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III
ABSTRACT

Delay, and long queues are noticed in many intersections
in Amman. Ministry of Fconomy intersection is a good example
of such delays. Many alternate solutions were proposed %o
solve the problem of that intersection. In order +to predict
the conseauences and the performance of such alternatives,
many methods, tools, and techniques are available, SIMULATION
is one of the simples£ and practical methods wused in such
issues.

Simulation technique by GPSS, is used to simulate three
alternative solutions; the first one is to assign the best

cycle time for the traffic light signals. The second is +to

increase the number of lanes in branch 2 and 4 . And the

third is to construct a tunnel (underpass) along the Queen
Noor street.

The results show that, +the first alternative can be
applied up to vyear 1993, and after that time, the
intersection can not handle +the traffic £flow. The second
alternative can not be efficient after year 2000, and some
difficulties in acquiring the land will be encountered, but
the third alternative shows the best and efficient solution,
without cost consideration

The use of simulation can be very helpful for the
decision makers, because they can see the effects of any

changes without actual implementation of these changes.

~
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CHAPTER ONE
INTRODUCTION

In Amman , the capital of Jordan 3 there 1is a large
number of vehicles compared with it’'s area ,and the traffic
flow f‘laces many problems .Some of these problems are the
intersections and conjunctions . In many intersections there
are very long queues of vehicles walting to pass the
traffic light signal

Year‘by year ,the traffic flow increases and most of the
roads and routes have not changed ; that causes
delays and long waiting times at the intersections . These
delays will bother and annoy the people who use such
intersections , and this will be reflected on  their
performance of the work and the acltivities .

Many solutions are available for such problems , but which
one to pick ? And why 7 And how can you check that it will be
the best one before implementing it 7

Traffic simulaticon , a tool used by traffic engineers in
the analysis of roadway capital inve‘stment and traffic
control management |, provides valuable information to
decisicon makers by'predicting the likely effects of traffic
patterns or geometric changes of a roadway before ithe changes

actually occcur .
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A big mistake was done when Abd Al -Naser interchanée was
designed . It was that the designers didn't simulate the
interchange before implementing it , in order to see how it
will work and if there are any problems that would arise .

Simulation results may be used to decide whether to
proceed with the change , modify 1t , or abandon {t
Simulation may determine the most effective way to spend
available funds .[11]

This is the big advantage of simulation : to predict the

results of the project without executing it .

1.1 PROBLEM DEFINITION
The intersection which was selected to study is beside
the Ministry of Economy and called ithe " Ministry'_of
Economy Intersection "
This intersection 1s selected to be siudied, because of the
fellowing reasons:
1~ It lies In a véry important part 1in Amman
l.e. center of Amman ( among government
departments, banks,markets ,..etc. D
TN 2- It has a very large flow of +traffic .
3- It faces a real problem of long queues and

delay times
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4- It connects many major parts in  Amman within

a small travel distance .
. By observing that intersection , specially in the morning
and afternoon periods , one can easily notice that there is a

problem and it must be solved .

This {ntersection consists of four branches and as follows :

1 - Queen Noor street southern.
2 — Beir Sab'a street .

3 - Al Arabi street .

4 - Queen Noor street northern .

The sketch of the intersection is shown in figure (1)

A very big problem in this intersection i{s the queue length
in Beir Sab’a street and Al-Arabi street .That is because
each of these two streets has only two lanes.and the period
of the green light time to paés is also small,while in Queen
Noor street there are four lanes which can help in minimizing
the delay and waiting times in the queue .

There are many alternate solutions , such as : changing
the geometry of the intersection by increasing number of
lanes ,bullding bridges , constructing a tunnel , or
‘scheduling the existing trafflie signals for reasonable
queue length and delay times .

Of course any changing in intersection geometry will cost
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FIG. 1.1 THE MINISTRY OF ECONOMY INTERSECTION.



a lot of money and will make some troubles with land owners
beside the intersection

So in this thesls we will try to sclve this problem by

simulating each alternative, and comparing the results for -

each of them, then picking the best one.
the results of each alternate solution and picking the best

one of them .

1.2 OBJECTIVES
The objectives of this research are :
- Study the existing situation of the intersection
- Schedule and regulate the traffic signals to reduce
the queue lengths and delay times to get easy and
smooth flow of the traffic
- Simulate the alterﬁate selutions and analyze the
results .The results of the study will be compared
for the performance of each alternative, based on the

queue length and delay time in each branch.
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CHAPTER TWO
LITERATURE SURVEY

Many researches were done on the subject of traffic
control by computer simulgtion. and many simulation models
ware developed.

University of Bradford developed some. computer simulation
models for +the simulation of +traffic flow at highway
Junctions controlled by traffic signals and have been used to
est,limate.cycle times which produce minimum delay .[71].

The required input to the program is : simulation time
, average and minimum headway of arriving vehicles , demand

and saturation flow and cycle and lost times . the culput of

the program is : average delays to vehicles on each
approach , queue on each approach , and total intersection
delay . The output and results were validated against the

Webster delay formula and Catling queue length formula .[6].

Another simul ation model program cgi led CINTERCONY ,(by
Roger Plum and Panos Michalopoulosdiwas developed .I[8I].
The type of control used in this model is the pretimed signal
control with a fixed cycle length , phasing sequeéce and
phase times .

Vehicles arrivals are assumed to occur randomly with each
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lane . The time used as the arrival time for each vehlcle is
the time at which the vehicle arrives at the back of the
queue , or if no queue is present at the stop line .

For approach that have more than eone lane accommodation
through traffic , the arrivals of through vehicles are
distributed -between the lanes so that the total demand in
each lane is as balanced as possible with the demand on other
lahes of the approach .

Vehicles depa;tures are function of several parameters
entered by the user . The actual departure rate |is a

function of :

- saturation flow .

- lost time . ‘It was assumed that the first five
vehicles in a platoon can be affected by a lost time due to
driver reaction and acceleration time .

~Average gap in the opposing flow that the driver makes

a left turn feels is adequate .
2.1 PRETIMED SIGNALS

"N This commen type of traffic control signal assigns the
right of way at an intersection according to predetermined

schedule . The time interval for each signal indication in
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the cycle time is of fixed length ,{3].

2.2 SIGNAL TIMING

Timing calculation are based on traffic requirements.
Cycle length during off-peak-periods should be as short as

possible (40-100)sec. .

Larger cycles are used during peak periods to provide more
green time for the major street , to permit larger platoons
in the peak direction and /or to reduce the number of
starting delays .

General procedure 1is presented to calculate the signal
timing [31:

- Yellow change intervals , based on approach speeds

3 sec. is used for speeds up ta 55 kmh .
4 sec. is used for speeds (55-80> kms/h .

5 sec, 1s used for speeds more than 80 km/h .

- Additional clearance lime . At wide intersection ‘or
éﬁproach speed is very high , some drivers may be in a
dilemma zone , where they can neither stop safely nor clear

the intersection . To determine if an all red clearance
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interval is necessary to avoid this situation , the following

equation can be used:

v W+l

Y = T+ —=—= + ————- -2

2A v

Where
Y: non dilemma clearance interval (s) .
T: perception-reaction time normally 1 sec.
V: approach speed C(m/sec.) .
A: deceleration rate , normally 3 m/sec .
W; width of the intersection (m) .

L: length of the vehicle , normally & m .

If Y is greater than the value for the yellow change
interval , then the difference 1is thel required ALL-RED
interval

~ Pedestrian clearance time : pedestrian walking speed

ranges 4-3.5 ft. /sec.

™ - Minimum green time C(MGTD:itisequal to pedestrian
clearance time - yellow change interval + inttial
interval time CIND .Minimum green time  must be

39282%
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greater than 15 sec..

- Inlitial interval time CINTD:

1. with pedestrian signals INT=the walk period -

must be > 7 sec.
2. without pedestrian signals , INT not <5 sec.
~ Green time (GD : based on these minimum , in
proportion to the approach wvolume in critical lane ,
on each street during the heaviest hour . GT > MGT .
“ Cycle time is to be adjusted to the next higher 5

sec. interval and redistribute extra green time .

An other method to calcuiate the theoretical cycle length

for random - arrival headway is [5)

n
3600 %* T Kx
x=1

c= ___________________ .....l-.l..U....Uaia

3600 - T Vx DKx

\\\\ %=1

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



11

where
C : cycle length (s
K : 4.75 sec, for typical passenger car .
Dk: constant value = 2.1 sec.
V : volume in vehicles per hour .

n : number of phases .

The above equation gives us theoretical value for the
cycle length . Studies have shown tLhat there are two
phenomena occurring at nearly each intersection

1- left turn
2- presence of trucks and other large vehicles
in the traffic flow
Studies have shown that because of delay enforced by
opposing traffic , left turn genera{ly-require an average of
1.3 additional sec to clear the intersection . Thus time for
left turning vehicle = [C2.1+1.30=1.6 C time for straight
through vehicle in sec.)1[5]
For the trucks or large vehicles, it has been found that
each truck or bus eonsumes approximately 1.8 times the amount

‘of departure time required for a passenger vehicle.
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2.3 DELAY TIMES

When a red signal interrupts a traffic flow , the vehicles
will stopped , and will require time to get started again ,
so additional number of vehicles may be stopped because of
the Stﬁrting performance of the queue which has been
accumulated on the red signal, which will cause the delay
[5].

The number of vehicles which will stopped or delayed and
the duration of the delay are dependent on :

- red interval
- arrival headway in the flow , and
- the starting performance of the queue .
Let R= interval of stop signal ,sec.
n= number of stopped vehicle in R
i= any se}ected vehicle of the n vehicles
A= average headway of vehicles on arrival, sec.
D= headway of departure at intersecticn entry .
di= delay for vehicle i ,sec.
T= total delay sec.
" “Note that D is variable for the first six vehicles and it
will be constant for rest . So the delay for any vehicle

becomes
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Azl - 141

d'.|.=R- +EDK ooc...000000-0000000002.3

and the

and

in

sum for the individual delays becomes :
2
n A noi
nR— + E EDX ..I.‘l....0...............2.4
2 ¥=1 x=1
it can be rewritten as :
2
na 2.1 n{n + 12
I'IR_ + +3.7n-Q 0000000-205
2 2
which Q is always =3.5 for n >= 4

" “Some of the needed data is available » and the rest can be

obtained by

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



14

i-Calculating 1t from the equations described
above .Cr by,

2-Measuring it On the site .

