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Abstract

Parking is one of the extremely important issues for all automobile users. It is even more
important for special events such as Hajj. Arafat area is one of the most significant parts of the Hajj,
where huge number of pilgrims arrive at the morning of the 9th of Dhul-Hijja in their different types of
vehicles, park, remain till sunset and depart to Muzdalifah.

This study examines the existing parking problems of Arafat in detail, suggests some alternative
parking solutions for present and the future up to year 1425 H, evaluates the different parking proposals
and selects the best system to be implemented at Arafat.

Finally, this study gives some recommendations and an operational plan for Arafat.
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ABSTRACT

Parking is one of the extremely important issues for all
automobile users. It is even more important for special events
such as the Hajj. Arafat area is one of the most significant parts
of the Hajj, where huge number of pilgrims arrive at the morning
of the 9th of Thul-Hijja in their different types of vehicles, park,

remain till sunset and depart to Muzdalifah.

This study examines the existing parking problem of Arafat
in detail, suggests some alternative parking solutions for present
and the future up to year 1425 H, evaluates the different parking
proposals and selects the best system to be implemented at Ara-

fat.

Finally, this study gives some reqommendations and an

operational plan for Arafat.

-Xi-



A\ E

> S o pedl pedl pal e eman ol Ll WSl gl g3 5e ol
- el Bl clwlisdl S Relsy - ol jledl RSl

P T SRy SOV R P R W | g SRR DU ) ] B-V | R RO g JCYI SN
pelsdl ol B Llaeeli,s Il glaadl oo alile slael Jox e 2]l
OJJ‘)L‘i'—“:*:‘;U"":‘Jl OT—_-EA U'” w_‘.S.A.,_oJ f“_:lJ'_-"‘” U."ij.,f-' ‘a.: It Equ.a.Jl S o

} cadcdl, A JdbJl el e G5l ye adSie Jylozg cadl 132 !

W

ol il y Soladl 5 G5l gadl ISEe dadleo] Jylodl pan o ,nd,

o Ledasl Lty deadedl Jylbdd pnds e Lall Jez2y 23EY0 pls

ol 'BSfM;Jc.L,a‘,:.JI‘PJ_.UJ.:;‘A_JI tdo semns lolosy

. c.'l____!_).:u_’



Chapter 1

INTRODUCTION

1.1 Problem Statement

The Hajj is the annual Islamic pilgrimage to the holy city of
Makka. It has existed since long before Islam from the days of
the prophet Ibrahim. Since the ninth year of the Islamic Lunar
Year (Sabiq 1985) the Hajj became an obligation at least once in a

life time for those who can afford it.

There are many ways to perform Hajj. Following is a brief

description of the method many pilgrims follow:

By the eighth day of Dhul-Hijjah, the last month of the
lunar Islamic calendar, almost all the pilgrims are already in Makka
(see Figure 1.1) or its environs (shown in Figure 1.2). On the
morning of the eighth day, some pilgrims go from Makka to Mina
(see Figure 1.3), (a distance of about 8 km) to camp there for
that day, and the rest either proceed directly to Arafat or stay in
Makka. On the ninth day, all the pilgrims must be in the plain of
Arafat (see Figures 1.4 and 1.5), (20 km from Makka). Being in
Arafat on this day is the most important rite of the Hajj. Pilgrims
spend their day in Arafat in prayer and supplication and prefer to
visit the Mountain of Mercy which is located as shown in Figure

1.6, while there are no required activities within Arafat.



in Makka.

The Holy Mosque i

Fig. 1.1
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Fig. 1.3: Mina crowded with traffic jams and pedestrian
movement.

-



Fig. 1.4: A close view towards Arafat



Fig. 1.5: An aerjal view of Arafat



Fig. 1.6: General Layout of Arafat




Immediately after sunset of the ninth, all the pilgrims desire to
leave Arafat. They move to Muzdalifah (6km), where some spend
the night. Most pilgrims stop in Muzdalifah for a short time to

pray, then continue to Mina.

Early in the morning qf the tenth day, all the pilgrims are in
Mina where each individual first throws seven pebbles at the third
pillar of the "jammarat", sacrifices a cattle, and then takes off his
or her "ihram"(special cloth for the Hajj). Sometimes during this
day or the following two days, the pilgrims go to Makka, usually
in the evening when it is cool, to perform the "tawaf" (circumam-
bulating the holy Kaba 7 times) and "saee" (walking briskly 7
times between 2 hills spaced about 400 m apart) in the sacred mos-

que, then return to Mina to spend the night there.

On the 11th, 12th, and 13th of the month, the only required
activity is throwing 7 pebbles at each of the 3 jamarat pillars early
in the afternoon. Pilgrims are allowed to leave Mina on the 12th
and most of them do so. The only rite left at this stage is a fare-

well tawaf which is to be performed before departing from Makka.

The Ministry of Finance showed that at year 1405 H approxi-
mately 1.6 million pilgrims came to Makkah with 198,000 vehicles of
different types. This concentrated activity creates serious trans-
portation problems at various stages of the Hajj activities.

Arafat is an open valley with some mountains of medium height at

its north eastern section. The recognized holy area of Arafat



(13,680,000 sq. m.) focuses on Jabal-el-Rahma, the Mountain of
Mercy, around which pilgrims camp during the 9th of Thul-Hijja.
The area currently used for camping is about 10,000,000 sq. m.
About 25 percent of the total camping area is reserved for roads
and car parking. Incoming traffic is brought to Arafat through

nine roads which have abundant capacity.

However after arriving in Arafat the problem of finding a
suitable parking space begins, (Yafi, 1983). Parking in Arafat is

currently a problem area because of the following reasons:

1) Demand is very large compared to the limited supply.

2) Operational problems : searching for parking creates

delay, accidents, pollution, etc.

3) Parking is of a special nature in Arafat. This is because
most people want to be close to their vehicles as a tempo-
rary residence. Some of the Hajjis build make-shift tents
attached to their vehicles for protection from the sun.
Therefore these Hajjis do not want to be far away from

their wvehicles.

