existing conditions of the intersections
in question as well as the sources that have been used for this project.

» Chapter three will present the dota which gathered in visits to the
interscetion.

« Chapter four shows the basics of analysis

+ Chapter five a presentation of the design altematives recommended

alternatives.




CHAPTER TWO

Background




Chapter 2: Background

I order to gam perspective into the intersection being swdied. it is important to
examin: background texts and refer to materials that outling industry standards relating to
intersection design, Putling in mind the aim of the project which is to improve the averall
eiliciency and safety, by proposing a series of Altematives. This chapter provides a context
by describing the existing conditions of the intersection wnd detaibing the necessary
guidebooks that will be used Lo 2ssure the proposed design of this intersection meets
indusiry standards and the aim of the projeet, Overall, which is divided into:

= Existing Conditions

= [nterseetion Design Procedurs
= AASHTO & HCM2010

*  Microsimulation

And we are going to give a general Idea about intersections in traflic engincering
1.1 Existing Conditions

The intersection is a four way signalized at Fin Sara. which is the major street for
signal purposes, The northbound and southbound approaches has four lanes; two of them
are through, one exclusive for the left tum and another for the right tum. The castbound

appruach has one lane for through and left urns and an exclusive lane for right . The

Following figures illustrutes the existing conditions,




Fignre 2. 1 Exwiing Consdlivocy Sosdh ammrae i
— i

Fioptpe 2. 0 oty Camdiiien North apposach |
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2.2 Totersection Design Procedare

In order to analysis to find oul the ways, to re-design them, certan procedurcs arc
followed and carried out. The amnount of traffic going through an intersection is the most
important aspect of this and is determined through collecting various types of data These
data arc then unalyred by traffic procedure to determine what can be done to ensure clean

Operation.
2.2 1 T raffie valumes counls

Traffic valume studies are conducted to determing the number, movements, and
classifications of roadway vehicles at a given location. Thesc data can help identify critical
flow time periods, determine the inffuence of large vehicles or pedestrians nn vehicular
traffic flow, or decument traffic volume rends, The lenplk of the sampling period depends
on the lype of count being taken and the intended nse of the data recorded. For example,
an intersection count may be conducted during the peak flow perod. Tf sp, manual connt

with 15-minutz intervals eould be used o obisin the trattic volume dara

Two methods are availeble for conducting trsffic volume counts: (1) manual and
(2) sutomatic. Manual counts are tvpically nsed to gather data for determination of vehicle
classification, fuming movements, direction of travel, pedestrian movements, or vehicle
occupancy. Automatic counts are typically used to gather data for determination of vehicle
huurly patterns, daily or seasonal variations and growth trends, or amnual (rafTic estimates.
The selection of study method should be determined wzing the count petiod, The count
period should be reprosvatative of the lime of day, day ol month, and maonth of year for the
study area. For example, counts at a summer resart woald not be taken in January. The
count period should avoid special event or compromising weather conditions (Sharma
1994). Count perieds may range from 5 minutes to 1 year, Typical count periods are 15
minutes or 2 hours for peak periods, 4 hours tor morning and afternoon peaks, 6 hours for
morming, midday, and aftermnon peaks, and 12 hours for daytime periods (Robertson 1994).

For example, it you were conducting a Z-hour peak period count, eight 15-minute counts

would be requircd.




Unformunately the technology in counting weren't provided by the city municipality
m Hebron cily, so we resorted to manual counting by setting four persons on the
intarsection. each one count the cars and heavy vehicles from one of the intersection
approach. Most applications of manual counts require small samples of data at any given
location. Manual counts are sometimes used when the efforl and cxpense of automated
equipment are not justified. Manual counts are necessary when automatic cquipment is not
availahle.

Here we iltustrate and talk a little about some technologies which are used in traffic
counting by taking in mind that the fragility of uaffic engineering in general in this sity
and west bank.

Automatic Traflic Recorder (ATR ) Counts arz usad inmany countries and institutes
to find the amount of traffic going through the interscetions aver the course of an average
week, These are dune with electronic ATRs, These find information about the roadways
such as volume, speed and number of trocks. The results of these sre used towards
analyzing different pieces of information including Average Daily Traffic, Average Annual
Paily Traffic, accident rates, and paak hours, Ina similar fashion 1o ATR counts, Traffic
Management Center (TMCs) arc used to determine the trends of traffic flow in
intersections. These are done 2ccording (o procedure and are during times of the day when
traffic iz at its highest, known as peak hours. With the use of ATR and TMC counts,

numbers are made available for the purpose of designs.