We will use both approaches and compare between them
This will be helpful to start with reasonable values .
For example the cycle time can be caleculated from the

previous equations or can be measured from the site .
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CHAPTER THREE
RESEARCH PLAN

A simulation model of the traffic intersection will be
developed tc describe the traffic system for each alternate
solution . In general ,each model represents queues , of
the arrival process ,the service pﬁocess » and thequeue
discipline [2]

1 - The arrival process consists of vehicles , arrival rate ,
and the distribution of the arrivals . In this system the
process is considered as a discrete process .

@ - The service process is characterized by distribution
function of the time to serve the arrivals , and the number
of arrivals . The server in this system is the +tiraffic
signals .

3 - The queue discipline describes the order in which the
arrivals are served . In the model which will be developed ,
we will use " FIRST IN FIRST OUT “ (FIFO) , and also include

the characteristics of the system, maximum queue length.
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3.1 ALTERNATE SOLUTIONS

We will consider the following alternatives :
1 - No changing in geometric configuration and schedule the
traffic signals to keep the queue length and the delay times
as short as possible |
2 - Increase the number of lanes in Beir Sab’a and Al-Arabi
streets from two lanes up to three or four lanes . This can
be done by expropriating some land beside the intersection
3 - Changing the geometry of the intersection to become a two
level grade intersection . This can be done by building a
bridge or constructing a tunnel in the Queen Noor stireet .
For each alternative a new model will be developed in
order to fit the alternmate solution and represent the
real situation.

There are a lot of models developed to describe a queue

systemssuchgs :

MM r/x, G/G/l/esx, M/7G71 , D/D71 ,...etc. . For example
the first model indicates : a single - server system that
has an infinite population of potential arrivals , the

inter-arrival times are and service time are exponentially

distributed
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3.2 COLLECTING DATA

As we know , data ccllection is one of the largest tasks
in solving a real life problem, because it must be accurate,
precise , and representing almost the existing situation.

The data will consist of geometric configuration , traffic
count for each direction , cycle time of the traffic signals
maximum queue length , and vehicle clearance time .

All the traffic counts are available in Amman Municipality
Lhese counts have been taken at 15 minute periods for the
whole day . Other needed data will be collected from the
site such as : width of the branch ,number of lane ;n each
branch , number of vehicles arrive at each branch and time
for certain number of vehicles to pass through or turn at the
intersection .

The counts of traffic flow which is available now is
representing the flow in 1988 , but the flow will increase
according to

- Nermal traffic growth.
- Generated traffic .
A - Development traffic .
In order to achieve good solutioen for long period of time

these traffic flows will be projected and forecasted for
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the next twenty years .

Specific values cannot be cited for traffic projeciion
factors for use in design whe}e no analysis is made of the
separate factors of traffic growth .

Projection factors that would apply tc a majority of
highways improvements today for a 20 years period will be
approximately doubled .[101

The data will be arranged , checked , and analyzed before
applying to the computer simulation program . Then we will

apply the data to the program and eheck if the program is
performing properly.If it does,we proceed with the analysis

1if nol we check our medel and data again .

3.3 MODEL SOLUTION

A computer simulation program will be developed to scolve
Lhe model using " General Purpese Simulation System " C
GPSS 2 language

VAX terminals will be used to run the GPSSH software ,
bec%use it provides large number of transactions , facilities
and queues , which cannot be found on personal computers .
" “In the models we developed some variable parameters can be
changed such as the cycle time and the phasing . The

selection and arrangement of simultaneous flows of
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movements is known as "phasing” . The objective of

phasing is to accommodate all traffic movements with minimum

delays .
Generally speaking , the number of distinet phases

employed should be kept as minimum as possible . The
selection of ;lows in each phase should develop the minimum
frequency and severity of conflict , and the sequence of
phases should minimize waste of t;me .Illustrative examples

of phasing are shown below :[5]

3.4 VALIDATICN

Validation is the determination that the model is an
acceptable in representing the real system , this can be
achieved by comparing the results from the computer program
with the existing situation at the intersection for the same
data .

After checking and verifying the data , each alternate
solution will be solved by the computer simulation program.
Several runs for each alternative will be made , in each run
we change some variable parameters and analyze the resulis
until we get reasonable results .

Then the alternatives will be compared with each other to

know which one is the most effeciive and cheapest .
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CHAPTER FOUR
DATA COLLECTION

4.1 INTRODUCTION

Az it is known, data collection is one of the largest
tasks in solving a real problem. The collected data must be
accurate, precise, and representing the exactly the real
existing sit;ation. The collection and analysis of data is a
critical step in the development of a simulation model. Any
small errcor in data colléction or analysis will lead to wrong

results and invalidate Lthe model.

4.2 REQUIRED DATA:
The data needed will consist of: geometric

configuration, traffic flow in each direction Carrival

process), percentage of the flow that pass-throughs, turn left,

or turn right, cycle time of the traffic signals, vehicle
clearance time (service time), No. ¢f lanes in each direétion,
signal phasing, and width of each branch.

All the traffic data and counts had been taken from the
Municipality of Greater Amman, these counts have been taken
at iS*minute periods for the whole day. It had been noticed
‘that there are two peaks, one in the morning period from

7:15-8:15, and the second is in the afternocon period from
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CHAPTER FOUR
DATA COLLECTION

4.1 INTRCODUCTICN

As it is known, data collection is one of the largest
tasks in solving a real problem. The collected data must be
accurate, precise, and representing the exactly the real
existing situation. The ccllection and analysis of data is a
ceritical step in the development of a simulation model. Any
small error in data collection or analysis will lead to wrong
results and invalidate the model.

4.2 REQUIRED DATA:

The data needed will consist of : geometric
configuration, traffic flow in each direction Carrival
process), percentage of the flow that pass-throughs, turn left,
or turn right, cycle time of the traffic signals, vehicle
clearance time (service timed, No. of lanes in each direction,
signal phasing, and width of each branch.

All the traffic data and counts had been taken from the
Municipality of Greater Amman, these counts have been taken
at\15-minute periods for the whole day. It had been noticed
that there are two peaks, one in the morning period from

7:15-8:18, and the second is in the afterncon pericd from
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FIG. 4.1 TRAFFIC FLOW IN PEAK HOUR IN YEAR 1988.
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13:15-14:15. Figure 4.1 shows the flow in peak hour in 1988,

4.3 DATA COLLECTED ON SITE :

Not all the required data was available, the following
were collected on sité:
1- The existing signal phase: As shown in figure 4.3, branch
-number 2 starts to move while the other branchés ﬁre
waiting. Then branch number 3 and 3' start to move while the
others are waiting. Branch number 3* stoped, then branch
number 1 s£arts, while branch number 3 is still working.
Then branch number 4 start to move while other branches are
waiting, and so on .
For existing situation, the existing phase is the best one,
because in any other phase, the traffic in branches 2 and 4
will be divided into twe directions, the first one is
pass-throughs, and the second is the left turn, and there is no
enough space to do that in these two branches, because the
width of them is very small, and that will cause disturbing
Lo.the drivers, and long qusues in these two branches.
€- Cycle time for the existing signal phase: About twenty
feédings were taken, at different times and the average value
of the cycle time=11%5 seconds.

3~ CGreen time for each branch: Many readings were taken for
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each branch and at different times, and the averages of the
green times (G.T.) are listed below:

Green time for branch number 1 = 25 seconds.

Green time for branch number 2 = 20 seconds.

Green time for branch number 3 = 60 seconds,

1

Green time for branch number 3‘= 30 seconds.

Green time for branch number 4 = 20 seconds,

These values and the cycle time are shown in figure 4.4.

4- Vehicle clearance time (service timed: This means that how
much time needed to cross the intersection, and this can be
easily calculated by dividing the number of cars passing ilne
intersection by the period of time taken for ﬁhat number of
cars to cross the intersection. But using this way the
results will be approximated, not very accurate, and it will
be averaged for the whole cars that cross ﬁhe intersection
without distingulished between the order of the car. A better
way for calculating the service time is as fellow:

a- Find the time needed for car number 1 in the gqueue
to cross the intersection. take ten readings and Ifind
the average of them.

" B-For car number 2 In the queue, do the same thing as in

step a. And the same thing for car number 3,4,5,....and 10,

¢c— The zervice time = time needed for car number Ci+id-Lime
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FIG. 4.2 TRAFFIC FLOW IN PEAK HOUR IN YEAR 1990.
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TABLE 4.1 COLLECTED DATA FOR SERVICE TIME.

CAR NO. 1 2 3 4 S 6 7 8 9
& |TME  13441757,18,9,9! 11,1, | 1213, | 14,13, 15,15 | 16,17, | 18,18
S {neoed |45 4] 765 {ggg| 100, ! 13,12, 1414 11516 | 17,18 | 18,18
Sl B 544 285 (g'g'g | 1211 113,12 | 1413 | 1516 | 16,17, | 19,18
» | sec. T 7,65 19:.9.8110,11.5 12,13 | 14,15 | 16,16 | 17,18 | 18,19
n
s (av. | 4.116.8]8.6110.8[12.5]14.1/15.5{17.0{18.3
> |TME 1545 1887, 110,10,10 13,12,13 15,16,16 18,16,16 18,19,19 21,20,21 22,22,
2 ! eopep | H55  [8.5,7.5]11,10,11]12.513{15.5,16 { 17.5,17 | 18,17,19 20.5,21 | 23,21,5
P n |554517.7,2.5 105,10 {12.5,12115,15,15 17,17.5 | 18.5,18 | 20,21.5| 23,22.5
£ | e 5.5,5.5|7.5,8.0 1 11.0,10 {12,13,13 15.5,16 { 17,17,17, 18.5,19 | 20,20, ! 21.5,21
__ :
“lav. (4.8]7.6110.4/12.6115.2{17.0118.7/20.5|22.1
— |TME 16,56 |8.588,[12,12,1215,14,1516.5,17 119,21 23,22, | 26,25 | 27,28
6.5,5,5|9,9,9.5 | 12.5,13 | 14.5,15 | 17,16,16, 21.5,20 24.5,22| 24.5,25 28.5,28
¥ | NEDDED _
S (N | 5555885, (12,12, |155,14[17,16.5| 21,20, ,22.5,23| 26.5,25{ 29,28
_ﬂ sec. |6:5.5 |8.0.9.0,12.512]14.515/17.51719.5,20/22,23 {2525 |27.528
~lav | 5.8] 9.112.3]14.9117.3]20.2(22.8/25.7|28.1
|
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needed for car number(il.
Note that the first four or five cars will need larger
service times, so skip these readings and find the average of
the remaining readings for each car number. Tables 4.1 and
4.2 show £hese data. The data for the Right Turn was
difficult to be taken and recorded, because there is no
special lane for that movement, but it is approximately = 3

second.