4) Due to double and illegal parking on both sides of most
streets, access of emergency vehicles becomes very diffi-
cult in medical emergencies and other emergencies (such

as fire).

PONRT S g |
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1.2 Goals and Objectives

The main goal of the study is to examine the parking prob-

lem in Arafat, and find an optimal design to solve the future park-

ing problem.

Under this general goal an attempt will be made to achieve

the following objectives :

1)

2)

3)

1

5)

Determine the existing parking supply and demand

through other studies and further data collection.

Forecast future demand for the years 1410 - 1425 H.

Suggest some engineering parking design alternatives
suitable to solve the existing and future parking prob-

lem.

Evaluate the different suggested parking designs, and

select one for further detailing.

Give recommendations for the physical arrangements and

the operational aspects of the selected design.

10
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Chapter 2

LITERATURE REVIEW

2.1 Generdl Introduction

The terminal, the roadway, and the vehicle are the basic ele-
ments of the highway transportation system. The arrangement and
design of each element influences the performance of the total system

(Pignataro, 1973).

There are five basic elements essential to any parking study:

1) Preparation, planning and organizing the study.

2) Data collection for surveying existing parking condition.

3) Data analysis for the determination of the needs and devel-
opments of alternatives.

4) Evaluation of the feasible alternatives.

5) Implementation of the recommendations by selecting a pro-

gram of improvements (Parking Principle, 1971).

The problem of parking is very important in today's automobile-
oriented cities. Much of the congestion in many cities is caused by

inadequate parking facilities.
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2.2 Relationship Between Design and Operation

The operation of a parking facility is greatly influenced by its

design. The design elements and their associated operational features

may be identified in successive steps as follows:

1)

2)

3)

1)

5)

6)

7)

8)

Vehicular access from the street system (entry driveway).
Search for a parking stall (circulation and/or access
aisles).

Maneuver space to enter the stall (access aisle).

Sufficient stall size to accommodate the vehicle's length and
width plus space to open car doors wide enough to enter
and leave the vehicle.

Pedestrian access to and from the facility boundary (usually
via the aisle).

Maneuver space to exit from the parking stall (access
aisle).

Routing to leave the facility (access and circulation aisles),
and

Vehicular egress to the street system (exit drivex;vay),

(Parking Principle, 1971).

2.3 Special Event Parking Problem

The available literature about special event parking is mainly

at stadiums, convention centers, auditoriums, and exhibition halls
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(Whitlock, 1982) which are somehow similar to the Hajj in some of the
characteristics but, still, the Hajj is a unique special event as men-

tioned before.

Special events occur once in a time on an occasional basis,
where a special facility is non-existent or grossly inadequate, require
temporary arrangements to handle traffic and parking demands. Spe-

cial arrangements should be based on the following:

1) The anticipated parking.

2) Traffic characteristics likely to result for the type of
event.

3) Expected crowd

4) Location or area that will host the event (Whitlock, 1982).

To prevent or minimize special event traffic and parking problems,
the key is advance planning. Parking demand characteristics for

special events asre reflected by:

1) Mode of arrival used

2) Vehicular occupancy
which are largely dependent on the type of event and its location,
(Whitlock, 1982). Since Hajj] is a special event that has similar
characteristics as other special events such as sport meetings, it is
useful to include Tables 2.1 and 2.2 which show mode of arrival used

an vehicle occupancy rate for various special events.
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Table 2.1: Example of Mode of Arrival to Some Special Events.

Location

Type of Event % of People Arrived
By Private Vehicle

Oakland, california

Anahbeim Stadium,
California

Edmonton, Canada

Hagley Museum, DE

Pro-football 88
Football 100
Soccer 80
Museum 49

Source: Whitlock, (1982), p. 34.

Table 2.2: Example of Private Vehicle Occupancy Rate

Type of Event

Average Number of
Persons per Vehicle

Museum
Horse racing

College football

3.0
2.5

3.0

Source: Whitlock (1982), p. 34.
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2.4 Studies About Hajj Problem

A study of the Arafat area and the parking problem was con-
ducted by Ministry of Communication (1979). Their study is possibly
the closest to this thesis. But because their study is old, they have
not taken into account the conditions and regulations prevailing now,
such as that a minimum of 9 persons must be present in any vehicle
entering the Holy area, and that non-Saudi resident in the Kingdom
can only perform Hajj once in every five years. They explained the
existing case of Arafat and the importance of study for the future
parking problem. In their study they have assumed three different
scenarios:

Scenarjo 1: Pilgrims are free to use any type of vehicle, even sedan
cars.

Scenario 2: To discourage pilgrims using small vehicles without any
!aw enforcement.

Scenario 3: Only buses with occupancy rate of 40 pilgrims/bus are
allowed to enter the Holy area. In their study they have forecasted
for the future using a simple linear regression analysis for foreign
pilgrims. For internal pilgrims they assumed that the rate of
increase in the number of pilgrims would be 3 percent every year
which is the growth rate of the Saudi population. They predicted
2.4 million pilgrims in the year 1405 H, but the actual figure was
only 1.59 million, therefore there was an overprediction. They
showed the traffic volumes on each of the nine major roads for year

1412H for incoming traffic to Arafat in the morning of the 9th of
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Thul-Hifjah and for departing traffic out of Arafat to Muzdalifah after
sunset, (see Figure 2.1). without giving any idea about the level of
service on these roads. They proposed some designs for parking
lots such as a parking lot to accomodate 660 small and 230 buses see
Figure 2.2 another design to accomodate 1760 small and 306 buses see

Figure 2.3 .

Many researchers have discussed the Hajj, and talked about

different Hajj problems in the past and at present.

El-Hamodan (1976) tslked about many different topics of the
Hajj in the past and the existing case including housing in Makka,
traffic volume between Jeddah, Makka, and Medina, the economic
impact of the Hajj on the Kingdom. He explained the major reasons
affecting the number of pilgrims coming to Hajj and their mode of
arrival since year 1380H and he concluded that the improvements of
transportation facilities within Saudi Arabia and worldwide develop-
ment in transportation technology have been the major factors influ-
encing the numbers of pilgrims. He made several trials to obtain a
forecasting model for the future number of pilgrims, to fit a multiple

regression equation, the following is an example of his trials:

Pij=°‘+BlYi+BZDi+B3Cij+B4Tij

where

Pij = number of pilgrims from country i by mode j.
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Y. = per capita income of country i.

i
Di = distance of country i from Makka.
Cij = cost of travel from country i to Makka by mode j.
Tij = time of travel from country i to Makka by mode j.
a, B1 ...... B4 are parameters to be estimated by the model.