2.2.2 Peak Hour Factm

The relationship between the hourly volume and the maximum rate of flow within

the hour 15 defined by the peak hour tactor, as follows:

Hourly volume

PHE = (2.1)

max.rale of flow




For standard 15- nunute analysis period, this hecomes:

3G o 4
PHF = e

—
Ira
[

—

Where: 'V = hourly volume, vehs
Vinis — maximum 15-Minute volume within the hour, vhs
PHF = peak hour factor

The maximum possible value for the PHF is 1.00. which occurs when the volume
in each interval is constanl, For | 5-minute perinds, each would have s volume of exacthy
ene guarter of the full hour volume. This indicates a condition in which there iz virtually
no variation of flow within the hour. The mimimum value necurs when the entire hourly
volume oceurs in & single 13- minute inferval. [n this case, the PIHF becomes .25, and
represents the most extreme case of volume variation within the hour. In practical terms,
the PIIF generally varies berween 2 low .7 for raral and sparsely developed areas to 0.98

i dense urban areas
The peak- hour factor is descriptive of trip generation patterns and may apply to an

area or portion of a street and highway system. When the value is known, it can be used to

estiinule 1 maximum flew rate within an hour based on full hour- vohame:

= — (2.3)

A
PHF

Whers: v =maximum rale of flow within the heur veh'h

V = hourly volume, vehis
PHF = peak hour factor




.23 Sipnal Timing

The signal tming of an intersection is of great importance to an intersection stady.
This is the ampunt of time the intersection controller sels aside for each approach at an
intersection. Signal liming is divided into phases. A phase is the amount of ime given for
a certain approach to be given clearince to proceed through the intersection, via a green
{and eventually vellow) light. The phasing and timing of an intersection can be determined
by vigitmy the intersection firsthand and measwrmg tme mtorvals. In he situation of the

current intersectioit

2.3 Analysis
Onee the data was collected, the Iollowing analyses were conducted:

= Compiled all counts and examined for trends and 1n consistencies,
= Review the connection between accident and the intersection,
= Perform signal timing analyzis and

» Petform d level of servicoe analysis,

The analysis was to address the issne of signal timing and phasing The current
timing was analyzed for its level of service. This invalved the use of a software Syncro 9
amd vissim. For this analysis, counting dala was entered into the program along with gignal
uming data and intersection geometry procured from ficld observations. For the pompose
of analyzing the worst case scenario of the Intersection, the maximum tmings [or cach
phase were used for the 1.08 analysis to simulate the worst case scenario. This entails
entering peak hour values inlo software to determing what the level of service of the
intersection s, This is a letier grade, renging from “A” {optimum) 0" F* (failure to
aperatz).



The findings that were generated through various data cullection activities and
ehservarions were then used 10 analyze the conditions of the intersection, and eventually
lead to the evaluation of changes recommended at the intersection. The analysis consists

of’

s Level of Service Analysis,
s [niical Analysis and
o Visual Analysis.

2.3.0 Level of Service Analysis

The initial conditions of the intersection were analyzed using Svnchro 9, a program
that performs a level of service analysis of signalized intersections. The initial information
cntered into the program was done with the volume collected through Geld counting a
discussed in the previous chapter. The maximum interval length for each phase was ussd
in the analysis, because it was believed to be the must problematic situation. The afternoon
peak hours weren't that different from the marning peak hour, theretore the level of service
(LOS) conclusions were based off af the results for the morning and afternoon peak hour.
A level of'service analysis 1s based ofT of the delay the average vehicle must expericnee in
order to ga through the intersection. The volumes during the peak hour, the peak hour
factors, the geometry of the intersection, and the signsl timings are all inpulled into
Svnchro 9, and the average delay 15 calculated. The amowunt of delay is then defined by a
fetter “grade.” If the delay is between zero and ten scoonds, the grade is an “A." between
ten mnd twenty, & “B,” between twenty and thirty, a “C.” and so forth.

2.3.2 Coneepiual Framework Tor the HCM 2000 Meihodology

There are five fundamental concepts used in the HOM 2000 signalized inlersection
analysis methodology that should be understood before considering any of the details of

the model. These are:

e The eritical lane group concept




The vs rativ as & measure of demand
* Capacity and satration flow rile conoepls
» Level-of-service criteria and concepts

» Effcotive green time and lost-time concepts

233 Sutaration flow rites

The key, and most complex, part of the HCM model is a msthodology for
estimating the sarurarion flow rate of any lane group based on knawn prevailing
traffic paramerers. The algorithm takes the form:

:‘!—ﬂ =5rNI[fJ :_.r 4]

Where: Si= satwration flow rate of lane group i under prevailing conditions, vehvhg
S = saturation (low rate per lane under base conditions, pc/ha/in

N = anmber of lanes in the lane group

fi = multiplicative adjustment factor for cach prevailing cundition 1

The HCM now provides 11 adjustment factors covering a wide vanety of
potential prevailing conditions. Each adjustment factor imvolves a separate model,
some of which are quite complex. (Refer to Traffic Engineering text book P.Roess

for more information)

L34 Capacity of a Lane Group

The saturation flow rate is an estimate of the capacity of a lane group if the

gsignal were green 100% of the time. In facy the signal is only effectvely green for
a portion of the time. Thus:



2.3.5The vie Ratio

Ci= 5% (2.5)

Where: (i = capacity of lane group 1, veh/h
5:= saturativn ow rate of lane group i, veh/hg
= effective green time for lane group i, s
U= ¢vile length, 5

I signal analysis, the VIC ratio is often referred to as the “degree of
suturaion” and given the symbol “X.> This is convenient, 4s the term “vic" Appeirs

m many equations that can be more simply expressed using & single variabls, X

The vie rativ, or degree of saturation, is a principal output measure from the
analysis of a signalized Intersection. It is a measure of the sufti ciency of availabie
capacity to handle existing or projected demands, Obviously, cases in which VIC
= L.00 indicale a shortage of capacity to handle the detnand. Care must be taken,
however, in analyzing such cases. depending on how the vic value was determined.