TABLE 4.2 SUMMERY RESULTS FOR THE DATA IN TABLE 4.1.

TIMT MEEDED TO CROSS THE INTERSECTION FOR CAR No.
1 12 '3 14 15 |6 (7 (8 |9 |4av

pass THROUGH | 4.1 |27 11.8 122 |17 |16 |14 15 113 1145

LEFT TURN [ 4.8 i 28 ;28 23 {26 (1.8 (1.7 |18 |[1.6 1.75

UTURN  |5.8 is.a 132 125 |25 (29 26 |29 |24 | 275

Cycle time and Green time for each branch can be calculated

by any mentloned methods in chapter two.

4.4 DATA ANALYSIS :

All the counts and data took from the Municipality of
Greater Amman was studied well, and tabulated in tables and
figures. And also the other data that toock from the site was

tabul ated.
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4.4.1 FORECASTING:

All the traffic counts took from the Municipality of
Greater Amman was representing the traffic flow counts in
1988, and when it will be applied to this time, it must be
forecazted to this time (1990). When the problem of this
intersection is to be solved, 1t must be solved not only for
present time, but also for next certain pericd of the future
time. In this thesis this period will be considered as ten
years, so the data must be forecasted for year 2000,

Because there is no historical data available for the
traffic flow counts for this intersection, the number of
vehicles in Jordan will be gocod indicator to the traffic flow
counts at this intersection. The historical data for the
number of vehicles in Jordan is available in the Department
of Traffic and Licences. These data was taken and tabulated
as shown in table 4.3, and this data can be forecasted for any
period of time and then can be used to be good indicator for

the traffic flow in that period of time.
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Linear regresion method ,is selected to forecast the
number of cars in JORDAN, by using the growth forecasting
software-called FOR. BAS. [12]. The results of this forecasting
are shown in the next page.

The forecasting linear model is representing in the following

equation :

YXT) = 2718 + 1785 T . 41

and by linear interpolation the flow counts can be calculated
foer the year 2000, the forecasted flow counts are shown in

figure 4.8.
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cxxvy TIME SIRLTT ANALYSIZ AND FORECASTING ****

fa g P P R

-——— Soemrezzaion Analy=ziz —-—-
Mame of the Jd2ta =eC th
lumber of caca valuss input 0 LE
Tarecazting mecel
YT} = 27.1i3158% +317.385084*T
Varianoce of forascast arreor 38 .253115
Mazn ab=sclute deviation 5.035548
Averags absclute percent srror 3.80772
TIME ACTUAL ESTIMATED )
FERIND DATA VALUE RESIDUAL
DDDQDDDDDDUHDDDEDDDSDDDSDﬂDUDDDDDSBDDDDBSDEDDSDSD
1 48 .00 45 .04 2.96
2 &0 .00 62,90 -2.90
3 77 .00 80.75 ~-3.75
4 29 .00 95.51 .39
S 121.00 116,47 4 .53
=) 127.00 124,32 -7.22
7 147 .00 182 .18 ~5.13
a 1727.00 170.03 &6.97
Q 199.00 137 .89 11.11
10 210 .00 205.75 425
11 219,00 233 .60 -4.60
12 235.00 241 .46 -6 .46
TIME FORECAST 495%  COMTROL  LIMITS
. PERIOD VALUE UPPER LQWER
DDDDDDDD&DHDQDﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂHﬁDDDﬂDDDDDDDDDﬂDD
12 259,32 R71.48 247 .15
14 7717 289,34 265.01
15 295,03 307 .20 282.86
15 212,89 225 .05 300.7%2
17 220.74 342.91 31i8.58
18 248 60 360.77 326,43
19 366. 46 378.62 354,29
20 384 .31 396 .48 372.15
21 405,17 414 .34 390.00
_oan 420,03 A32 .19 407 .86
~as 4537.83 450 .05 425.72
24 485,74 467 .91 443 .57
25 473 .80 485 .76 A6 43
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CHAPTER FIVE
MODEL DEVELOPMENT

5.1 INTRCDUCTION

A simulation model will be developed to represent the
real system.‘In the model development, the description of the
system will be made = explicitly by quantifying the
relationships among all the variables and the performance
measures. In order to develop an accurate computer program
which implements the model, the system and all of Iit’s

elements must be fully understood.

5.2 DESéRIPTION OF THE SYSTEM

The system that will be studied, represents an isolated
intersection, this isolated intersection consists of four
branches,and because there are arrivals, services, and queues
this system is considered as a gqueuing system.

Any queuing system consists of three elements:
1- An arrival process.
"2— A service process.
3- A quéﬁing discipline. [2].

In a queuing system the arrival process is characterized

by the distribution of the time between the arrival of
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successive customers. And in the system we are dealing with,
the time between arrivals is exponentially distributed.

An exponential distribution plays a central role in
queuing models, because it is a memoryless distribution. It
is known that if the time between arrivals is exponentially
distributed, with mean = ¢, bthen the distribution of the
number of arrivals during the unit time interval is a poison
distribution with mean = 1/0.

The service process is characterized by the distribution
function of the time to serve the arrivals, and tbe number of
arrivals. In the system we are dealing with, the service
process is considered as a uniform or constant function for
each type of movement.

The queue disci#line describes the order and the way in
which arrivals are served. FIFO (First In First Out) and

priority queues will be used in the system we are dealing

with.

5.3 GENERAL PURPOSE SIMULATICN SYSTEM (G P S S

The General Purpozse Simulation System (CGPSS) language,
will be used as a simulation language to build the computer
model that representing the system we are dealing with.

GPSS is a highly structured, special-purpose simulation
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language using the process-interaction approach and oriented
toward queuing simulation.

In this language there are many concépts, as the block:
which can be represented by pictorial symbol or by single
statement., There are over than 45 standard blocks in GPSS,
each block represents a specific action. A fundamental set of
GPSS blocks is: GENERATE, TERMINATE, SEIZE, RELEASE, ADVANCE,
QUEUE, and DEPART. In addition the following control
statements are needed to execute even the simplest model:
SIMULATE, START, and END. Each block in GPSS has a unique
flow chart symbol. When the flow of transactions in the model
is described using these symbols, convgrting the flow chart
to computer code is accomplished by simply recording the
corresponding statement for each symbol. [2].

An other concept, is the transaction: which represents
active, dynamic entities may be pictured as flowing through
the block diagram, and this will execute a GPSS model.

A third concept, is the simulation clock: the GPSS
processor automatically maintains a simulation clock and it
will advance the clock after finishing certain event or
séries of events. Note that GPSS automatically updates the
simulation clock as required by the logic described in the

mode]
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5.4 APPROACH TAKEN IN BUILDING THE MODEL

When simulation begins, a transactions - customers are
brought into the model, first; the branch number 1 wiil take
the light as a green light Coccupy the facility of crossing
the intersection), and will be active to allow the vehicles
to creoss the intersection, while the other branches will be
closed (in the red zone). Then after certain time the green
light will be taken by the second branch, to allow the
vehicles which were walting in it’'s queues, to cross the
intersection while the other branches are walting (they are
in red zone) in thelr queues. Then the third branch takes
place in the green light zone. Then the fourth branch takes
place in the green light zone. Aﬁd the cycle will repeat it
self agaln and so on.

This technique can be illustrated by using different

priority levels for certain transactions. For example, when

the first branch has occupy the green light zone for certain

time, and this time 1s finished, so in order to let the first

branch to leave the green light, a pseudo transaction with
high priority will occupy the first branch until the cycle
igfinished and come back to the first branch. This technique

is used for all the branches.
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In branch number 1 there are four lanes, and four
facilities are assigned to each lane. When a transaction is
brought into this branch, first it will check the queue
length for each lane and occupy the least of them. So before
entering any queue in any branch, there will be a test to
check and assign the smallest queue length, then entering
that queue. Then spending certain time in the queue, then
served by the facility. As mentioned before the service time is
constant for each type of movement. Then the transaction will
leave the system.

Now consider branch number 3. In this branch the flow
split into two movements, the first one is passing through,
while the second turns left, this second movement is
considered as branch number 3’. The branch 3’ also split into
two movements, the first is turning left, and the second is
turning back (U-ternd. In this branch the transfer block is
used to allow 12% of it’s flow to turn back,and to give each
type of movements it’'s exact service time.

In this model, 1Iin order to cancel the effectl of
Eandbmness in several outputs, similar random number
gefierators, and similar exponential function for each
GENERATE block, were used. Also same seeds for each random

number generator are assigned, by using the R-MULT block.
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Also in order to reach a steady state situation, in each case
the program was run seven times, and 60 minute for each
Lime.

5.5 DEFINITIONS FOR THE ELEMENTS OF THE MODEL

TRANSACTIONS

MODEL SEGMENT 1 customers in branch 1
Model segment 1-1 red light for lane 1
Model segment 1-2 red light for lane 2
Model segment 1-3 red light for lane 3
Model segment 1-4 red light for lane 4
MODEL SEGMENT 2 customers in branch 2’
Model segment 2-1 red light for lane 1
Model segment 2-2 red light for lane 2
MODEL SEGMENT 3 customers in branch 3
Model segment 3-1 red light for lane 1
Model segment 3-2 red light for lane =2
Model segment 3-3 red light for lane 3
MODEL SEGMENT 3’ customers in branch 3’
Model segment 3-1 red light for lane 1
MODEL SEGMENT 4 customers in branch 4
Model segment 4-1 red ligﬁt for lane 1
Model segment 4-2 red liéht for lane 2
MODEL SEGMENT 5 timer.
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FACILITIES 1-i2 each lane for one facility

FUNCTIONS
XPDS1 functions of exponential
XPD&2E distribution to describe
XPDS3 the arrival process for
XPDS4 customer arrivals in each
XPDS5 _ model segment...

QUEUES 1-12 queues used to gather

statistics for each
waiting lines a head
of each facility.

TABLES 1-5 tables used to find X% of
time that queue content

occcupy the queues.

