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INT7ﬁobUCT10N:

The work plan for the Tawaf Study was divided into two broad
stages;‘ie., for Ramadan and for the Hajj seasons. The work for
Ramadan is contained in an earlier report.

This paper summarises the work of_the studies during the Hajj of

1407.

FIELD WORK:
The items such as Selection and training of Students, and the
Methodology of Data Ccllection have been discussed in the

previous report.

THE FERIODS OF DATA COLLECTION:

In Ramadan we had decided to collect data on days and nights in-
such a way so0 as to give a full distribﬁtion of the OCCUFANCY of
the Mataf. In the subsequent analysié it was found that during
the Ramadaﬁ the peak period was not as high and as long as those
likely in the Hajj. The data for other times was cornidered to be
sufficient for caleculating FLOW RATES at those DCCUPAN&IES of the

Mataf.



*

It was therefore decided that during the Hajj we would
concentrate bn the peak pericds, as (1) that was not enough in
the Ramadan, (2) It was the most critical for deciding the
maximum SPEEDS, DENSITIES AND FLOWS, and (3) the cost of surveys

were to be optimised.

Ari estimate was made as to the best times for the swveys. Thisg
is given in the attached timetable. In most cases the peéks were
collectsd (&0% of ocur data has over 100Y% of Feter Endean’s
Dccupancy of Mataf). However some peaks were missed, but

equivalent data was collected from other peaks.

- DATA ENTRY AND AMNALYSIS; Since.there was a iong delay due tn.
problems in processing the slide films during Ramadan, this time‘
our team dirsctly went to the labc;atory.‘The ﬁumber of slides

that were countable was about 1200. Thics wasiabout twice the size

of the Ramadan data.

This was extremely tedious and laberious work of counting persons

on =ach slide, calculating densities against the area of each

k3



2

slide; measuring time taken to cross the width of the slide’s

frame and to work out the speed of movement at that placesy and

then to enter the whole into the computer. The data entry and

Clearing took a long time. (The data 2ven now probably has some

mistakes!'!'). The'process therefore took much longer than an

ordinary data entry of a guestionnaire.



-,

THE RESULTS

DENBITIES:

Freliminary testing of Famadan data had shown that the dencsities
were related to the number of persons in the mataf EDCCUFRANCY .
These recsults were dervied from the model that was prepared for
the HRC by Dr. Fasha. For distribution of these densities in the

Hajj the data is being sent to him for processing.

As the distribution of densities is sensitive to the DCCUPANCY;
it was decided to measure the dencities at different levels of
OCCURAMNCY. By looking at the available materials RADIUS OF

OCCUFANCY of tawatf of 2ém, Z4m. 44m. ard the magimum 52 meters

wers chozsen.

The denszities for these were courted on the aerial photographs.
Contours indicating areas of similar densities were drawn for
each of these photographs amd are included. Thess are briefly

explained in the YIDEG COMMENMTARY., alzo attached as an appendix.
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SFEEDS:

Again, the preliminary resuits of the mathematical model had
shown that, with the available data, the speed, even at very higﬁ
densities did not show any signs of coming to a "logjam" stand-
still. And of course the present dats will contribute to the

filling out of the relationship of dencities to‘speeds.

Meanwhile the speeds ac measured by our surveys were plotted on
the aerial photograph of the masimum OCCUFANCY, {at 52 meter
radius of tawaf). 0OFf course these speeds were also for the pe-

riods of maximum OCCUFANCY.
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- DENSITY AND SFEED SURVEY; Basic tabulations ahd charts show

¥

the following: fsze charts or DISTRIEBUTION OF SFEEDS AT FEAK

HOURS

1.

-~

and DISTRIBUTION OF DENSITIES AT FEAK HOURS]:

Dersity of persons drops with distance from the Ka’bah.
Except on the Scuth side, where the density remains
remarkably high.

Speed increases with distance from the Ka“bah.

Speed drops with'increése in density; but even at very
high dersitiee of & Fersons/sq. meter, the speed appears
to be as high as 1.2 km/hour.

On the South side the speed actually decreases towards
the wall (furthecst away from Ka'bah). This ie becsuse of
the movemernt Qf pPeople against the direction of tawaf.
On the East Side {Magam Ibrahim), the speed increases
with distarce from the Ka"bah; though the distance co-
vered by the tawaf i= increassed substantially due to the
praving in that area.

Or the North Side {(Hatim) the speed increases with the
distance froem Ha’bah; &S there arz no obstacles in that

i« But az the ares is limited, the densities are hiagh

1~

bl
i0
It

and therefore the speed dose not increasse as much a= the

t and West (12 and 17).