{v/s)g

(2.6)

Xj=2=
S

\F/iC

Where: Xi= degree of saturation (vle ralio) for lane 2roup i
vi = demand flow rate for lang group i, velvh
Ci=eapacity for lane group i. veh/h
(vix)=flow ratio for lune group i

(8/C)i= green ratio for lane group i

17




Yo = L[ Vg LV e dei (2.7}
& S » ] T I[ /
Li[ 5 e J.l] E;!‘J' 'fr |

Where: X.= cotical v/c ratio for the inlersection
Ve = demand low rate for critical lane group i, veh/'h
8 = saturation flow rate for critical lane group i, veh/he g
g, — cffective green time for critical lane proup i, 5

C = ¢vcle length, s

The critical v/c ratio, X, is an important indicator of capacity sufficicncy in
analysis, If X, 15 = 1,00 then the proposed physical design, cycle length, and phase
plan are sufficient to handle all critical demands. This does not mean that all lane
groups will operate at Xi <[.00. It does, however, indicate that all critical lane
groups can achieve Xi =1.00 by reallodating the green time within the existing cvele
and phase plan. When X, > 1.00, then suificient capacity may be provided only by
ome or more of the following actions;

» Increasing the cycle length
s Devising a more efficient phase plan

s Adding a lane or lanes to one ar mare critical lane groups

236 Level-ol-Service Concepls and Criteria

Level of sarvice is defined in the HCM in terms of total control delay per
vehivle in a lane group. *Tatal control delay” i= hasically time in quene delay, plus

aoceleration-deceleration delay. Level ol-servive critena are shown in Table



Level of Service ; Cantrol Delay (s/veh)
=10
=020
>20-35
#3555
=55-K0
=80

mHOA TR

Delay is not 4 simple measurs, however, and varies (in order of importance) with the

following measures:

s Quality of progression
» Cycle length
= (resn fme

& v/otatio

LA.7 Effective Green Times and Laost Times
In terms of cupacity analysis, any given movement has effective green time,
gi. and effective red rime, 1. Table tlustrates how these values are relared o actual
green, yellow, and red times in tha HOM

gi= G +Y;—1

g = [r‘j = :I; TE (2.8)

r.; = |: = 14:;]
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Where:  gi= effective green time for Phase i, 5
{(ji = actval green timne for Phase i, s
Yi = yi + an sam of vellow and all-red time tor Phase i. g
tz; = toeal lost time for Phase i, s
Li= start-up lost timme, &
e =gxtension of effective green into vellow and all-red s

2.3.7 Analvsis Time Periods

The basic time period tor analysis recommended by the HOM remains a
peak | S-minute perind within the analysis hour, which is most often (bul necd not
be) one of the peak hours of the day. The HCM 2000, however, provides for some
flexibility i this regard, recogmzing that delay is particularly sensitive to the
analysis period, espevially when oversaturation exists, There are three basic time
opltions for analysis:

. The peak 15 minutes within the analysis hour
2. The full 60-min analysis hour

3. Sequential | 3-min periods for an analysis period of one hour or greater




2.3.8 The basic structure of HCM moded

The Input Module
Geometric Parameters

Tmf"fﬁ: Parameters
Skgnal Parameters

Saturation Flow Rato Module

Basic Saturation Flow Rate

Ad justments for Prevailing
Conditions

Eapachty Anabisk Modube
iz Ratios
Critienk-Lene Craups
Lane Group Capacities
wfc Retios
Crizical vi'c Rmtic

Lavel of service Module
Delay |
progression Adjustmert
LS
Back of Queue |

.., I
¥,

Furire 2050 The bavic worueiorn " HCA mli!



2.1.9 Dawn Requirements for Each Lane Gronp in Signalized Intersection Analysis

Types of Condition
Geometric Conditions

Tratfic Conditions

Signalization Conditions

nix o Eoch Lane Gy i Sicrrageed Tnbsisegiiin  Loa (i

Parametcr
Area Type (CBD, Other)
Number of Lanes, N
Average Lane Width, W (ft)
Grade, G (%%)
Existance of LT or RT Lunes
Length of Storage Bay for LT or RT lunc (R) Parking
Conditions (Yes/No)
Demand Volome by Movement, V (velvh) Base
Saturalion Flow Rare, 5o {(pehg/lng
Pcak Hour Factor, PHF
Percent Heavy Vehicles, PT (%)
Pedestnian  Flow i Contlicting Crosswalk, wp
(peds/h)
Local Buses Stopping at Intersection, NB (buses'h)
Parking Actvily, M, (maneuvers’h) Arrival Type,
AT Propartion of Vehicles Amiving on Green, P
Approach Specd, A (mi‘h)
Cyele Length, C (8)
Green Time, G (s)
Yellow Plus All-Red Interval, Y (s)
Type of Operation (Pretimed. Semi-Actuated, Full
Actuated)
Pedesrian Push Butlon (Yes/No)
Minimum Pedestrian (rrean, G, (s)
Phase Plan Analysis Period, T (h)




13,10 Capacity Analysis Module

In the Volume Adjustment Module, lane groups were cstablishad, as were
demand flow rates, v, for each lane group. In the Satration Flow Rate Module, the
saturation fow rate, s, for each lane group has been estimated. Now, hath the
demand and saturation flow rates for cach lane group have been adjusied to reflect
the same prevailing conditions. Al Lhis point. the ratio of v to s for cach lanc group
can be computed. Tt is now used as the varisble indicating the relarive demand

mtensity oo each lane group.