5.6 THE PROGRAM OUTPUT

The output of the program will include the feollewing:
1- The wutilization of each facility in the system. As
mentioned earlier the fécility will represent the lane. And
also the total number of transactions interring each facility
i represented.
2- The magimum queue content for each queue, average queus

content, average time spent in the queue, the total entriles
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ENERA ENERA
B000,,3300,,2
240,FN$XPS1,3300,,1

L SEIZE : SHEIZE
SELECT i ,
22,1,4,.Q 1 i
ADVANCE ADVANCE
l 6700 B700
QUEUE rF,2 l 'L
l RELEASE | ¥ RELEASE
SEIZE mau&&%
i — -
RMINAYS SEGMENT 1-2
DEPART @
l SEGMENT 1-1
ADVANCE
150
i tENERA:g
|
RELEASE
SEIZE : SEIZE
AN 4
v .
ADVANCE ADVANCE
8700 8700
RELEASE RELEASE
MODEL SEGMENT 1 [
U= U=
| SEGMENT 1-3 SEGMENT 1-4

FIGURE 5.1 BLOCK DIAGRAM OF THE MODEL
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ENERA

500, N$XP52,1700,,1

v

3,135
ASSIGN

iiiiiil
$000,,1700,,2

SEIZE

(= I

ADVANCE
7300

;

RELEASE

DEPART

@ TABULATE —}’)
Lo

l

ADVANCE

.

SEGMENT 2-1

RELEASE

Z)

| H

"MODEL SEGMENT 2

SEIZE

.

ADVANCE
7300

i

RELEASE

SEGMENT 2--2

4z
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CENER»\?
§000,,6300,.2

210,FNEXPES,8300,,1|

. SEIZE
5,150] i
ASSIGN ADVANCE
. 4800
___..._.,.,l.___.__ ENERA i
MIN GS,E%FSI QS $000..8300, 2 | RELEASE
SEIZE
QUEVE [ T “
e
ADVANCE
Jy "T SEGMENT 3-2
SEIZE
A RELEASE
i, l_ iiiii
DEPART @ TABULATE :c}j )

SEIZE

P5 +
ADVANCE
L SEGMENT 3-1 | 1sc0

.

ADVANCE

RELEASE ¢
RELEASE
‘iiiiil’ RMINA
SEGMENT 3-3

™ MODEL SEGMENT3
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ENERATE
785.FN$XP54,6400,,)
||!|D

1

| QUEUF |3

e

SEIZE

Tﬁgié;fﬁ“x\H_uﬂ___
Y

I
DEPART EED
.

ADVANCE
175

.

RELEASE

MODEL SEGMENT3

ADVANCE
6900

v

RELEASE

!

TABULATE

SEGMENT 3—1
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( ASSIGN )

@

SELECT
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.!Q

il

QUEUE

SEIZE

‘_

DEPART @
ADYANCE
P7
RELEASE
MINA
]

MODEL SEGMENT 4

TABULATE a" D

I\ SEGMENT 4-2

3

RMINA

MODEL SEGMENT 5
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GPSS/H VAX/YMS RELEASE 2.0-E (QV088) 29 JAF 1991  14:34:35 FILE: 6FIRST.GPS

LINE® STHT® 1IF DO BLOCKY

D =3 Sh L oEe L Do

N O M LT ETT LT AT e e e e e e e W M e fu) Ca) C) G f) L) G L L Lo D DD PG DO D 02 O R DD D e e e e e e e e e e
N o G P~ O D D ) O LT e L0 R b OO D G0 md Oh A MR 0D S ki O ] O e L= D WD 08 O U R L) D O D

B =] O LD W L) B

wW‘-ﬂI.ﬂU"Lﬂ(.ﬂhlhrﬂl-ﬂhrﬂbHhrh-rh-;A-bﬁ-h.n-(.l)(.L‘lwuwumwWNNNNNNNNNNNI—'HI—-HWD—D—'I—'WH
SR e ) D3 b oD D D ] N LT M G PO b D oD G0 ] Oh LN e G B e S WD QD ad TN U e L B D WD OO ] Oh W M ) B e OO

o -] O T e LS D —

io
11
12
13
14
15
16
17
18
19
20
21
22

#L,0C  OPERATION A,B,C.DEFG COMKENTS
STKULATE
RHYLT 011,67,9,66%,435

YPDS) FURCTION  WNR,C24
9,0/.1,.104/.2,.222}.3,.355/ .4, .509/.5, .69/.6,.915{.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/..96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6,2/.999,7/.9998,8
IS SRR s AR RN R R E R R R R AR iR RiRssRattisiteizs

XPDSZ FUNCTION  RN2,C24
0,0/.1,.104/.2,.222/.3, 355/ .4, .509/.5, .69/ .6, .915/.7,1,2{.75,1.38
.8,1.6/.84,1.83/,88,2.12/.9,2.3/.92,2.52/ .94,2,81/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/,998,6.2/.999,7/.9996'8
IR E SR a2 R R s s s Ra22E233223322 082230020803 2230808

TPDS) FURCTION  RN3,C24
9,0/.1,.104/.2,.222{.3,.355/ .4, .509/ .5, .69/ .6,.915/.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.95,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9996, 8
IR IR R R R AR R R s n e s Rttt eisis2izistatt]

XPDS4 FURCTION  RN4,C24
0,0/.1,.104/.2,.222/.3,.355/ .4, ,509/.5,.69/ .6, .915/.7,1.2/.75,1,38
,8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/ .94,2.81/.95,2.99/.96,3.2
,97,3.5/.98,3.9/.99,4.6/.995,5,3/.998,6.2/.999,7/.9998,8
S S SRR SRR Rt s Rt ezt 802232020323 82302001

APDS5 FUNCTION  RAS,C24
0,0/.1,.1047.2,.222{.3,.355/ .4, .509/.5,.69/ .6, .915/.7,1.2/.75,1.38
.8,1.6/.04,1.6)/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/..96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8

REALLOCATE COM, 1500000,FAC, 900, DUE, 300, ChA, 500

141  TABLE g1,0,1,50

L2  TABLE #5,0,1,50

L3  TABLE #7,0,1,50

LQd4  TABLE 011,9,1,50

LO5  TABLE p1¢,0,1,50
GENERATE  230,FH$XPDS],8000, 1
SELECT MIN 2,1,4,,0
QUEUE p2
SEIZE P2
DEPART p2
ADVARCE 150
RELEASE F2
TERKIRATE

t

AL GENERATE 11500, ,8000,,2
SEIZE -1
ADYANCE 9500
RELEASE 1
TABULATE 11
TERMINATE

ALl GEMERATE 11500, ,800¢,,2
SEIZE 2
ADVARCE 9500
RELEASE A
TERMIRATE

A2 GENERATE 11500, A000,,2
SEIZE 3

46
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GPSS5/B VAX/VMS RELEASE 2.0-E (0V088)

29 JAR 1991  14:34:35 FILE: 6FIRST.GPS

LIREA STHTE IF DO BLOCKN *LOC  OPERATION A,8,C,B,EF.G COMMENIS
57 57 23 RELEASE 3
5 58 24 TERMIHATE
59 59 25 AAD  GENERATE  E1500,,8000,,2
€0 60 26 SEIZE 4
61 6l 27 ADVARCE 9500
62 62 28 RELEASE 4
63 63 29 TERUIKATE
64 6 BRERARAR AR AR RN RARASRARATAR RIS
65  B5 0 GENERATE 500 ,FK$XPDSZ,2300,,1
66 b6 i ASSIGH 3,175
67 67 2 SELEC? HIN 4,5,6,,0
68 68 33 QUEDE M
69 69 H SEIAR P4
L] 35 DEPART P4
m n 36 ADVANCE P
n mn 7 RELEASE Pt
K 38 TERMIRATE
H M t
1’1 39 BB GENERATE  11500,,2300,,2
% 76 10 SETZE 5
7 mn a1 B ADVANCE 9200
m 8 2 RELEASE 5
n m 43 TABULATE L2
ge 80 44 TERMINATE
L) | 45 BB1  GENERATE 11500,,2300,,2
82 82 16 SETZE 6
83 83 47 Bl ADVARCE 9200
B4 B4 48 RELEASE ]
65 85 49 TERWIRATE
86 86 A EAREAR AR AR R R AR RS R R R AR 4 E
8?87 30 GENERATE  210,FN$XPD53,8100,,1
B8 84 51 ASSIGH 5,150
89 8% 52 SELECT MIN 6,7,9,,0
v 90 53 QUEVE P6
9 9l 54 SEIZE ?6
92 92 55 DEPART P6
93 93 56 ADYARCE P5
94 9 57 RELEASE P6
9% 9 58 TERMINATE
9% 96 t
97 9 5% HH1 GENERATE 11500, ,8108,,2
9 9 60 SEIZE 7
9% 99 61 Hl  ADVANCE 6200
100 100 62 RELEASE 7
101 10 63 TABULATE L3
102 102 64 TERMINATE
103 103 65 AH2 GENERATE  11500,,8i00,,2
[o4 104 s 66 SEIZE 8
105 105 67 H2  ADVANCE 6200
106 106 68 RELEASE 8
107 107 69 TERMINATE
108 108 70 BH3  GEMERA®E 11500, ,8100,,2
109 109 U SEIZE 9
1y 11 12 ADYARCE 6200
1nt 1H EE] RELEASE 9

1z 112 M TERMIRATE

47
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LIRER STHT® 1IF DO BLOCK®

113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
13
11
132
133
131
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

13
114
115
116
117
118
119
129
121
122
123
124
125
126
127
128
12
130
13
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

160

161
162
163
164
165
166
167
168

5
76
(i
Ei]
9
80
81
82
83
84
85
86
87
as

89
90
9
82
93
H

95

96

97

9

99
100
101
102
103
104
105
106
167
108
109
110
11
112
113
114

115
116

#,0C

IR RSRRRN

Ut

oD -

hnl

€6

29 JAK 1991  14:34:39

OPERATION A,3,C,0,E,F,G
GERERATE  765,FN$XPDS4,5300,,1
ASSIGH 1,10
QUEUE, Pl
TRAKSEER 12,01
SET3E Pl
DEPARY Pl
ADVARCE 175
RELEASE DI
TERHIRATE
SEIZE Pl
DEPART Pl
ADVANCE 275
RELEASE Pl
TERHINATE
GERERATE  11500,,5300,,2
SETZE 10
ADVARCE 8700
RELEASE 10
TABULATE 105
TERMIRATE

R R R R R AR R SRR R RN IR AL
GENERATE  460,FNSXPDSS,11000,,1
ASSIGH 1,115
SELECT MIR 8,11,12,.0
QUEUE P8
SEIZE P8
DEPART P8
ADVANCE D7
RELEASE P8
TERMIRATE
GENERATE  11500,,11000,,2
SEIZE 1t
ADVARCE 5100
RELEASE 11
TABULATE  LQ4
TERNINATE
GENERATE  11500,,1100¢,,2
SETZE 12
ADVARCE 9100
RELEASE 12
TERHINATE

123N T 2202 R 222
GENERATE 360000
TERNIAATE 100
START 1
RHULT 741,543,789, 771,121
CLEAR
START - 1
RMULT 123,511,657, 287,191
CLEAR
START 1
RHULT 87,991,733, 655,21
CLEAR

START

1

FILE: 6FIRST.GPS

CONHERTS

48
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GPSS/H YAX/YMS RELEASE 2.0-E {0V088)

LIRE® STHT® 1IF DO BLOCKS

169
170
1M
172
m
174
17%
176
m
178

169
170
17
172
173
114
175
176
177
178

tL0C

OPERATION

RHULT
CLEAR
START
RNULT
CLEAR
STARY
RHOLT
CLEAR
START
ERD

29 JAB 1991 14:34:35

AB,CDETFG
565,989,787,33,7

1
11,121, ,345,569,23

1
651,537,449,373,111

1

FILE: 6FIRST.GPS

COHMENTS

49
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in each queue, and the zero entries (the transactions that

will walt zero time in the queued.