At the end of his forecasting work he predicted the num-
ber of pilgrims at year 1983 to be 1,025,000 while the actual
number was 2,501,706. He suggested some proposals for solv-
ing future traffic problems in the Hajj, including two types of
camping in Arafat: Type A is for pilgrims arriving by air or
sea. The size of this type is 200 x 300 m to accommodate 2000
pilgrims and parking spaces for 72 buses and 24 small cars,
see Figure 2.4. The Type B camping is for pilgrim arriving in
their own vehicles. It has a parking capacity of 124 buses and
572 small cars, see Figure 2.5. Moreover, he expressed that
the 9 major roads leading to Arafat do not exceed the level of
service C (see Figure 2.6) even in the peak hours, as shown

in Table 2.3 .

20



[T tents
[T Toilets -

GEB Cook:ng and water
> Parking for Large

> Vvehicles

B Parking for Small

Vehicles
*  Light Post
Shops
(3 teattn

O waoste Disposal

Figure 2.4:

.- 10m — .

Details of a subunit of camping layout type (A). ‘

Source: El-Hamadan, 1976,
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Table 2.3: Ievel of service on Arafat's roads due to incoming
traffic on the 8th and 9th Dhul-Hijja 1973

Time Road 3 Road 4 Road 5 Road 6

10.00 - 11.00 am 8th.
11.00 - 12.00 am
12.00 - 01.00 pm
01.00 - 02.00 pm
02.00 - 03.00 pm
03.00 - 04.00 pm
04.00 - 05.00 pm
05.00 - 06.00 pm
06.00 - 07.00 pm
07.00 - 08.00 pm
08.00 - 09.00 pm
09.00 - 10.00 pm
10.00 - 11.00 pm
11.00 - 12.00 pm
12.00 - 01.00 am 9th.
01.00 - 02.00 am

02.00 - 03.00 am

- A N A T

03.00 - 04.00 am

04.00 - 05.00 am

05.00 - 06.00 am

06.00 - 07.00 am

- I S I A T
S S . I A T R
e - S - R -~ R -~ B o B - R

07.00 - 08.00 am

e ,uiiiﬂ



(Continued Table 2.3)

08.00 - 09.00 am
09.00 - 10.00 am
10.00 - 11.00 am
11.00 - 12.00 am
12.00 - 01.00 pm
01.00 - 02.00 pm
02.00 - 03.00 pm
03.00 - 04.00 pm

A I A - A

o W m® W Q Q

> > > > P> ©m 0 O

Source: El Hamadan , (1976).
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Yafi (1983) studied the management of some large scale
logistic problems of the Hajj. He emphasized on the movement
problems that pilgrims are facing between the Holy areas. He
explained that today's fast jet aircrafts transport hundreds of
thousands of Hajjis speedily into the Kingdom and various forms
of automotive vehicles of all types are utilized to shuttle the
pilgrims to and from and within the Holy areas of Makka like a
giant conveyor belt. This process led to monumental problems
in terms of traffic congestion, conflicts with pedestrian move-
ment, accidents, air pollution, noise and other disadvantages.
He expressed the difficulties that pilgrims are facing in Arafat
where pedestrians have to force their way through bumper-to-

bumper traffic which is an extremely "dangerous situation".

Moreover, the special requirements to the automobile vie with
those of the pilgrims. He developed a dynamic capacitated net-
work model to schedule and minimize traffic and population con-
gestion and thus reduce overcrowding at the Holy sites. He
concluded that the smoother and more fulfilling operation of the
Hajj can be achieved through the incorporation of modern mod-
elling techniques which can readily be integrated with efforts
with the mutually embraced objective of elevating to fruition the
spiritual goals and deep personal meaning of the Hajj. He also
talked about some old and modern topics of the Hajj such as
the fire problem in Mina.

26
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Bodo (1980) in his study entitled 'Tent City’, explained
about Arafat in general, and what pilgrims do on that day. He
stated about the huge traffic problems that pilgrims face when
they drive out of Arafat to Muzdalifah and the conflict between
pedestrians and vehicles where people fight their way to move.
He explained that in the course of the pilgrims' movements
there are congestions and other disturbances which are caused

by one or more of the following factors:

1) Congestion due to the density of the crowd.

2) The mixing of vehicles and pedestrians.

3) Insufficient infrastructure along the pilgrims' paths.
4) Degradation through pollution and noise.

5) Lack of information for pilgrims and personnel.

He explained that to understand the movement of Hajj in a bet-
ter way it is presented as a "closed system" with a varying number
of pilgrims flowing through it per time unit, (see Figure 2.7). This
illustrates that the overall capacity of the system is dependent on the
through-put capacity of the narrowest point. Tawaf admits about 30

thousand pilgrims per hour.

Bushnaq (1977) made a study about planning and evaluation of
special event transportation systems with application to the Hajj. He
explained the characteristics of SETS (Special Event Transportation

System), which are as follows:
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Fig. 2.7: Illustration for explaining Hajj
Movement as a '"Closed System'".
Source: Bodo, 1980.
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1) has a common set of movements;

2) serves unfamiliar users with diverse needs;

3) operates at infrequent intervals and for short durations;

4) involves dense vehicular and pedestrian movements;

5) interacts strongly with other transportation and non-trans-

portation systems;

6) exhibits inelastic supply and demand decision behavior;

7) has critical safety and security needs.
He stated that one of the Hajj goals is to commemorate the experience
of Prophet Ibrghim who built the Ka'ba, threw stones at the devil
which appeared to him in Muna valley, and sacrificed an animal
instead of his son. For a pilgrim, to share a similar experience, he
must be surrounded by a natural environment and isolated from the
intrusion of the machine. This is another reason why Hajj transpor-
tation components must have minimum noise, air pollution, or destruc-
tion of natural forms. He also stated that the HTS (Hajj Transporta-

tion Systems) has the following objectives:

1) The satisfaction of Hajj rites' movement;
2) Intangible functions;

3) Safety-security needs.