In the Capacity Analysis Moduole, scveral important analytic steps arc
accomplished:
1. Thevs ratio for each lane group is computad,
4. Relative vls ratios are used to identify the critical lane groups in the phase
plan; the sum of eritical lane group v/'s ratios 1s computed.
3. Lanc proup capacities are computed.
4. Tane group v/c ratios are computed.

5. The critical vlc ratio for the intersection is computed.

1.3.11 Level-of-Service Madule

Levels of service are based on delay. In the capacity analysis module, values
of the v/¢ ratio for cach lane group will have been estahlished. Using these results,
and other signalization information, the delay for each lane group may be computed

L

d =d,PF +d, +ds (2.9)




Where; d = average control delay per vehicle, siveh
d; =average uniform delay per vehicls, s/veh
PF = pragression adjustment factor
s = additional delay per vehicle s/veh
PF = additional delay per vehicle due 1o & preexisting queue, siveh

Uniform Delay

Uniform delay is obtuined using webster's uniform delay equation in the following form:

0.5€C)|1- ‘;’r,r'l,_- .

d, = (2.9.1)

1-{min(Lx)=( %__'H

Where: C = cycle length, s
g — etfective green time for lane group. s
X = vic ratio for lane groop (max value =1)

Incremental Delay

The incremental-delay cquations is based on Akeelik’s equation and includes incremental
delay from random amvals o= well as everflow delay when v/s ratio =1 .00, It's estimated
as:

d, = 900T[(X — 1) + Jl{,\' —1)* +

SkIX

il iy

(2.8.2)

Where: T = analysis tme period, h
X = v/c ratio for lane group
¢ = erpacity of lane group, veh'h

k = adjustment fuctor [or tvpe of controller

T=upstream filtering'metering adjnstment factor




Initial Quewe Delav

18000y, (1+u)t .
dy = - (2.9.3)

Where: Ob = size of initial queve at start of analysis period T,veh
¢ = capacity of lane group, veh'h
T — analysis period, h
t = doration of oversgluration within T.h
u — delay parameter

(Refer to Traffic Engineering text book P Roess for more details)

2.3.12 Crash Daia

Another impottant aspect of designing an intersection is the collection of crash data.
Thas is the basis for safety analyses. Cellision disgrams are made with accident reports that
show which types of mtersection occur, what the problem regians of an intersection are,
and the overall frequency of erashes that ocour. These are then referred to in an analysis of
the data that includcs calculations of erash rates and other similar statistics. We have visited

the police department in 4/3/2014 and they assured us that the happy bunny intersection is

not sule and lots of aceidents happen there.




2.4 AASHTO & HOCM 2110

Through this project, there are a series of important resources that have been
referenced. All procedures and designs outlined in this report conform to the standards set
by transporiation organizations. Regulations set forth by AASHTO and HCM 2010,
publications are referenced. In addition to these references, the text hooks of Traffic &
Highway Engincering 4™ Edition by Garber & Hocl, end Traffic Engineering (41h

Edition) by P. Roegs, 8. Prassas and R. McShane are in use.

2.5 Design Alternatives

I order to discover allernative designg, the program Swvncro 9 and vissim used (o
determine the level of servive improvement for ditfercnt aliernatives, Ditferent kinds of

changes in the intersections were examined, incliding:

*  Signal Timing,
»  Wumber of lanes and

»  Geomeoy of the interseclion

L6 Microsunilation

The psycho-physical car-following model by Prof.Rainer Wiedemann was
developed al Karlsruhe of Technology in 1974 and 1999, It daseribes the movement of
traffic on a single lane. The maodel is implemented in the TVT Vissim simulation and can

be adjusted by the user via parameters in line with foeal condiions.

The Modeling of driving behavinr iz the core of traffic simulation. Viehicle
movement models are a key element 1n being able o replay dynamics in 2 realistic

Manmner.

The vehecle following model describes 4 stales:

1. Free drving: The driver at this or her desived speed provided there are no

obstacles in front of him or her. Such obstacles may include for cxample

&



slow moving vehicles, red traffic lights or petential collisions with
vehicles changing lznes.

Approaching: The driver recognizes that there is 4 slow moving vehicle in
front of him or her and brakes within the desired gap. In PVT Vissim, wis
pussible to define different driver and vehicle characleristics for differont
vehicle classes and types, such as the rate of deceleration when
approaching the vehicle in front.