3~ Tables contain the distribution of the queue content i.e.
the queue content that stayed in the queue for certain

percentage of time, and alsoc the most likely queus content

occurred. This value is helpful in determining the performance
of the system better than the maximum value of the queue

content..

All Rights R&eerved. - Library of University of Jordan - Center of Thesis Deposit



81

CHAPTER SIX
IMPLEMENTATION AND RESULTS

All the data prepared for the existing situation was applied
te the developed computer pregram, the program run perfectly,

and the results were obtalned,analysed, and tabulated.

6.1 VALIDATION :

Comparing the perfomance measures output by the

simulation model to the equivalent performance measures taken

from the real system, is the most often suggested method of”

validation a simulation model. The results of the program
when the current data was applied to it, and the current
situation were compared with each other. Table 6.1 shows this
comparison.

Chi-square test will be used to test the goodness of fit
for the resulis in table B6.1.Let 0+ Qz....,0n, observed
frequencles of the maximum queue content, and E1, Ez,....,Ex
is +the simulatéd results frequency of maximum Queue
content. Then the following hypothesis will be tested:

H0 : Observed frequency for maximum queue content is the

same as frequency results from simulation for maximum

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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TABLE 6.1 COMPARESON BETWEEN ACTUAL AND MODEL RESULTS

Br. | REAL SYSTEM MODEL SOLUTION

Max. queue Total sntry to Max. queue Total sutry to
content the system content the sywtem

Brt| 14 | 1500| 13 | 1496
Brzl 18 | 720 | 17 | 708
Br3 14 | 1670| 13 | 1635
Br3t 20| 470 | 21 | 448
Br4 28| 783 | 27 |7e5
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queue content.

H1 : Observéd frequency for maximum gueue content is not
the same as frequency results feom simulation for
maximum queue content.

We will test :

2 k (0 - E)
X, = T e 6.1
i=t K

Xo approximately follows the Chi-square distribution with
k-p-1 degrees of freedom. Where p is the number of parameters

of hypothesized distribution estimated by sample statistics.

L

The null hypothesis will be rejected if :
2 2

X, > X

C(, k_p_j

The data in the following table will be tested :

Sample No. OL Et Oi_ EL (Ot_ Eii /EL
1 12 13 -1 113
2 14 13 1 1713
3 13 12 -1 1-12
4 1z 14 -2 4,14
5 15 i4 1 1714
6 13 13 0 0
7 14 ia e 4712
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By apllying the data i{n the above table for equation 6.1,
2
Xo = 0.83
and by taking the «x = 0.08, and from the tables of the
Chi-square we can find that,

2 _
xo.omﬁ 1e.5¢

2

Since Xcl { X

2

o so we can't reject the null
0. 05,6

hypothesis and we conclude that the observed frequency of the
maximum queue content is the same as the resulted frequency of

the maximum queue content taken from the simulation program.

6.2 ALTERNATE SOLUTIONS

Three alternate solutions will be studied.
6.2.1 FIRST ALTERNATE SOLUTION:

In this solution the best cycle time will be assigned
based on the best combination for green time, while the cycle

Lime is fixed.

N In order to find the best cycle time for this

intersection, first, we will find the best combination of

green time to each branch, while fixing the cycle time.
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Six combinations will be used for this study, as shown
in table 6.2. For each combination, seven runs of the

computer program were made, and the results were obtained.

All the results a}e analyvzed and studied for each run,and

tabulated in tables, as shown.in tables 6.3 to 56,9,

TABLE 6.2 GREEN TIME FOR EACH BRANCH
FOR DIFFERENT COMBINATIONS.

BRANCH COMBINATION NO.
T Tl wl v v
! 25 | 20 15 20 20 20

N
o

i

; ,
; 25 |30 |30 | 55 |23
3 i 60 {50 | 40 |

45 45 23

3’ | 30 25 120 20 20 28

4 20 25 30 25 30 24
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TARLE 6.3 SUNMMERY OF OUTPUT OF COMBINATIOH HO. I

QUEUE CONTENT

Lyt [inX. QUEUE CONMTENT
HO. ) ¢MOST LIMELY OCCURED)

BR.1 | BR.2 | BR.3 | BR.3 | BR.4 % BR.1 | BR.2 | BR.3 | BR.3 | BR.4
i. 13 18 13 19 2? 9 13 9 13 18
z. 14 17 13 22 27 18 11 9 12 28
3. 13 16 12 21 27 10 11 8 13 17
a. iz 17 12 21 28 9 i1 9 13 20
5. iz ig 13 28 27 9 11 9 12 19
6. 13 16 13 22 24 18 11 1e 13 21
7. i 18 13 28 26 || 1@ 12 9 12 20
au. 13 17 13 21 27 _ 18 11 9 13 19
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INABLE 6.4 SUHHERY OF OUTPUT OF COHMBINATION HO. 1T

] QUEBE CONTENT
Run MAX. GUEUVE CONTENT
1O . ] {HOST LIBELY OCCURED)
— _l e

DR.1 | BR.2 | BR.2 | BN.2 | BR.4 || BR.1 | BR.Z | BR.3 | BR.3 | BR.4
1. 14 1z S 37 13 11 11 11 25 18
z. i4g 13 14 34 13 18 9 10 28 18
2. 13 3 12 16 i4 1@ 9 16 23 11
z. 13 14 14 34 12 11 1@ 18 22 18
5. 14 14 14 a5 13 11 e 18 28 i
6. 1z 12 13 58 14 11 9 11 38 11
7. 12 12 13 58 12 )| 11 9 10 31 10
nu, 12 13 13 43 13 | 11 18 18 25 10
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TABLE 6.5 SUHNMERY OF OUTPUT OF

COMBINATION NO. ITT

11S009 S1say Jo BIue) - ueplorf Jo AlSiBAIUN JO AkeiqiT - paAISSaY SIYDIY |1V

gt

.‘

MY, OQUEUE CONTEHT

QUEUVE CORTEMNT

(HOST LIKELY OCCURED)

a—

BR.1 BR.Z BR.3 BR.3 Bit.4 BR.1 | BR.2 BR.3 BR.3 BR.4
92 11 16 184 12 51 a 12 62 9
£4 12 16 9% 12 45 9 12 47 9
69 12 i4a 120 13 49 8 iz 59 9
74 14 16 111 11 43 g iz 63 10
og 14 16 184 13 49 9 11 62 11
81 11 15 126 13 46 B iz 62 i@
78 11 15 i24 1z | 42 g 11 62 9

. B3 iz i5s 1@0 12 44 g 12 62 19




59

11so0e@ sisayl Jo BIue) - ueplor Jo AlISIBAIUN JO AkeiqiT - PaAISSaY SIYDIY |1V

TABLE 6.6 SUMHERY OF OUTPUY OF COHDINAYION WO. TV

QUEUE CONTENT

AU HAX. QUEUE CONTENT .
NG ¢MOST LIKELY OCCURED)

PR.i | BR.2 | DR.3 | BR.3 | BR.4 g BR.1 | BR.2 | BR.3 | BR.3 | DR.2
i. i4 12 15 169 | 13 11 9 11 67 16
2. 15 13 16 103 | 13 11 5 11 52 16
3.. 13 12 13 128 | 14 1@ 8 i1 59 1G
3. 13 14 15 164 | 12 11 9 11 61 9
5. 14 14 15 187 13 . 11 9 11 62 16
6. i3 iz 15 132 | 14 11 s 11 62 16
7. 14 12 14 138 | 15 || 11 9 12 €1 1@
av. | 14 13 15 117 | 13 J| 11 9 11 68 18
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THRLE 6.7 SUHHERY OF OUTPUT OF COHBINATION HO. U
il QUEUE CONTENT
nut HMAY. QUEUE COHTENT
. ¢(M0ST LIKELY OCCURED)
BR.i BR.2 BR.3 BR.2 | BR.2 gn.1 | pp.2 | BR.Z BR.3 | BR.4

i. 14 13 16 163 12 i1 1t 11 67 9

2. 14 i3 15 163 iz 11 o 11 52 9

3. e 132 13 126 13 19 1@ i1 59 9

. 14 14 15 164 11 11 10 11 61 1t

. 14 14 15 183 13 11 10 i1 62 11

0. iz 12 15 120 13 131 o 11 62 10
e 13 12 14 124 12 11 9 i1 62 9

T 13 12 i5 1153 12 13 18 it 61 16
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By analysing these results it can be shown that combination
number VI is the best one. This can be decided by considering
the fdllowing two points:

1- Minimize the maximum queue conbtent.

&— Minimize the current queue content which is the most
likely occurred.

Table §.10 shows the best combination of the éreen time
for all branches. This combination will be used in studying
Lthe best cycle time.

To find the best cycle time, varies values of cycle time
will be studied; 80, 80, 100, 110, and 120 seconds. Table
6.10 shows the green time for each branch in each cycle time
based on the best combination of the green time.