]

two "open” sides i.e., Ea

4]




FLOW RATES

S s s s b i i, i B

From Density and Speede; the Pproduct of the two gives the Flow
Rates. As the firet twu are being mmthemat1Cn11y Processed so
their product ard -ite summation over the rarge of conditions in

the mataf will be a‘mmthcmmt¢c¢1 Quantitsy.

However, tpo aet a visuai image of the range of flow rates & plot
was made for the hidhe st DCCUFANCY of the tawaf. The contours
show the likely Flow RmtES in the Mataf for Pealk periods. It was
calculated that the Flow Rates (measured in persbnS'per meter

width per hour) were\highést or the North side around the Hatim.

There was ﬁmall ares néar the & bah with low flow rates due to
peoplebat Hair Aéwad and Multazim. QOther than that Flow rates
déclihes; though not by much,‘tpwards the edges d¥ the tawa¥.'ThE
declinevﬁas most steep on the south side Ghere the reverse flow

had reducesd the total volumes of tawaf.

On the Eastern Side {Magam Ibrahim)g; Surprisingly, the flow did
not seem to decline sharply in the ares where people were

Pravirng. The movement WaE, rather, spread over & larger ares.
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MODEL OF MOVEMENT IN THE TAWAF ;

—— . .

Dr. Hafiz Fasha prepeared a mathematical model of movement in the
Matef. Basic equatione were wqr{éd out in Jeddah, and regressions
and coefficients were worked out for one STATION in Karachi. The
shape of the curves for Density|distribution by Occupancy; and

Speed distribution by Density have been shown above.

- A data set of about 1/4 of the readings Hajj was sent to Karachi and
the model has now been dewelopeJ to predict the capacity of the
tawaf under different conditiong. The remaining data is being

sent to be pro:essed.

Mearwhile they have sent & set of regressions and projections for
inclusion in cur report. This had not arrived by 13th September 7/
20 Moharram 1408: but was =ent DL 10th September / 17th Moharram

1408,

——— e

.

B )
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COMMENTARY/SCENARIO FOR THE
DEMSITY /s SFEED / FLOW RATES

TAWAF VIDEQD

1. See sketches for the images needed for the video.

COMMENTARY

We need to know the numnber of pecple that can perform the tawaf
in one hour. Obviously this number keeps changing and depends
upcn the number of persone in the MATAF.

To establish this flow rate, that is the number of people that
Can perform the tawat in one hcdr, we carried out many survevs.,
These included; following pilgrime in the tawaf; photography from the
roof to measure densities and épeeds; and aerial photography. '

It was found that when tawaf is small in a radius of only 26 m

the overall densities were quite low. However even at these

low levels of density the pattern of crowding is quite clear. The
highest densities are nent to the Ka'bsh, and specially near Hajr
fswad. ' A -

Afs  the tawaf cize increases to s radius of 34 m =0 the overall
Crowding increaces, Highesr dencitiss of S Peresons/eg. meter first
appear. The beginning line ie¢ almost like & phveical barrier: .
with crowds building up bekind| and GRen  areas bevond. Fecople
praving at Maqgam Ibkrakim Cetupy an ares of about 8 meteres behind
it. The tawaf going through this ares ie =lowed dowr. This phenc-

i
menon shows up as a bulge inm the dencitiecs behind Magam Ibrahim.

Az the tawat reaches a radius of 44 m, the level of crowding
increases further. The derce &reas take up more space.

The effect of the EefginninglLine & &  barrier is clearly
vigible. Haowew even  at this occupancuy of  the MATAF., the
density at thes im skill véry 1ow and here people can eit
and pray withoul irng the flow of tawa+t.

POV



This was crne of the highest number of Pecple in the tawas thies
Hajji. The highest dersities &re in the direction of Hajr Aswad
accumalting behind the Beginning Line. On the Eastern side people
squesze through between M I ard the Ea'bah. Fraving and Tawaf
causes large areas of medium dencsities - 0On the other twe cides
the density traile o+ quite répidly where there are no obetacles.

To Ffind the flow rate we must look at the speed at which the
people are moving. It ig seeﬁ that the slowecst movement is neuxt
to the kKa,bah. specially at Hajr Aswad. Ac the distance from the
Ka® bah incresses, eo the speed increzees. EXcept on the eouth
side where becauses of the obstructicne at the beginning Line and
Feople going against the tawaf the speed ics &ctually less tharnat
the Kabah.

The speed multiplied by density gives usz the €1ow rates. It ig
found that the 1cw rete next to the Ka'bah is the highest spe-
cially &t Hatim. @ge one goes further away from the Fa*bah the
flow rate derreases. However the decrescse ic quite slows because
&= the density gces down the speed goes ups  thus keeping up the
flow rate.