Following: The driver trics (o midinlain his or her distance from the vehicle
in [ront when following 1. However, the distance between the two
vehicles oseillates -sometimes the speed is slightly higher, sometimes
laver

Braking: It a vehicle reduces its speed downsiream, then the vehicle
behind must also brake. For esch vehicle, vissim checks invach
simulation aome step the distance and the difference in speed in relabon 1o

the wehicle m Gond,

Lane changing, there are two different types of lane changing:

I. Frec lane changing: Free lane changimy takes place when over
taking slow moving vehicles, 1. when an individual s desired
spead higher than the person in front. Artention must ba paid to
ensure that vehicles in the other lane are not unduly alfected by
this.

2. Neeessary lane changing: This oceurs if the driver needs to change
lane e g in arder to follow a route. The closer the driver gets o the
decision making poiot, the more aggressively the driver behaves
and 15 prepared to accept the hindranecs poscd by other drivers.

Other vehicles also co-operate in order to allow the driver to

change lansas,




Lateral behaviar within a lane: The choice of position within a lane is
always important if vehicles are able to overtake cach other within a
particular lenc and are able (o be side by side. This is the casz on cvele

paths or on regular streets in certain regions, [or example.

The following picturcs show shots of the happy bunny intersection in

microsimulation:




CHAPTER THREE

Methodology



Chapter 3: Methodology

The mechanism of wark data that was collected for this project is presented in this
chapter. Much of the data has been gathered by visiting the intersection site. The following
data arc discussed in the following sections in this chapter.

»  Trathe volumes

= PHF

* General obscrvations and

= [ssues that affect re-desi amn.

J.1 Counting and peak hour facior.

The most impaortunt data collected on-site by serting four people on the four sides
of the intersection and manua! counting. This data presents a complete picture of the rends
and parterns in the currént intersections and are used in the design process,

We have counted for three days spread throw the week in the moming ond

afterncon. The counting method was for 15 min count

The catire sel of volume data collected can be found in Appendix A: Traffic

Volumes, but it is summarized in this section. Showing the maximum velumes and peak

hour factor tables and charts of the intersection as the worst scenario,
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A3 General Observalions

The general observations that were noted durmy visits to tha intersection include:
Types of traffic using the intersection,

Signal Timing,

Traffic aperationy

As noticed from the previous tables, the majorily ol the traffic traveling through the
intersection during (he peak hours was going north towards “Ra’s Al-Jorh™ and south lowards
the center of the city, This is why many of the drivers wha use this intersection are assumed
to be commulers going toand from their warkplaces. School buses were another comman type
of vehicle which uses this intersection, as were students commuting t the schoals and colleges
of the region (i.e., Palesting polytechnic University and fTebron University), Other types of
vehicles seen using these intersgotions included dump trucks, (railers and general heavy trucks,
but they were not overly prevalent. In addition, there were & number ol businesses in the area
including stores and restaurants. These businesses were also commaon destinalions for
passenger vehicles travelling in the area. The majority of the vehicles ar these intersections

wore cars, light trucks, and vans.

The use of the crosswalks by the pedestrians was also observed. Unfortusately, there
is a lack of awareness by the people of Hebiron city, where there is almost no one use the cross
walks. However, there was never more than ome per hour to cross from the cross walk, Also,
there was preater pedestrian wraffic in the afternnon than in the moming, even though they
were crossing from the middle of the street. The pedestrian traffic was neglected during the

analysis of the intersections.

231 Sipnu! Timing

The signal tming was the most impartant aspect of the intersection that was studied.

and was the main design aspect of the possible re=designs. Signal tming is significant because

50




it dictates how traffic flows through intersection. Unfortunately, not a piece of information
was provided by city Municipal about how the signals are working or what are signal timing
plans.

Observed signal timing

Some specific signal Gming observations were made al around 5 PM oo Saturday

evenmg and are summarized in the tahle helow.

Tahfe 3 11 Dhierved siomal gjanng

Phizase Approach Carcenis) Yellow (50
1 NBL & SRI 1242 207
2 NBT.NHR,SHT &SBL 15.06 2.02
3 WR(T.LR) 15.54 1 89
4 EB(T.L) 13.59 1.73

Note that there isn't any docomentad observation to compare with.
Existing conditions LOS Analysis

The result of analysis of the existing conditions:

Tahfe 3 P20 Lowd ol soveinee exivting coirddinm

Exlsting condition EB we NB a8 intersection

Defay [zec] 53 58 i3 6 525 479
LOS B l C D 8]




14 Tesuex That Aflect Re-Degign

There are some characteristics uf the site that must be taken inte avcount in analyzing
the possible redesigns of the intersections. These physical bamcrs challenge the

implementation of major re-designs at this interseclion.

1.4.1 The geometry and the buildings surreunding

The bad geonietry of the intersection affeet the level of service and it will be hard to
change the geometry because of the buildings around the interseclion,

52



3.3.2 The truffic in Ein siira strep!

. In this project we consider that Ein Sara Street is the vem of Hebron city. So any
construction in the area of the intersection will affect the whole movement from and into the

center of the ciry.