For each cycle time, seven runs of tLhe computer

program were performed, and the results were obtained. All
the results were analyzed and studied for each run, and
tabulated in tables, as shown in tables 6.11 to £.15.
By analysing the results, it can be shown that the best cycle
time is 90 seconds, based on the above two points mentioned
above. Figure 6.1 shows different cycle times versus queue
content.

To predict the results for the future, the forecasted

data of the traffic flow for year 2000 is applied te the
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TABLE 6.9 BEST COMBINATION OF GREEN TIME.

Br. No, 1 ' 2 3 3’ 4

G.T.| 20 | 23 53 28 | 24

TABLE 6.10 GREEN TIME FOR EACH BRANCH
FOR DIFFERENT CYCLE TIMES

CYCLE GREEN TIME FOR BRANCH No.

M T2 T3 T 31 4

80 |13 |15 36 | 18 | 14

90 15 17 4 21 | 17

100 17 20 45 23 20

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

11701 19 22 50 26 23

120 91 195 | 55 | 29 | 25
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84

QUEUE CONTENT

25 |
\/._._O sec
20 \ P 80 sec
N 7
N
/- 7N\
15 \ .N\/..Aw 100 sec
120 sec. 80 sec
10 | -
5
I I—u 1 | 1
8r.1 Br.2 Br.3 Br.3' Br.4

FIGURE 6.1 QUEUE DISTRIBUTION IN EACH BRANCH FOR
DIFFERENT CYCLE TIMES
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TABLE 6.11 SUMHERY OF ouT

PUT OF THE PROGRAN WITH CYCLE TIME =

SO0
1l dSIsByl Jo s - ueplor Jo AlSeAIUN JO AdelqiT - paAsesay SIUDIY |1V

a8 ncco.

] QUEUE CONTENT

i MAX. GUEUE CONTENT

9. (%0ST LIKELY OCCURED)

er.1 | or.2 | BR.3 | BR-3 | BR.4 ﬁ mm.ug sr.2 | BR.3 | BR.3 | BR.4

i. 12 11 11 26 e |9 8 7 12 21
2. 13 11 9 18 36 9 7 7 11 22
3. 11 11 8 33 33 9 8 6 16 19
1. 12 14 o 25 35 9 7 7 14 21
5. 12 13 18 35 25 9 7 ? 21 21
6. 11 11 18 ag 27 5 8 7 20 19
7. 13 11 9 39 3s J| 9 7 7 20 23

| v, 12 12 9 31 33 |ﬁf| 9 7 7 16 21 |
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TABLE 6.132 SUMHERY OF OUTPUT OF THE .m.zcmmbz WITH CYCLE TIME - 98 sec.

1 QUEUE CONTENT

Ay MAX. GUEUE CONTENT
0. o . (MOST LIKELY OCCURED)

BR.1 | BR.2 | BR.2 | BR.3 | BR.4 || BR.i| BR.2 | BR.3 | BR.3 | BR.4
i. 15 1z 12 21 16 18 9 7 iz | 11
2. 13 12 11 19 15 1 1e 8 7 11 11
2. 14 12 1z | 31 16 18 9 8 15 11
3. 13 12 9 26 16 9 8 7 14 11
5. 14 13 11 34 15 1@ £ 7 28 11
G. 13 11 18 28 1a | 11 9 B 17 11
7. 13 12 11 33 16 || 9 8 7 19 18
AY. | 138 12 11 27 16 || 1@ g 7 15 11
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TABLE 6.13 SUMMERY OF OUTPUT OF THE FROGRAM WITH CYCLE TIME = 188 sec.

[ QUEUE CONTENT
U MAX. OUEUE COMTEHNT
HO . (MOST LIKELY OCCURED)
PR.1 |.BR.z | BR.3 | BR.3 | BR.4 || BR.1| BR.2 | BR.3 | BR.3 | BR.4
1. 11 12 12 33 14 10 9 8 16 10
2. 13 12 12 21 13 10 e 9 iz 10
3. 13 12 12 36 13 18 9 9 18 19
4. 12 13 11 27 13 10 9 8 15 10
5. 14 13 12 31 12 10 9 8 18 10
6. iz iz iz 28 14 g 9 o 28 g
7. iz Sl 13 37 12 10 £ o 28 i0
|L|
al. 12 12 12 32 13 1@ 9 9 17 1@
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- TABLE 6.1W SUHMERY OF OUTPUT OF THE PROGRAM WITH CYCLE TIME = 118 sec.

RUN MAX. OQUEUE CONTENT - QUEUE CONTERT
HO . - (HOST LIKELY OCCURED)
BrR.1 | BR.2 | BR.2 | BR.2 | BR.A4 BR.1| BR.2 { BR.2 | BR.3 | BR.4
1. 14 13 13 21 13 11 i@ 9 19 9
2. 143 1z 12 20 13 11 9 9 18 18
2. 13 iz 12 52 13 i@ 9 g z2 i8
g, 1z 15 12 21 ia || 1e 9 g 21 10
5. 14 14 iz a3 13 18 9 g 2B 10
G. 14 12 13 49 14 18 9 g 24 18
. 14 13 12 51 13 || 1e g ) 29 16
AU. 14 13 12 | a2 13 || 1@ 9 9 23 19
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TARLE 6.15 SUMMERY OF OUTPUT OF THE PROGRAM WITH CYCLE TIHE = 128 sec.

. QUEUE CONTENT -

RUM MAX. CQUEUE CONTENT
NO. ] {MOST LIKELY OCCURED)

BR.1 BR.2 BR.3 | BR.2 | BR.a4 . BR.1| BR.Z2 BR.3 ER.2 | BR.a&
1. 15 13 . 14 26 14 i1 19 10 15 10
Z2. 15 16 13 19 13 11 i@ 10 12 i1
3. 16 14 14 28 14 1z | 1@ 11 16 11
3. 14 14 13 23 13 11 10 10 14 i8
5. 15 i6 i3 25 14 11 i9 ie 17 11
6. . 13 | 18 25 15 11 10 B8 17 i1
7. 15 13 142 21 14§ 11 18 12 28 11
av. 15 12 | 14 25 14 M 11 16 | 1@ 16 i1
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TABLE 6.16 SUMMERY OF OUTPUT OF THE

PROGRAM FOR ALTERNATE SOLUTION 1.

RUM MAX. GUEUE CONTENT I DUEUE CONTERY
HO . ] Il (HMOST LIKELY OCCURED)

pR.1 | BR.2 | BR.3 | BR.3 | BR.a || BR.1| BR.Z | BR.3 | BR.3 | BR.4
1. 244 97 16 | 259 | 389 118 | 57 11 | 138 | 158
2. 210 96 15 | 2¢4 | 385 112 | 53 11 | 119 | 161
3. 22@ 99 16 | 255 | 382 112 | 56 11 | 134 | 158
4. 218 | 188 17 | 253 | 383 112 | 53 11 | 135 | 15%
5. | 212 | 1@9 15 | 273 | 384 i1@ | 54 11 | 18 | 161
6. 231 94 14 | 2a8 | 318 119 | 56 11 | 131 | 162
7. 213 96 16 | 24t | 303 || 188 | 54 11 | 134 | 163
Ay, 220 | 108 16 | 254 | 3@v w, 113 | 55 13 | 133 | 168"
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TABLE 6.17 SUMMERY OF OQUTPUT OF THE PROGRAM FOR ALTERNATE SOLUTION 2.

] DUEUE CONTENT
nutt MaY. GUEVE CONTENT
MO . I {HOST LIKELY OCCURED)
or.i | BR.2 | BR.3 | BR.3 | BR.4 j| BR.1]| BR.2 | BR.3 BR.Z | BR.4

1. TY 19 15 233 9B g_ 43 13 9 123 58
2. 3. i5 12 225 o 4 11 16 118 52
3. 72 19 132 273 92 %7 12 o 142 53
4. yed 22 14 229 89 43 - 12 9 123 58
5. e 22 14 253 92 48 12’ g 127 52
. 77 17 12 235 gB q1 12 9 125 52
7. T 18 12 266 92 F 40 12 9 136 53
AUN 76 19 13 245 91 ﬁ a1 12 9 126 52
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LIEEY STNT® IF DD BLOCKS

(= B - L

LA o L O LA AT LN MR el e W MR M aDe M M WBe fw G L0 Ca) A L3 L) Q) QO L B D P DS D Y P DI B2 B e e e R e e e e e
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10
11
12
13
14
15
16
11
18
19
20
21
22

tL0C  OPERATION 4,8,C.D,E,E,G COMHEFTS
SIMULATE
RHULT 511,67,9,669,435

IPDS] FURCTION  RA1,C24
0,0/.1,.104f.2,.222}.3,.355/ .4,.509/.5, .69/.6,.915/.7,1.2{.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.8i/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8
BAARRASREI IR E SRR AR AR AR R RRARA AR E AR RR Rt RA AR REE

XPDS2 FURCTIOR  RN2,C24
6,0/.1,.1047.2,.222/.3,.395/.4,.509/.5,,69/.6,.915/.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2,3/.92,2.52/.94,2.81/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/,995,5,3/,998,6.2/.999,7/.9998,8
SRAREEHAAEEI AR RS R AR AR R AN R R R et b bR d kA

XPDS3 FUNCTION  RK3,C24
6,0/.1,.104}.2,.222/.3,.355/ .4,.509/.5,.69/.6,.915{.7,1.2{.75,1.38
.8,1.6/.84,1.83/.868,2.12}.9,2.3/.92,2.52/.94,2.681/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998, 8
SRRAAERERAR R ERAE R AR R AR R ARt E R AR ER AR AR AR ARAY

IPD34 FUNCTION  RW4,C24
0,0/.1,.1047.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1,2/.75,1.38
.B,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52}.94,2.81/.95,2.99/.96,3.2
.97,3.5/,98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8
ERERRAERARRARRARREE AR AR AR R RA R RN AR RA AR A AR

XPB5SS FUNCTION  RHS5,C24
0,0f.1,.1047.2,.2224.3,.355/ .4,.509/.5,.69/.6,.915/.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/ 94 ,2.81/.95,2.99/.96,3.2
.97,3.5/.96,3.9/.99,4.6/.995,5.3/.996,6.2/.999,7/.9998,8