He explained that the transportation problems of the contempo-
rary Hajj cannot be solved merely by building more roads and pro-
viding more vehicles. Any solution must be consistent with the func-

tion of Hajj and the objectives of HTS at large. The adopted solution
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for any part of HTS must be integrated with other components of the
system to prevent creating new problems. Moreover, he stated that
the efforts of controlling the number of pilgrims should be directed
toward eliminating a8 sudden or an unexpected large increase or

decrease to avoid overtaxing or idling the local facilities.

The Ministry of Municipal and Rural Affairs (1405 H) made a
forecasting study about the expected future numbers of pilgrims. In
their stﬁdy they took into consideration the latest Hajj regulations.
They conducted the long-term projection of the number of pilgrims as
being a vital parameter in planning for expansion in the facilities and
infrastructure for Hajj within the Kingdom of Saudi Arabia in general
and the Holy environs of the Makka planning region, in particular.
Moreover, it is necessary not only to project the total number of pil-
grims but also to derive the composition of this number as different
types of pilgrims place different demands on international and domes-
tic transport. Figure 2.8 shows their classification of pilgrims for
forecasting purposes. They developed three forecasting models for

different categories of pilgrims, such as:
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Ht = Number of internal non-Saudi pilgrims in year t.
W = Number of non-Saudi workers in Saudi Arabia.
f = Number of dependents on average living in Saudi Arabia

with each migrant worker in year t.

Proportion of Muslims in the total non-Saudi population.

8
"

S = Proportion of Muslim non-Saudi population that has been
resident in Saudi Arabia for i years as of year t, i = 1,
2, ...., n.

r = Probability of Hajj being performed in year t by an

individual who has been resident in Saudi Arabia for i
years.

Angawi (1975) explained some general ideas, facts and statistics
about Hajj areas such as Makka, Medina and Jeddah and also about
local Holy areas such as Muna, Muzdalifah and Arafat. He expressed
that there is a need to organize the existing bus system to form a
continuous transportation connection between the religious sites that
would alleviate traffic congesiton in and between Makka, Muna, Muz-

dalifah and Arafat.

In his opinion, although walking may be the best way to per-
form the pilgrimage, not every one can walk. For the old and the
infirm, walking can be too tiring. Also for those walking, the relig-
jous atmosphere should not be disturbed by the noise of automobile.
A shuttle bus system is the most efficient way to move large number

of people, and a good way to support the pedestrian pilgrimage.

If a shuttle bus system is introduced it will make more room for
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people because if the people in buses were to travel by car, the cars
needed would take much more room than the buses. A bus system
will greatly decrease the number of private cars necessary. This will

in turn reduce traffic jams and help the pilgrims to walk in peace.

The Ministry of Finance carries out a statistical study every
Hajj season about the numbers of pilgrims of all categories (Saudis,
non Saudis) and also the numbers of vehicles those pilgrims used for
transportation. The number of Muslims coming to Makka for perform-

ing the Hajj is given in Table 2.4.




Table 2.4: Pilgrim Total

Year Total Foreign Resident of Saudi Arabia
Saudis Non-Saudis

1970 1 079 760 431 270 404 186 244 304
1971 1 042 027 479 339 353 480 209 208
1972 1 216 951 645 182 352 955 218 814
1973 1 122 545 607 755 309 853 204 937
1974 1 484 975 918 777 322 761 243 437
1975 1 557 867 894 573 306 154 357 135
1976 1 456 432 719 040 302 303 435 089
1977 1 627 589 739 319 392 129 496 141
1978 1 899 420 830 236 400 179 669 005
1979 2 079 689 862 520 344 757 872 412
1980 1 949 634 812 892 292 276 844 466
1981 1 943. 180 879 368 224 299 839 513
1982 2 011 555 852 555 238 985 919 015
1983 2 501 706 1 003 911 292 962 1 204 833
1984 1 664 478 1 919 671 218 589 526 218
1985 1 589 776 851 761 252 185 485 830
1986 1 600 475 856 718 239 207 504 550
1987 1 619 324 960 386 270 581 388 357

Source: General Statistics, Ministry of Finance, (1407).
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Chapter 3

METHODOLOGY

3.1 Introduction

The work plan of this thesis can be summarized briefly in the
flowchart illustrated in Figure 3.1. A brief description of each part

will be given below.

3.2 Studying the Existing Parking Demand and Supply

It is important to consider the existing parking demand and
supply, because it is the starting point and any study for the future

will have no meaning without the study of the present situation.

As explained in Chapter 2, the Ministry of Finance carries out
a general statistic every Hajj season in the Holy area (Makka, Muna,
Arafat) for thelr own purposes, and it was found that their statistics
are quite useful, reliable and contains detailed information. There-

fore it was decided to use these statistics in this study.

Obviously, the existing supply is the road network and the
surface parking lots. This can be found out by means of available
maps of Arafat. A questionnaire was also carried out during the day
of Arafat to analyze in detail the existing situation and take the

opinions of some pilgrims about the existing situation of Arafat. This
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questionnaire is explained in the following chapter.

3.3 Forecast for the Future Parking Demand and Supply

This study aims to solve the parking problem for the future,
therefore future forecasts of demand and supply will be needed.
Naturally, the future parking demand depends on the expected future

number of pilgrims, categorized by the mode of arrival to Arafat.

A recent study done for the Ministry of Municipal and Rural
Affairs (1985) included the forecasts of the number of pilgrims.
After obtaining the future number of pilgrims, next step will be to
predict the parking demand generated by that number of pilgrims.
That will be done by using the parking demand for year 1405H as
base year, it will be assumed that future parking demand wil

increase by the same rate of the increase of the number of pilgrims.