CHAPTER FOUR

Design Alternative




Chapter Four: Design Alternatives

The design process for the Happy Bunny intersection conducted with the goal of improving
the level uf service, flow, and overall functionality of this complex intersection. This process begin
by identifving several possible alternarives the alternatives to see which would make the largest

impravement. The allernatives for designing the nrersection considered are the following:

= Signal timing changes,
» Changing the whole geometry of the intersection by developing a multilevel.

4.1 Signal timing oplimizing

The first possible alternative of re-designing the intersection 1s Signal iming
optumizng. This is the most preferable form of Intersection change because it doesn’t nead
construction and takes almost no meney to accomplish compared to other types of changes.
The only cost is the time it takes for the municipality employee already on payroll to go to
the signal controls on site and change the signal times. The optimizing of signal timing
possibilities. and the overall evaluation of the intersection was done using the programs
syncro 9 and visuim 7 for Signals optimizing, which is used to caleulate the fevel of service
of intersections, This application uses multiple Signals controller’s files and analvzes how
they function in conjunction with ong another.

increasing the Overall Cyele 1

While changing the signal timings would have been the hest option economically, it
15 a yery difTicalt solution to achieve with the eircumsiances of the intersecrion. If any
change was made to the intersection timings that compromised the ratios between each of the
directions, the overall level of service for the intersection decreased dramatically. The only
changzs that improved the interseetion were to decrease the uverall signal times of cach
phase at (he happy bunny intersection by a percentage. Tlis change does twa things in
theery: first, it decreases the total delay for each approach, and sccond, il decreases the
maximum queue length in all approach, in our case we have decreased cvele length from 96

5% s




Tahle, below, shows the level of service results of changing cycle length from 96 to 50 s,
When compared to the current level of service, it can be seen the tiny improvement in delay

for all approaches as we see und we can notice that the signal timing in the happy bunny su

critical.
fuble & 1= ¢ LR T Bttt femrt] o merevie et ol lnitoge oovndiiforse axid spomnzead s Binang.
Existing condition EB Wi NE 5B Intersaction
Delay (s=) b 758 33.6 525 a7H
LES D E L D D
Optimized EB wa NB 58 ffersectian
Delay (s=c) 271 Ac.4 29 722 41

LG5 C P i E 3]
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4.2 Owverpass design

Rising traffic conpestion is an inescapable condition in large and growmg areas across the
world. Peak-hour fraffic congestion is an inherent result of the wav modern socictics operate. It
stems from the increasing in populaiion widespread desires of peaple to pursue certain goals that
mevitably overload existing roads and transit svstems every day. Dut everyone hates traffic
comgesrion, and it keeps getting worse, in spite of attempted remedies.

Commuters are often frustrated by policymakers' inability to do anvthing about the problem,
which poses a significant public policy challenge. Although councils may never he able 1o eliminate

road congestion, thare are several ways cities can move to curb it

The population in Hebron has been increasing the last few vears and so the traffic congestion
throw peak hours Here if we don't think in different way, looking for new creative solutions,




» Eaw

Hebron center will be movesd again away from the old center serving the ambitions of the occupation
who 15 looking for Gaps to spread his domination in Hebron city.

From this point of view we managed to look into a different way of thinking to be applied in
Hebron city to keep the wheel of life running in the center of this ¢y,

The project will:

Pruvide nun-stop access between the Svuth and north of the intersection
Maintain local aceass to the area

Improve traffic efficiency and safety

Encowrage and cahance walking, ¢veling and public transport options
Enhance local access for the community

Provide oppurtunities for urban, landscape and environmental improvements

Alternate Concept Scheme

& A roundabout in the level of the existing intersection connecting the minor strects with the
majur street

o A lowered, non-stop motorway passing undemeath the roundabout with ong lane o the north
and another to the south

s Main Road {at grade) service roads alung both sides of the lowered motorwsy to provide
conniections to the roundabout

+ Enhanced overall traffic performance with the majority of traflic wanting to pass throngh the
local area able to do so through the motorway, leaving only local traffic using Main street (at
grade) service roads

s Improved safety for pedestnans and cyelists due to Main Road (at grade) being positioned on
the cutside of the motorway, resulting in smaller, staged intersections and crossing poinis

» Noimpaet to Main Road Intersection. The design has taken into consideration the future
transport needs of orher intersection and allows for connection (o the next stage of upgrade in
the future.

Table, below, shows the level of service results of Changing the whole geometry ot the intersection
by developing & multilevel intersection consist of 8 roundshout and underpass. When compared to
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the current level of service, it can be seen the huge improvement in the level of service for all
approaches and this would be a long term solution implement 2 new era of highway design in
Hebren Cily and other Palestinian cities.

Tk 4 2 Eeineimn comitmu lrve! o serifee
Existing condition B WE NEB sSB Intarsectian i
Delayliec) 53 2 758 336 525 47.8 =
LOS D F C (B D
ICU Leval of o

Sorvice

ICL!: inferseetion capaeity utilicy

In the design of the alternative the ICTT level of service has increased to B for the
Roundabour.
The underpass LOS is A with almost 0 delay. And these restilts serve the intersection for

long perind.