REALLOCATE COM, 1500000, FAC,900,QUE, 900, CHA, SO0

LQt  TABLE 21,0,1,50 ,
LJ2  TABLE 05,0,1,50
£03  TABLE 0e,o,1,50
104 TABLE 011,0,1,50
LQ5  TABLE 014,0,1,50

GENERATE  145,FN$XPDS1, 4600,,1
SELECT MIR 2,1,4,,0

QUEUE 4
SETZE Pz
DEPART P2
ADVANCE 150
RELEASE P2
TERMINATE
t
Ah  GERERATE 9000, ,4600,,2
SEIZE I
ADVANCE 1000
RELEASE I
TABULATE 10l
TERKINATE
AAl1  GERERATE 5000, ,4600,,2
SEIZE 2
ADYANCE 000
RELEASE 2
TERHIRATE
Ak2  GENERATE 9000, ,4600,,2
) SEIZE 3

ADVARCE 7000 Fla ¢. =

7
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GPSS/H VAX/VHS RELEASE 2.0-E (0V008)

LINE® STHTR IF DO BLOCRH
YRS 23
5% 58 24
59 59 25
60 &0 26
61 6l 27
62 62 28
63 63 29
64 64
65 65 30
66 66 3l
67 67 32
68 6B kK
65 69 4
M7 35
1 n 36
77 37
N n 18
M N
w7 39
% % 40
7N 41
w8 42
9 1 43
80 80 44
81 0l 45
82 82 46
83 83 47
84 B4 48
85 85 19
86 86 50
87 87 51 °
88 88 52
89 69 53
90 90 54
4 9]

2 ® 55
93 9 56
94 o 57
95 95 58
9% 96 59
97 97 60
9% 98 61
9 99 62
100 100 3
101 101

102102 64
103 103 65
104 104 66
105 165 67
106 106 68
107 107 69
los 108 70
109 109 n
110 {10 2
1t 73
1z 112 4

H0C

AA3

2 FEB 1991  12:43:54
OPERATION A,8,C,D,E,F,6
RELEASE 3

TERNINATE

GENERATE 9000, ,4600,,2
SEXZE 4

ADVANCE 7000

RELEASE 4

TERKINATE

Phhhbaatsbahihttihsitbda bt adhitditns

BB

BB1

Bl

GERERATE 360, FN$XPDS2,1400,,1
ASSIGR 3,175
SELECT HIN 4,5,7,,0

(QUEUE P4

SEIZE P4

DEPART P4

ADVANCE P3

RELEASE M

TERMIRATE

GERERATE  9000,,1400,,2
SEIZE 5

ADVANCE 7600

RELEASE 5

TABULATE  LQ2
TERHINATE

GEHERATE 9000, ,1400,,2
SEIZE b

ADVANCE 7600

RELEASE 6

TERHIKATE

GERERATE 9000, 1400, ,2
SEIZE 7

ADYARCE 7600

RELEASE 1

TERMIRATE

FILE: FORZND.GPRS

COMKERTS

LR R R R R iR S YIRS LE

t

i1

il

HH2

H2

GERERATE 135 FN$XPDS3,6600,,1

© ASSIGH 5,150

SELECT HIN 6,8,10,,0

QUETE Pb

SEIZE P6

DEPART 6

ADYARCE PS5

RELEASE Pé

TERNINAYE

GENERATE 9000, 6600, ,2
SEIZE ]

ADYANCE 4300

RELEASE 8

TABULATE  L03

TERHINATE

GERERATE 90090, ,6600,,2
SEIZE 9

ADVANCE 4300

RELEASE 9

TERMINATE

.
{2
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GPSS/H YAN/VMS RELEASE 2.0-E (0V088) 2 FEB 1991 12:43:54 FILE: FORZNL.GPS

LINE# STHT® IF DO BLOCKK #LOC  OPERATION 4,B,C.D,EF,G COMMENTS

113 113 75 BHI  GENEBATE  9000,,6600,,2
11§ 114 % SEEZE 10

ns 115 7 ADVANCE 4300

116 116 78 RELEASE 10

17 117 19 TERHINATE

118 118 (232333323213 ]

19 119 80 GENERATE 485 FNSXPDS4, 4100, 1
126 120 Bl ASSIGH 1,14

121 121 82 QUEUE Pl

122 122 83 TRARSFER  .12,,UT

123 123 84 SEIZE Pl

124 124 85 DEPART Pl

125 125 86 ADVAKCE 175

126 126 87 RELEASE Pl

127 127 88 TERHINATE

128 128 89 U SEIZE Pl

129 129 90 DEPART Pl

130 130 9 ADVARCE 275

131 13 92 RELEASE Pl

132 132 93 TERHIRATE

133 133 s

134 1% 9% GEHERATE 9000, ,4100,,2
135 135 95 SELZE 14

136 136 9% ADVANCE 6800

137 137 97 RELEASE 14

138 138 99 TABULATE  L05

139 139 99 TERMINATE

140 ]40 dtdthrdaabth bRttt bbbttty
141 141 100 GENERATE 288, F¥$XPDS5,6500,,1
142 142 101 ASSIGH 7,180

143 143 102 SELECT MIN 8,11,13,,0
144 144 103 QUEVE P8

‘145 145 104 SEIZE P8

146 146 105 DEPART P8

47 147 106 ADVANCE 7

148 148 107 RELEASE P8

149 149 108 TERNINATE

15 150 109 DD  GENERATE  9000,,8500,,2
151 151 110 SEIZE 1

15 152 11 ADVARCE 7600

153 153 112 RELEASE 11

15 154 113 TABULATE L4

155 155 114 TERMINATE

156 156 115 DDl  GERERATE  9000,,8500, .2
157 157 116 SE1%E 12

156 158 117 ADVARCE 7600

159 159 118 RELEASE 12

160 160 119 TEANIRATE

161 161 120 CENERATE 9000, ,8500,,2
162 162 121 SETZE 13

163 163 122 ADVANCE 7600

164 164 123 RELEASE 13

165 165 124 TERKINATE

166 166 thfbttihbsn bttt itsts
167 167 125 GG  GENERATE 360000

168 168 126 TERHINATE 100
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GPSS/H YAX/VMS RELEASE 2.0-E (0Y088}

LIKES STHTH

169
170
m
172
17
11
175
176
17
178
1719
180
18}
182
183
184
185
186
187
188

169
170
m
172
17
¥l
I's
176
177
178
I
180
18]
182
183
184
k85
186
187
188

IF D0 BLOCKS

tL0e

OPERATION

START
RHULT
CLEAR
START
RHULT
CLEAR
START
RNULT
CLEAR
START
RHULT
CLEAR
START
RHULT
CLEAR
START
RHULT
CLEAR
START
END

2 FEB 1991 12:43:54

AB.CDEFSG

1
741,543,789,771,121

1
123,51,657,087,91

1
87,991,733,655,21

I
565,969,787,33,7

\
11,121, ,345,569,23

1
51,37,49,73.111

1

FILE: FORZ2HD.GPS

COKHERTS

75
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program using the best cycle time based on the best green
time combination. seven runs were performed, the results were
obtained, studied for each run, and tabulated, as shown In
table 6.16. It is easily noticed that, there are very long
queues for most of the branches, and this can't be handled by

the existing intersection geometry.

6.2.2 SECOND ALTERNATE SCLUTION:

In this solution number of lanes in branch 2 and, 4 are
to be increased up to three lanes for each branch. According
te this change, thé program also should be modified to
accommodate with the new changes. Figure 6.3 shows the
modified program that presents the modifled model.

The forecasted traffic flow for year 2000 was applied to
the modified program, and the program' run well, and the
results were obtained, and tabulated, as shown in table 6.17.
By exgmining and analysing the results, one can notice that
there are large queues in some branches specially in branches

1 and 3’. So this sclution cannot help.

6.2.3 THIRD ALTERNATIVE
In this scelution, underpass Ctunnel) will be

constructed to allow continues passing for the traffic flow.
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The best position to construct the tunnel will be on the
heaviest traffic flow branches, they are branch 1 and 3, this
will be along the QUEEN NOOR STREET. In .this case number of
phases will be reduced, and more movements can be put in this
intersection.

The program of the simulation model will be medified to
accommodate the new changing in the intersection geometry, so
lanes for passing through in branches land 3 will be
eliminated from the program. Figure 6.4 shows the new
modlified program which accommodated with the third alternate
solution,

The forecasted flow counts for year 2000 is applied to
the modified program, and the ﬁrogram was run, and the
Ifesults were obtained and tabulated as shown in table 6.18.
By analysing the results, in the table 6.18, it is easily
noticed that there is no problem, and all the branches have
reasconable and acceptance queue length, or queue content at
any time specially during the rush hour.

So the third alternate solution will be an acceptable

solution for the intersection regardless the cost.
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FIGURE 6.2 THE INTERSECTION GEOMETRY WHEN APPLYING THE THIRD ALTERNATE SOLUTION.



GRES/H VAX/VMS RELEASE 2,0-F (OVOBA) ZFER 1591 12038102 FILE: 13RD.GFS

LINER STHTH

00 -d & N B Ll B

oo mmm**ﬁ-&ﬂ*mh**mm@mmumwwNNNNNNNNNNN‘-—‘D—"—'D—'I—"—-'—"—"0—-

SO ~d O A B L R e

WL L Y L M e e e i ale W e W e G G GO G G 0 GO L0 K0 O B DD P RS PIOR) B DD 0D el e e b o b L TR e
o U e t: PO et 53 W0 00 =) Oh 47 e () [N — & WD C0 =] O AP e L0 R S D SR ] Chon e Lo P e D 3D ] Oh e GO R e O

IF DO BLOCKR

D ) Ch 00 e L) P

11
12
13
i

15°

16
17
18
19
20

¥LOC  DPERATION A,B,C,0,E.F,G  COMMENTS
SIMULATE
RMULT 511,67,9,66%,435

XPDS| FUNCTION  RNI,C24
0,0/.1,.104/.2,.222/.3,.355/ .4,.509/.5, .69/ .6,.915/.7,1.2/.75,1.38
.8,1.6/.84,1.83/.98,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.94,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8
S E AR R R R RE R E AR E AR B E R R R R
XPDS2 FUNCTION  RN2,C24
0,0/.1,.104/.2,.222/.3,.355/ .4,.509/.5,.69/ .6, .915/.7,1.2/.75,1.38
.8,1.5/.84,1.80/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998, 4.2/ .5999,7/.9798, B
FERF R RN R R R R R R RN RN RN R RN FE RN ER R R
XPDS3 FUNCTION  RN3,C24 '
0,0/.1,.104/.2,.222/.3, .35/ .4,.509/ .5, .69/.6,.915{.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8
(S R N R R e R Rt et R R R s ieiasRielsesatit)
IPDS¢ FURCTION  RN4,C24
0,0/.1,.104/.2,.222/.3, .355/.4,.509/.5, .69/.6,.915/.7,1.2/,75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.9,.2
.97,3.5/.98,3.97.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8
I e e R e R R S A L E L b R R R R R A R R a1ttt tastataty]
XPDS5 FUNCTION  RN5,C24
0,0/.1,.1047.2,.2221.3,.355/ .4, .509/.5, .69/.6,.915/.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.61/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.938,6.2/.999,7/.9998,8