Classifying pilgrims according to their mode of arrival and
according to their origin has a direct impact on the parking problem.
Figure 3.2 shows the different categories of mode of arrival. Pil-
grims coming by air or sea will either use their muttawiff's vehicle
(Muttawiff is the pilgrim's leader) to Arafat or hire one and go to
Arafat. Pilgrims coming in their own buses and vans have no diffi-
culty in entering the holy area to Arafat and parking. But pilgrims
coming in small vehicles (less than 9 passengers) must park in

peripheral lots and either use the muttawiff's vehicle or hire one to

. L
;-e.',:\a:ra:;é,-;gﬁgﬂ
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go to Arafat.

Figure 3.3 shows the different categories of pilgrims according
to their origin. Pilgrims from the Kingdom or other GCC (Gulf Coop-
eration Council) countries might be split into three categories accord-
ing to their mode of arrival and will follow the same pattern explained
above. Pilgrims coming from all other countries are of two types:
using air or sea, or their own vehicles. Each will follow the pattern
explained in Figure 3.2 above. Accordingly pilgrims will be split in

the following categories:

1) External pilgrims arriving with own buses

2) External pilgrims arriving with own small vehicles (mini
buses, vans, ete.).

3) External pilgrims coming with muttawiff's bus.

4) Internal pilgrims using buses.

5) Internal pilgrims using small vehicles.

6) Pedestrians

Each of these different categories will have different parking require-

ments.

3.4 The Future Scenarios

This study will examine the future demand under the following

scensarios:
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scenario I: The existing case is still prevailing, i.e. no sedan vehi-
cle is allowed to enter the holy area, unless there is a minimum of 9

passengers in each passenger vehicle.

scenario 2: No sedan, vans and suburbuns are allowed. A minimum
of 18 passengers per vehicle will be imposed, i.e. mini-buses or
larger vehicles will be allowed for transporting pilgrims inside the
holy area. All sedans, vans, suburbuns must be parked outside the

Holy area.

scenario 3: No sedans, vans and mini buses are allowed: a minimum
of 36 passengers vehicle is allowed i.e. only large buses or double

deckers are allowed.

3.5 Criteria and Objectives for Future Parking Systems

Since Arafat parking is a very special case, there are specific

objectives that should be fulfilled. These objectives are listed below:

1) The system should reduce delay in searching for a parking
space, because wasting time in searching for a parking
space is undesirable for the pilgrims and causes air pollu-
tion and traffic problems.

2) The system must be convenient for the driver to get in
and out, because in the case of complicated system, driv-
ers may get irritated which might cause traffic hazards

and violations, specially by unfamiliar drivers.



3)

4)

5)

6)

7)

8)

9)
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The system should minimize walking distance between the
parking lots and the camping area to reduce pilgrims'
fatigue, specially those who are old and carry their lug-
gage (food, clothes, etc.) themselves.

The system should provide the minimum conflict between
vehicles and pedestrians because of the safety of the pil-
grims.

The system should cause minimum air pollution by provid-
ing enough distance between parking lots and camping
area.

The system should be aesthetic (to give nice view to Ara-
fat).

The system must be consistent with the Islamic feeling and
the spiritual side of pilgrims, because their goal is to com-
memorate the experience of Prophet Ibrahim and to share a
similar experience pilgrims must be surrounded by a natu-
ral environment and be isolated from the intrusion of the
machine.

The system should minimize fire hazard by avoiding park-
ing vehicles inside camping areas where pilgrims may pre-
pare their meals.

The system must be economic.

From the available literature (El-Hamadan, 1976), it was found

that the area needed for one pilgrim is about 3 sq.m. for living.

Moreover one meter sq. is assumed for temporary toilets, shops. etec.
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Therefore, a total area of 4 meter sq. will be allocated for each pil-

grim.

3.6 Generate Future Alternatives

In this part some parking systems will be proposed keeping the
parking system objectives in mind. Obviously, the amount of satis-
faction of the objectives may not be equal in all systems, therefore,

an evaluation is needed.

3.7 Evaluate Alternatives

The next step is to evaluate the different systems based on the
objectives mentioned above. It was decided to conduct a survey for
the evaluation of the future suggested parking systems. A question-
naire was prepared including sall important information about the
parking alternatives, was sent to specific people who were experts in
traffic engineering and/or have good experience about Hajj traffic

problems. Their response was used in selecting the best system.

3.8 Final Design and Operational Plan

After selecting the best alternative for Arafat the next step
was to prepare detailed design of the selected system and to propose

an operational plan. The detailed design will show the land distribu-
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tion of Arafat, where each category will be located, the exact dimen-

sions of the parking and camping lots of each category.

In the operational plan the following will be decided:

1) The traffic assignment of each of the major roads leading to
Arafat.

2) The direction of flow and traffic assignment of the local
streets of Arafat.

3) The numbering of all blocks, and organization of the blocks
in a systematical way to make it easy for all pilgrims to
reach their camp in short time.

4) The circulation of traffic during the morning period (when
pilgrims are entering Arafat), and during the evening
period (when pilgrims are departing out of Arafat towards
Muzdalifah).
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Chapter 4

STUDY OF PARKING DEMAND AND SUPPLY AT ARAFAT

4.1 Existing Demand

The existing demand was obtained from the general statistics of
the Ministry of Finance (it is carried out every hajj season) Year
1405 H was used as the base year. The detailed demand during this

year is shown in Table 4.1

Since there are only two types of parking, one large space
parking for buses and one small for all other types of vehicles such
as vans, mini bus, jeep, etc., total parking demand can be summa-

rized as shown in Table 4.2.

4.2 Existing Supply

The available maps were used to find the available parking area
in Arafat. Currently the used land in Arafat is approximately
10 000 000 sq.m. Of this, 942,500 sq.m. is used by the government
officials, such as traffic police, administration. etc. Within the relig-
jous boundaries of the Arafat area, 3,680,000 sq.m. more can be
developed. So the future total available land will be 13,680,000

sq.m. (Ministry of Communication 1979).

To study some characteristics of the existing situation, it was
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Table 4.1: Detailed Parking Demand at Year

1405 H.
Small Jeep Mini Bus Bus Lorry Others Total
4,803 3,417 23,795 10,647 4,883 788 48,333

Source: General Statistics, Ministry of Finance, (1407).