4.3 Conclusion & Recommendatinns

I'he recommended altematives should be used to improve the intersections separately and the
arterial as a whole. The peal is to increase safety, decrease queue Iimes, and improve the pverall flow
ol'both of the mtersections. The recommendations consist of the most effective choices from the

redesign alticrnatives section
Recommendation #1 — Signal Timing (Short term solution)

The first of the recommendations is the signal timing which is discussed in detail in the design
alternatives section. The inilial changes made 1o the signal timing should include changing the
timing from the current timing to eighty percent of the current tming. This would help decrease the
queve lengths and ymprove the flow of traffic. The advantage of this alternative that it has no cost
and doesn 't need tmis fo be applicd. But thus solution i5 for a short period like 4 or 5 years al max.

&0




Recommendation #2 — Underpass Design (Long term solution)

The underpass is also an altermative that will be recommended for the improvements to the
mtersection. Provide nun-stop aceess between the South and north of the intersection, Maintain
local access to the arey, Improve trilfic elfiviency and safety, encourage and enhanee walking,
cycling and public transport options, Enhance local access for the community, provide oppurtunities
far urhan, landscape and eovironmental improvements and compliment the eultire and unigue
character. Thiz altersative would solve the coagestion in the intersection showing effective and safe
results and for a fong pertod. But with this cffectivensss come high cost and and construction which
will last for a year and that would affect economie in Ein Sara street
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\ppendix B: Signals Analysis Reports

Report 1= Existing conditions

£ oy = ANy 2N | :
Lane Configurations v " - ¥ _ N
Volume (vph) 112 148 23 73 122 132 = 19] 786 22 14 585 a9
ldeal Flaw {(vphpl) 1800 1200 4800 4R00 4800 1900 1900 4800 1800 1900 19204 1900
Lane Ltil, Factor 100 100 100 100 100 100 100 0095 095 100 095 095
Fr 0,650 0.94E 0.885 0888
Fil Protected 287s 0.289 0.850 0.850
Satd. Flow (pret) 0 1844 1801 g 17a2 o  178ge 3534 0 1788 3528 1]
Flt Parmitted 4.879 .98y 0850 0.850
Sald. Flow (parm) 0 1B44 1501 o 1762 0 1788 35564 0 1789 3528 i)
Said. Flow (RTOR) o4 b | = ] 12
Link Speed (k) 50 an 50 50
Link Dislance (m) 171.8 99,3 283.2 2258
Travel Time [g) 12.6 74 212 16.9 !
Peak Hour Factor 083 0B85 088 083 088 068 088 088 088 088 088 083
Haawy Vahicles (%) 3% T 3% % 3% 3% 3% 3% 9% 3% 3% 2% 7
Adj. Flow (vgh) 127 168 94 83 139 150 V4 B93 25 220 4020 104
Lane Group Flow (wvph) 0 285 0d - ! f 74 918 8 220 1121 ]
Lana Alignmant Left Left Right Left Left Right Left Lefl Right Lsfi Lef Right
Crosswalk Widihim) 16 1.6 1.8 18 |
Two way Left Turn
Lanea
Headway Factor 099 093 0B 099 098 089 D99 D99 0% 089 099 099
Tuming Speed (k/h) 24 14 24 14 24 14 24 14
Tum Type Split MA  Perm Splhit BA Frot PA Prot (Y
Protected Phasas 4 4 = ] 1 2 1 2
Famittad Phases 4
Mirimum Split (5] 226 226 928 285 245 9.6 225 BS 225
Total Split () 226 225 26 25 225 154 367 154 357
Total Split (%) 23.4% I34%33.4% 23 4% 23.4% 16.0% 371% 16.0% 37.1%
Maximum Green (s) 185 185 185 185 105 124 2327 124 327
Yellow Time (s) 20 20 20 20 20 2.0 2.0 20 20
All-Rad Tima (5] 18- 10 100 k0 10 10 148 1.8 b
Last Time Adjust (s) 00 o0 0.0 0 DO 0.0 00
Total Lost Time {s] 30 a0 3.0 30 30 Ay Ao
Walk Tima (g) 7.0 7.0 7.0 7.0 7.0 7.0 7.0 T.0 7.0
Flash Dont Walk (s) M0 118 110 110 110 1.6 110 110 110

i




Act Effet Green (s) 145 195 9.5 124 327 124 2327

Aclusted g/C Ratio 020 020 o.24a 0.13 034 13 034
wic Ralic n7a 024 0.97 0:32 076 088 0183
Cantrol Dalay 530 86 75.8 423 329 827 445
Total Delay 530 88 7548 423 328 2.7 44.8
LOS D .5 E 0 F D

Approach Delay 423 75.8 336 §2.5
Approach LOS D E G D

Stops (voh) 72 16 259 58 584 165 860

Fuel Used(l) 2 2 28 5 5 L e ]

CO Emissions (grhr) 367 42 513 g8 1059 400 1364
NOx Emisslons 71 8 g5 18 204 263

{gthr)

VOLT Emissions B5 10 118 22 224 g2 315

lghhr)

Queus Length 50th 524 039 838 12.7 788 412 1035
{m)