REALLOCATE COM,1500000,FAC,900,QUE,900,CHA, 200

L0l  TABLE 01,0,1,50
LJ2  TABLE ¢5,0,1,50
L33 TABLE 07,0,1,50
[04  TABLE 01E,0,1,50
L)5  TABLE 07,0,1,50

GENERATE 485, FH$XPDSL,2000,,1
ASSIGH 2,200
SELECT MIR 1,1,2,.0

QUEUE 31
SEIZE Pl
DEPAR? Pl
ADVANCE P2
RELEASE  PI
PERMIFATE
1
CENERATE 9000, ,2000,,2
SEI2E 1
ADVANCE 7000
RELEASE 1
TABULATE  LQI
PERMINATE
*
CERERATE 9000, ,2000,,2
SRIZE 2
ADVANCE 7009
RELEASE 2
TERKINATE Fiq 6-n

79
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GPSS/H VAX/YMS RELEASE 2.0-E (CV084) 2 FEB 1991  12:36:02 FILE: 13RD.GPS

LINE® STHT® IF DO BLOCK® *LOC  OPERATION A.B,C.D,EF,C COMHERTS
57 57 thiddtidhatdb kbR Ritnnititdddniitdand
58 58 21 GEFERATE  360,FW$IPDS2,5200,,1
59 59 22 ASSIGH 3,175
60 60 23 SELECT HIN 4,56, ,0
61 6l 24 QUEUE |
62 62 25 SEIZE P4
63 63 26 DEPART P4
64 64 21 ADVANCE 13
65 65 28 RELEASE P4
66 66 29 TERHINATE
67 67 ' 1
68 68 30 BB GENERATE  9000,,5200,,2
69 69 i SE1ZE 5
70 32 B ADVANCE 6300
nmn 33 RELEASE 5
nom H TABULATE L2
nom 3 TERHINATE
! 36 BBl GENERATE  9000,,5200,,2
BT 3 SEIZE 6
%6 38 Bl ADVARCE 6300
m o om 3 RELEASE 6
878 40 TERNINATE
] 15 Abdthihdatid kst d it bbbt iiis
80 80 41 GERERATE 485, FN$XPDS4,2000,,)
81 8l 12 SELECT NIF 5,7,8,,0
B2 82 43 QUETE PS
83 83 44 TRANSFER  .12,,UT
Bt B4 45 SEIZE P5
85 85 16 DEPART  PS
86 86 17 ADVANCE 170
87 87 48 RELEASE DS
88 88 49 TERMINATE

-89 89 50 Ur  SEIZE PS5
% 90 51 DEPART  PS
91 9l 52 ADVARCE 275
%2 92 53 RELEASE  PS
9 9 54 TERNIRATE
94 o4 '
95 95 55 GERERATE  9000,,2000,,2
% 96 56 SEI%E 7
97 9 57 ADVARCE 7000
9% 98 58 RELEASE 7
9 99 . 59 TABULATE 05
100 100 60 TERMINATE
161 101 61 GENERATE  9000,,2000,,2
102 102 62 SEIZE 8
103 103 63 ADYARCE 7000
104 104 64 RELEASE 8
105 105 65 TERMIAATE
106 106 ISR a 323323832383 23320303003231]
107 107 66 GENERATE 288, FR$XPDSS,8500, 1
108 108 67 ASSIGE 7,175
109 109 68 SELECT NIF 8,11,12,.0
110 110 69 QUEVE P
nr o 70 SEI1ZE P8

112 112 1 DEPART P8
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GPSS/H VAK/YMS RELEASE 2.0-E (0Y088)

LIXE# STMT® IF DO BLOCKE tLOC

113
114
115
116
17
116
119
129
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
136
139
140
141
142
143
144
© 145
146
147
148
14%

13
114
115

116 .

17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
14]
142
143
144

- 145

146
147
148
149

T2
n
"
75
16
11
8
I
B
8l
a2
83
B4
85

86
87

I}

bl

66

2 FEB 1991  12:36:02

QPERATION 4,B,C0DEFG

ADYANCE P?

RELEASE P8

TERWINATE

GENERATE 9000, 8500, ,2

SEIZE 1

ADVARCE 6200

RELEASE 11

TABULATE  LO4

TERNINATE

CENERATE 9000, ,8500,,2

SEIZE 12

ADVARCE 6200

RELEASE 12

TERMIRATE
SRERRARRRERERARIRARIRRRNIIRNENE

GENERATE 360000

TERNINATE 100

STARYT 1

RNULT 741,543,789, 771,121

CLEAR

START 1

BHULY 123,51,657,87,91

CLEAR

START 1

kMULT §7,991,733,655,21

CLEAR

START l

RHULT %65,989,787,33,7

CLEAR

STAR? 1

EHULT 11,121, ,345,569,23

CLEAR

START 1

RNUET 51,3749, 13,111

CLEAR

START 1

ERD

FILE: 13RD.GPS

COMHENTS

81
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6.3 WHEN TO APFLY THE PROPOSED SOLUTION

In order to determine the best time to apply the third
alternate solution, the following small study ls applied:
Since the best cycle time, based on best combination is
determined, the forecasted traffic flow for years 1990,
1991,.... 2000, and check the results, and determine in which

year that the intersection can’t handle any more flow,

because after that year there is no way to solve the problem -

of the queue length except by changing the geometry of the
intersection, and this can be done by using the third

alternate solution.
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TABLE 6.18 SUNMERY OF OUTPUT OF THE PROGRAN FOR ALTERNATE SOLUTION 3.

i MAX. GUEUE COMTENT | QUEDE CONTENI

HO' j . 3 (MOST LIKELY OCCURED)
pR.1 | BR.2 |{ BR.3 | BR.4 % BR.1| BR.2 | BR.3 | BR.4

i. 12 12 11 17 s g 7 11

2. 15 13 11 17 8 8 7 11

3. 11 12 13 17 8 8 B 12

4. 14 12 1@ 16 9 g 7 12

5. T 13 11 17 9 9 & 12

G. 1B iz 11 22 g 8 7 13 | \

7. 11 iz | 13 17 K 8 77 | 13

Ay, 13 12 i1 | 18 N K: 8 7 12
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CHAPTER SEVEN
DISCUSSION AND CONCLUSION

7.1 DISCUSSION

This thesis introduces andl appllies scientific
engineering management techniques in evaluating any
intersection, and giving best solution, by analysing the
results of the output of the computer program developed to
that intersection. The developed simulation program provides,
a fast, easy, and reliable method of evaluating current or
future conditions at the intersections. Three alternatives
were simulated, the resulis were analyzed, and the following

issues regérding modeling, data, and results are discussed:

1~ In building the model, it is considered that each lane
will present a facility and for each facility the queue is
introduced to gather statistics for that lane. Note in branch
1, for example there are 4 facilities since there are 4
lanes. When the traffic floQ inter branch 1,Ithe flow wiil be
distributed into the 4 lanes, but before that, there will be
a check for the least queue length to enrcll into it.

&= In branch 2, there is only one marked lane, but actually

two cars at the same 4Ltime are passing the intersection
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parallel to each other, and this will introduce two queues.
In order to be very accurate and present the actual situation
two lanes were considered in branch 2. This happened
alse in branch 4.
3- As mentioned earlier, some data was not available, so it
was taken from the site. In determining the service time for
branch 3’, some of cars in that lane, turned left, while the
others turned back (U turn), the service time for each type
will differ from the other, so each type is separated by
using the TRANSFER block, and certain service time was
assigned to each type.
4~ As known the time needed for car No.l to cross the
intersection will be greater than it needed for car No., &,
car No.. 3..... until car No.5. In order to assign a fixed
service time for all cars, the green time for that branch is
posiponed for certain time, which equals te the average time
needed for the first 5 cars - average time needed for the
second 5 cars in the queue.
S- In order to develop an accurate and presented progfam, the
following was done:
- Eliminate the effect of randomness by using R-MULT
card, and the same distribution function to generate

arrivals.
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- Run the program for complete hour, in order to reach
steady state.

- The program was run seven times for each case,then the
average of the seven oulputs were taken as a
results of that case.

G- The selected cycle times to be studied were high. Because
we have 4 phases, and large traffic flow, 1t is recommended
to Increase the cycle time length, in order to allow more
time for the green time period without interruption, and
reduce the lost time.

7- The best sclution regarding the performance and queue
length in the intersection, was the third alternative,
because 1t gave the minimum queue length, while using the
Eforecasted traffic flow for year 2000. Alternative two will
not sclve the problem for long time, and it needed to buy
land from it’'s owners, and this may be difficult. In the
first. alternative, it is impossible teo handle such large
traffic flow as in year 2000,

8- When the results of the program were ;ompared with the
existing actual situation, they were almost the same, which

means that the program 1s present the actual.situation.
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9-The time needed to run the program is very small compared

with other softwares, 1t takes about (18-28) seconds.

7.2 CONCLUSIONS

1- For the ﬁext two years the problem can be solved by

adjusting the c¢ycle time and distribute the green time

properly. So the cycle pime is to be 80 sec. and then

increased to 120 gec., and then to 140 sec.

2- After 1993 the intersection at this situation can’t

handle the the forecasted traffic. So it is recommended to
construct the tunnel as illustrated in the third alternate

solution.

3~ It is recommended to use the simulation technique apprecach -
in order to predict the results of any project before doing
it,

7.3 FURTHER RESEARCH

1- Prepare all the needed data to major {ntersections in
JORDAN, to be available when requested.
2- Study the design and construction of the tunnel in

details, in order to be ready in 1993,
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3~ Study more than one intersection, connected together, and
apply the computer program to them after modifying it.
4- Modify the program, so it can be run on (PS) computers, to

make animation of the transactions.
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