Table 4.2: Total Parking Demand at Year 1405H

Bus Small Total

10,647 37686 48333

Source: Table 4.1, above.
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decided to carry out a survey during Arafat's day. For this a ques-

tionnaire was designed.

In this survey all the pilgrims present in Arafat at that day
are included as units of the population. Interviewers randomly

selected some pilgrims and had interviews with them.

The questionnaire included questions about the pilgrims (his
country, whether or not he is with a muttawiff, his mode of arrival
to Arafat, vehicle occupancy in his vehicle and time of arrival), his
opinion about the parking situation and traffic and finally questions
related to distance from the parking and type of parking. A copy of
the questionnaire is shown in Appendix A. Students were employed
to carry out the interviews. The questionnaire form, the method of
selecting pilgrims and some general rules of interviewing were
explained to them before they started the interviews. The following
findings are deduced from the questionnaire:

1) It was found that 78% of the respondents are Saudis and

22% are Non-Saudis. Moreover it was found that the
majority of the respondents are without muttawiff (81.2%),
while only 18.2% are with muttawiff. Therefore, it can be
seen that the interviewers were biased towards Saudis
without muttawiffs.

2) Regarding the Saudis, the percentage of pilgrims from Taif

and Makkah environs was the highest (23.6%), while the

percentages of pilgrims from other provinces were as fol-
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lows:
Eastern Province
Riyadh and Environs
Jeddah
Madina
Northern Province
Southern Province

Others

Total

10.4%
18.9%
17.0%
8.0%
12.3%
5.2%

4.6%

100.00
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Regarding the Non-Saudis, the percentage of pilgrims from

Gulf Area was the highest (33.3%), while the percentages

of pilgrims from other countries were as follows:

Sudan and Somal

Egypt

Turkey

Algeria

Lebanon, Syria & Jordan
America and Europe
Yemen

Pakistan

Others

Total

8.3%
25.0%
10.0%

3.3%
13.3%

1.7%

3.3%

1.7%

2.3%

100.00
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7)
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Regarding the type of vehicles used by the pilgrims, it was
found that 31.7% used vans and suburbans which is the highest
ratio. Next comes the mini-buses (31.3%), and 19.2% used buses
and others 17.9%.

Although the regulations stress that no vehicle is allowed to
enter the holy area with less than 9 passengers, Table 4.3
shows that about 34.4% of the vehicles did not abide by that
rule. This shows that current enforcement checks are not suffi-

cient.

Almost 90% of pilgrims enter Arafat in the morning period of the
9th Thul-Hijja, as shown in Table 4.4. This is an important
fact from the point of causing traffic congestion on the major

roads leading to Arafat and the local streets of Arafat.

From Tables 4.5 and 4.6, it can be seen that the existing road
system leading to Arafat and the local streets inside Arafat have
enough capacity to handle the existing traffic volume since only
about 19% of pilgrims reported that they suffered from the traf-
fic congestion before entering Arafat, and about 20% suffer from

congestion after entering Arafat.

Table 4.7 shows that only about 20.6% of Pilgrims find it diffi-
cult or very difficult to find a parking space. This can be
explained by the fact that many pilgrims join mutawiffs in Arafat

and the mutawiffs know their camps in advance.

q



Table 4.3: Number of People in the Vehicle

No. of Pilgrims Frequency %
Per Vehicle
Less or equal to 8 78 34.4
9-15 85 37.4
16-25 26 11.5
26-40 6 2.6
More than 40 32 14.1
Total 100%

Table 4.4: Time Entered Arafat

Arrival Time Frequency %
Morning 9th 247 89.2
Afternoon 9th 17 6.1
Morning 8th 1 0.4
Afternoon 8th 11 4.0
Before 8th 1 0.4
Total 100.1

Note: Due to rounding of error total does
not add to 100%.



Table 4.5: Traffic
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Before Entering Arafat

Situation of Traffic Frequency %
Very Difficult 20 7.3
Difficult 32 11.2
0.K. 98 35.8
No Congestion 124 45.3

Total 100.1

Note: Due to rounding of error total does not add to 100%.

Table 4.6: Traffic After Entering Arafat

Situation of Traffic Frequency %
Very Difficult 22 7.9
Difficult 33 11.9
0.K. 99 35.7
No Congestion 123 44.4

Total 99.9 %

Note: Due to rounding of error total does not add to 100%.



Table 4.7: Difficulty of Parking
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Situation of Parking Frequency %
Very Difficult 31 10.8
Difficult 26 9.4
0.K. 67.2 24.2
Very Easy 153 55.6
Total 100%
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From Table 4.8, almost 25% of pilgrims waste half an hour or
more searching for a parking space, which is substantial.
Presently, there are no illustrated maps or sketches or signs to

lead the drivers to search for their locations easily.

Although the existing system has many disadvantages from the
safety and convenlence point of view, Table 4.9 shows that
about 83.5% of pilgrims are satisfied. This can be explained by
the fact that many pilgrims do not care about the safety point of
view. For them the most important point is that their vehicle is

parked very close to their camp.

Table 4.10 shows that almost 97% of pilgrims park their vehicles
too close to their camp. Parking vehicles too close to the camp
is recommended only if enough spacing is provided to separate
the parked vehicles from the camp area, such as a 5m side walk,
as will be explained later in the proposed future systems, but
because the existing system does not provide that safe distance,
the 97% (Table 4.10) who have parked their vehicles too close

create fire hazard and air pollution.

Table 4.11 shows that about 21% of pilgrims park their vehicles
illegally (such as inside the camp, or street double parking, or
others). The reason may be lack of proper parking system.
Although the existing parking demand is only 48,333 vehicle
than for sure the problem will be more serious at future years

(1410, 1415 H).