Internal Link Dist 147.8 753 2592 201.6
{mj)

Reduced vic Ralio D78 0.24 D.a7 032 0ve Des  0.493

Arza Type: Other
Cycle Length: 6.1
Actpeted Cyele Length; 96.1

Matural Cycle: 90
Conlral Type! Pratimad
Maximum vic Ratio; 0.87

Intersactian Signal Delay: 47.8 Intarsaction LOS:
D
Intersection Capacity Utilization 78 0% ICU Levet of Servica D

Analysis Period (min) 15
Splits and Phases.  4:

_*91 : i " -fﬂ (f ad "tﬂ
_bh:_j




¥ et Ya e tad : S
Report 2: Optimizing signal timing

Lane Configurations
Volume (vph)

ldeal Flow {wphpl)
Lane UL Factor
Fri

Fit Protacied

Satd. Flow (prof)

Fil Parmitied

Satd, Flow (parm)
Satd. Flow (RTOR)
Link Bpasd [kih)
Link Distance (m)
Traval Time (=)
Peak Hour Faclor
Heavy Vehicles (%)

Ad). Flow {vph)

Lane Group Flow (vph)
Lans Alignment
Crosswalk Width(m)

Two way Left Tum Lane
Headway Factar

Tuming Speed (ki)
Prodected Phases
Minimum Spiit (5)
Total Splhit (=)

Tolal Split (%)
Maximum Green (s}
Yeliow Time (s
All-Red Time (g)
Total Lost Time (s)
Walk Tima (g)
Flash Dont Wak (&)
Pedestrian Calls (#/hr)
Act Effet Grean (g)
Actugted /C Ratlo
vic Ratio

Central Dalay
Gueue Delay

G T S

EEL EST EBR WBl WeT WER

4

112 148

1600 1800

109 100

0.873

0 1833

0.873

0 1832

50

1718

12.9

0B8 DB8e

% 3%

127 102

0 279

Left  Left

16

088 0689
24

4 4

225 225

225 225

26.0% 250%

185 185

20 20

1.0 1.0

3.0

70 70

110 1.0

0 0

19.5

0.22

0.58

8.2

0.0

r'

B3
1800
1.00
0.850

1601

1601
165

0.EE
35

o4
Right

0.99
14

800
1.00

0.08
Q:1
0.0

ls
7 122
1000 1800
100 100
0.840
0.688
0 174
0.988
0 1749
41

50
993

7.4
088 088
3% 3%
B3 102
0 235
Left  Lefi
16
0.98 099
24

a 3
225 225
725 225
25.0% 25.0%
195 185
20 20
10 10
30

70 7.0
110 110
0 0
10.5
0.22
0.82
46.8

0.0

73

132
1900
1.00

0.68
3%
150

Right

089
14

!
MBLE HBT
1
g5 8
1900 1800
goes oy
C.%g9
0.995
C 3407
0.836
0 2863
1
51
2832
2.2
0.88 0B3
3% 3%
74  BR2
o 754
Left  Lafl
18
0es 0o
24
1 2
225 225
2257 235
25.0% 25.0%
185 185
20 20
16 140
30
7.0 74
o 110
] [
S50
0:43
0,78
235
0.0

1457

1457
108

C.Ba

%
25
a2

Right

099
14

20,0
1.00
0.0z
0.0
0.0

> <
SBI S8BT SER
a4 F
194 ©&8 BB
1800 1800 1900
0895 085 1.00
0850
C.5e8
€ 3536 180
0.652
0 2333 1601
108
50
2258
1.8
088 0488 o088
3% I 3%
220 882 101
g g0z 19
Left  Left Right
18
0go 088 099
24 14
1 2
226 22K
225 225
25.0% 250%
1856 185
20 20
it (R
30
T8 7.0
11.0 110
0 o
360 800
C42 100
1.02 0.06
£4.2 0,1
0.0 0.Q



Appreach Delay
Approach

Stops (vph)

Fusl Usedl)

CO Emiazlans (ght)
NCx Emissions (g/hr)
VOC Emisslons [g/hr)
Dilemma Vehicles (k)
Queaue Length 50th

fm)

Queus Length 85th
)

Intemal Link Dist (m)
Tum Bay Langth (m)

E=sa Capacity (vph)
Starvation Cap
Reducin

Splllback Cap
Reductn

Storege Cap Raduain
Reduced vic Rallo
Intgrsection Summary

-0

o o
= o i th

1601

232
16
40
b4
489
875

703

411

228

448
739
143
170
475
61.3

250.2

869

—_—

O oCoNNO SO

=2 B

1457

k=

502 o
EY 2
1280 38
247 T
285 8
a a
76,7 0.0
109.2 0.0

2016
BB1 1601
0 o
o o
0 o
.02 0.06

Arca Type:
Cycle Length: 80

Other

Acluated Cyele Length: 80

Malural Cyele; S0

Coniral Typs: Pretimed

Maximum wio Ratio: 1.

g2

Interssction Signal Delay. 47.1
Intersaction Capacity Utilization 74.4%
Analysis Period (min) 15

Intarsaction LOS: D
ICU Lavel of Service D

T4

s
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