Table 4.8: Time Needed to Find Parking

Length of Time Frequency %
Less than 10 min 113 40.5
10-20 min 70 25.1
20-30 min 29 10.4
30-45 min 16 5.7
45 min-1 hr 21 7.5
More than 1 hr 30 10.8

Total 100%
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Table 4.9: Satisfaction with the
Existing System
Respondent Frequency %
Answer
Yes 233 83.8
No 45 16.2
Total 100%

Table 4.10: Distance from Parking

How Close is the Frequency %

Vehicle Parked

Very Near 205 97.6

Less than 250m 4 1.9

250-1000m 1 0.5
Total 100%
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Table 4.11: Type of Parking

Parking Case Frequency %
Inside Camp 7 3.2
Street Illegal 37 17.1
Street OK 172 79.3
Others _ 1 0.5
Total 100.1%

Note: Due to rounding of error total does not add to 100%.
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4.3 Future Demand

The researcher attempted to calibrate a multi-regresssion model
to forecast vthe future number of pilgrims. He tried the "Abstract
Mode" model which is originally developed by Baumal and Quandant

(see Stopher, 1975). The hypothesized model is given below:

where:

Hy o= o, B ) M%) @) s (Th)+ (CLp's @D s (TD) 7 (CD) s

Hki = number of pilgrims coming from country i by mode k.
P, = Muslim population in country i.

Mi = gverage income in country i.
Dfd = relative distance from country i to Makkah by mode k.

de = relative travel time by mode k with respect to travel time by

the quickest mode.

Cfd = relative cost by mode k with respect to the cheapest mode.
D;" = shortest distance (air distance).

T;) = shortest time of travel.

C}) = cheapest cost of travel.

= parameters that need to be calibrated using regression analy-

N

sis.
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But because that model requires a lot of reliable data which
was not available, the model did not come up with reasonable fore-
cast. The researcher investigated number of forecast studies but
none of them was more authenticated and updated than the forecast
done by Ministry of Rural Affairs (1405 H), which has been explained
in Chapter 2. Their forecast of future number of pilgrims is shown
in Table 4.12 for year 1405 till 1425 H. But by comparing their
forecast number for year 1405 H (2,049,100) with the actual number
(1,589,776), it was realized that there was some overestimation.
Therefore, it was decided to deflate all their forecast before using
them. The amount of deflation was calculated as the ratio between:

The Actual # 1405
The Forecasted # 1405

substituting, one gets:

1,589,776
= 2 =) . = O R 77
Deflation Factor 2,049 100 6

Using this factor the corrected forecasts shown in Table 4.13 were

obtained.

The ratio of parking demand to pilgrims is assumed to be con-
stant over the years. Using this ratio one can obtain the parking
demand for any future year. Multiplying this ratio with the forecast
of pilgrims at a specific future year will give the parking demand for

that year.

T



Table 4.12: Forecasts of Pilgrims

Year Overall Total Internal External

1405 2,049,100 765,500 1,283,600
1410 2,253,800 931,300 1,322,500
1514 2,596,300 1,094,500 1,501,800
1420 3,081,400 1,281,000 1,800,400
1425 3,734,000 1,570,600 2, 163., 400

Source: Ministry of Municipal and Rural Affairs (1405 H).

59



60

The next step is to separate pedestrians out of the number of
pilgrims, mentioned in Table 4.13. Ministry of Communication (1979),
showed that on the average 22% of total pilgrims go to Arafat on foot

as shown in Table 4.15.



Table 4.13: Adjusted Forecasts for Pilgrims

Year Overall Total Internal External

1410 1,748,949 722,689 1,026,260

1415 2,014,739 849,332 1,165,407

1420 2,391,166 994,056 1,397,110

1425 2,897,584 1,218,786 1,677,798
Table 4.14: Parking Demand

Year Bus Small* Total

1410 11,713 41,459 53,162

1415 13,493 47,760 61,263

1420 16,014 56,683 72,697

1425 19,406 68,688 88,094

* Small vehicle denotes any vehicle less than a bus

such as a van, a mini bus, a jeep, etc.

s |
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Table 4.15: Forecast of Pedestrian

Year Pedestrian Internal External
Pilgrims Pilgrims

1410 384,769 653,697 800,483

1415 443,243 662,479 909,017

1420 526,057 775,364 1,089,745

1425 637,468 950,653 1,309,463
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4.3.1 Calculation of Number of Pilgrims According to Their Mode of
Arrival to Arafat

In the next step the internal and external pilgrims were split
according to their mode of arrival to Arafat, which have different
impacts on parking at Arafat. As explained in Chapter 3 six catego-
ries were considered:

1) External pilgrims coming to Arafat with own buses.

2) External pilgrims coming to Arafat with own small vehicles.

3) External pilgrims coming to Arafat with Muttawiff's buses.

4) Internal pilgrims coming to Arafat with buses.

5) Internal pilgrims coming to Arafat with small vehicles.

6) Pedestrians

The following calculations for the six categories are according to
Scenario # 1, i.e. assuming that the existing regulation is still pre-
vailing (no vehicle is allqwed to enter with less than 9 pilgrims in
it).

The number of pilgrims in each category was calculated as

explained below:

1) External Pilgrims coming to Arafat with their own buses:
From the statistics obtained it was found that 18.5% of
external pilgrims come with their own vehicles. Moreover,
Hamadan's Study (1976), showed that 47.5% of them come
with buses with an average occupancy rate of 36 passengers

per bus. So using these percentages external pilgrims

T
s
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coming with their own buses were calculated as shown in

Table 4.16.

External Pilgrims Coming with Their Own Small Vehicles:

This can be calculated as explained in Step 1, above: the
18.5% are coming with their own vehicles, if 47.5% of them
are using buses, therefore 52.5% of them will be using small
vehicles. The occupancy rate is not available, but it will
be assumed to be 1/2 of a bus, i.e. 18 pilgrims per vehi-
cle. So using these percentages external pilgrims coming to

vehicles can be calculated as shown in Table 4.17.

External Pilgrims Using Muttawiff's Buses:

This type can be calculated by subtracting the number of
external pilgrims with own buses and the number of exter-
nal pilgrims with own small from the total number of exter-
nal pilgrims. The occupancy rate was found by Ministry of
Communication (1979), 94 pilgrims per bus (assuming that
two trips are made by each muttawiff's bus with an average
occupancy of 47 pilgrims/bus. Accordingly, Table 4.18
shows the number of external pilgrims coming to Arafat with

Muttawiff's buses.

Internal Pilgrims Coming to Arafat With Buses:
This category of pilgrims are coming to Arafat either by
their own buses or muttawiff's buses. The number of

buses can be calculated by subtracting the number of buses

RS



Table 4.16: External Pilgrims Coming to Arafat with Own
Buses (Occupancy Rate = 36 pilgrims/Bus)
Year Number of Pilg. # of Buses
1410 70,342 1954
1415 79,880 2219
1420 95,761 2660
1425 115,069 3197
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Table 4.17: External Pilgrims Coming to Araftat
With Own Small Vehicles
Occupancy Rate = 18 pilgrims/Vehicle

Year Number of Pilg. # of Small Vehicles
1410 77,747 4320
1415 88,288 4905
1420 105,841 5880
1425 127,182 7066

Table 4.18: External Pilgrims Coming to
Arafat With Muttawiff's Buses
Occupancy Rate = 94 pilgrims/Bus

Year Number of Pilg. # of Buses
1410 652,394 4,320
1415 740,849 7,882
1420 888,143 9,449

1425 1,067,212 11,354
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used by external pilgrims coming with own buses (from
Table 4.16) and the mumber of buses used by external pil-
grims using muttawiff's bus (from Table 4.18) from the total
number of buses (from Table 4.14). There is no exact sta-
tistics about their occupancy rate, but it was found in Min-
istry of Communication Study (1979) that they assumed two
trips each carrying 47 pilgrims, i.e. 94 occupancy rate.
Accordingly, Table 4.19 shows the number of internal pil-

grims coming to Arafat with buses.

Internal Pilgrims Using Their Own Small Vehicles:

Table 4.14 has the total number of small vehicles, Table
4.17 has the small vehicles used by external pilgrims,
therefore, the difference will be the number of wvehicles for
internal pilgrims. Table 4.15 gives the total internal pil-
grims, Table 4.19 gives the internal pilgrims using buses,
the difference would be the internal pilgrims using small
vehicles. Accordingly, Table 4.20 was obtained. It was
found that their average occupancy rate is 8 pilgrims/vehi-
cle. Note that the allowable number is 9 pilgrims/vehicle
but because some vehicles are used in transporting lug-
gage, food, etc., that the average number of pilgrims was

less than_ 9.

The above tables (4.15 - 4.20) can be summarized in Table 4.21,

below.

e
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Table 4.19: Internal Pilgrims Using Buses
Occupancy Rate = 94 pilgrims/Bus
Year Number of Pilg. # of Buses
1410 264,892 2,818
1415 318,848 3,392
1420 367.070 3,905
1425 456,370 4,855
Table 4.20: Internal Pilgrims Using Their
Own Small Vehicles
(Occupancy Rate = 8 Pilgrims/Veh.)
Year No. of Pilg. # of Vehicles
1410 298,805 37,139
1415 343,631 42,855
1420 408,294 50,803
1425 494,283 61,622

e il
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4.3.2 The Forecasts for Future Scenarios

To calculate the parking demand under Scenario 2 (minimum of

18 passengers per vehicle), the following steps were followed:

1)

2)

The total number of pilgrims and number of pedestrians are
assumed to remain the same.

The external pilgrims coming to Arafat with their own small
vehicles, since there is no exact data available, it is
assumed that 50% of them are above 18 pilgrims per vehicle
already, 50% are less. Out of the latter 50%, 25% will join
the external pilgrims using own buses, and 25% will con-
tinue using small vehicles with an occupancy rate equal to
18 pilgrims per vehicle to be consistent with this scenario.
Similarly the internal pilgrims coming with small vehicles,
50% of them are already above 18 pilgrims/vehicle, and 50%
are less. Out of the latter 50%, 25% will join the internal
pilgrims using buses, 25% will continue using small vehicles
with an occupancy rate equal to 18 pilgrims per vehicle.

Accordingly, Table 4.22 is obtained.

Scenario 3 assumes a minimum vehicle occupancy of 36 passen-

gers per vehicle, which means that only buses will be allowed to

enter Arafat. To calculate the future parking demand in this scenario

the following assumptions were made:

1)

All external pilgrims using small vehicles will be assumed to
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shift to external pilgrims buses with occupancy rate equal
to 36.

2) All internal pilgrims using small vehicles will be assumed to
shift to internal pilgrims using buses. Accordingly, the

forecasts shown in Table 4.23 are obtained.

Ve cinkad
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Chapter 5

ALTERNATIVE GENERATION

Various alternatives were generated keeping in mind the objec-
tives listed in Section 3.5. The proposed alternatives were evaluated
in terms of fulfillment of those objectives. Most of these objectives
are unquantifiable. Therefore a subjective evaluation method as
described below was used. Explanation of various alternatives which

were included in the evaluation are given below

5.1 Do Nothing Alternative

This system assumes that everything is kept as it is presently
with minor adjustment in the future. Figure 5.1 shows the existing
grid system, camping areas between the streets, and some surface

parking lots.

In the existing case, Arafat lacks a proper parking system.
The questionnaire which was carried out in Arafat as explained in
Section 4.2.2, showed that in this system many vehicles are parked
illegally. Presently, a large portion of Arafat is not efficiently and
safely utilized. Many vehicles are parked inside camping area caus-
ing air pollution and a hindrance for emergency vehicles. More

details will be provided in the subsequent chapters.
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Fig. 5.1: Do nothing alternative, the existing parking
system is composed of a street grid system
and some open surface parking .lots.
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5.2 The Proposed Systems

Three parking systems have been formulated as described
below. In developing these systems the objectives which were given
above, and the land limitations were kept in mind. As mentioned in
Section 4.3 there are five categories of pilgrims plus the pedestrians
as a sixth category. Obviously, each category has its different
needs of parking spaces and camping areas because of the differences
in occupancy rate and vehicle size. Therefore, each category will be
accommodated in a specially designed block to satisfy its needs of
both parking spaces and camping area. Different unit sizes were
examined to select the best size to avoid wastage of land so that in
any design parking spaces offered and camping area must be compati-
ble. It was concluded that the size of 235 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>