It is caleulated that at 4.30 £m on 12 DH when crowding in the
mateaft was one of the highest| during the Hajji of 1 407:  the
numnber of people performing| the tawaf in ocne hour was about
30,000 per hour. At this reak of crowding no major problems were
reported.

What then ic likely to happen ir the mear future, say, in seven
vears® time. According to the resent trends the peak flow rats
in severn vears” time, in 1413 Hijrah, ig likely to be ceesrnua
persons per hour. However if by that time the pilgrims are gquicded

o
[
te avoid the peak hours, the madimum 10w might be down to

Our surveyes have indicated that |[the flow of tawaf is =lowerd down
specially at the "beginning lime", and at Mzgam Ibrahkim. In
addition theres iz a corsiderable movement of people against the
direction of tawaf; causing hardship and slowing down the f1ow.

5]
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Therefore, it is Projected f
tawaf . .../ /Four can be ach

carn be immediatedly undertahené

AN IMFROVEMENT OF ~-...../HGUR
TIME AT THE BEGINNING LINE
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45 METERS alay

[l

« v e AHOUR
FROM THE kg&°BAH.

AN IMFROVEMENT OF
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This IMFROVED capacity of
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AGA
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~- PEr hour ie about toghe came as
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the HRC that im the immediats

i be met by improvements within
ider these conditicne there is no
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further studies,
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to nc ne=sd for any etructural changes







far s AR ' —
38y ] '
S S Sdiitat— (3-8 ¢ ‘0 5 ¢ e e -

pl‘*

I

~

-3

. z_“. .2.:'..'.._2_'.

- »

ieg39




C e e ——— aian . _———




¥
23
-

1 4

e

!

12

Hajj

. STATION
WE ST

i
|
!
1
1

P VA U
s

[

&
STATION

- -

Lo, Tt
. e e v e ot e
= S

. ~ —
14] <

-t W fpme o

ANLAL BF VLW kR EPT

‘ .

TREY

tt
1

H

'
4
)
i
.
i

. s panorss b

- :”;f“ . ‘

1

C oy QS_;-

'
B

Bpranes | 1

!
t
'
1

ahtin poginapt
Lpmnpan
i
.ou_;w".

!
; . }.'I:-))

i
:
.
}
1

C§ s
M




c-He

]
2.

|

4e

N
N

|

. Ha

i

- I.mllo'!w. — e 'w ...

i

17

et N WS N




DATE

8 =12 ~1g52

SNy \403

—— . et st
e——————

) 10 . o b D ¢ | N
TATION ¥l wo NS NLo* slide [Time stact ffwe Finly
< 13 | 825 5 | A M
WL - — ""’ _ =
— - - - —
- X i
] -
b e L - b - .
S - —_—
2 — |
e d -
~‘Ax “
— - )
; . s ~ e
| ) j?o 2o | 405 A M
! - .
j [ —nd _-?-4- 4 55'1 |
B i !
I — i -
; !
— e : L — 4 el 1 — ——r
) T
:; ! 1
s |
: i
;
! {
. i
: ‘ [
% :
SRS AU B
i
L ' !
5 T
i 3
; iy R :‘-- !
Bl 2 e ,--’




DATE 10 = 12- 1g02 ‘

wayl V407

———— e oy +
amm——

s .
%TATMN‘ . ¥ \v\ M2 N2 E stide Time sttt [Time ;.;,;\\
[ 33 43 | w0 | A M
| - 2. \.?4- oL\t “'-43 7/
A S ] B 5:23 | £52 | P M
N AT ET A Y
” i »: 1 |34 10:09 12,9 A
| 3 3¢ | Foojds) | £ H
— o - ——
N S B e s
3 — i
B W S By e
I 5
) < : (?“? 10100 39 A+
/S — = - i
P 3 —
R e -
—_ e I
S 72 |9 nies | AN
2 "‘“"‘"‘_‘;‘2"“‘“ i 34 LIS s | P M
e 2 803 E5g |
L — R l.:- . ;;-- core] =




¢

ST

AR

ATION

[T e
; ~ - — % F‘ . S— e i ——— H et o
' i
- 1. 38 lase [ | PH
A I e 2,"" i? “f{; 3’? g vg ~_-r/
b i - $ -
S e L}s e _5),.(.5,. (064 J‘ -
— & 24 0l fpzg b
* = | = = T
{:’ i'“~ N g -;-- —-—— _....:.... —arrrmae.
- T —
- B - ‘, | "--..-§ ‘ “i _ o
BRI i 3z T ; —
| sepde 500 162 | PH
L L_ 36| o PGz | L
I v .? ?é- ; 57 ’(-7 ‘ N -
] —— S i it i ,0:3 ; . e
—G Z%’: 1 ’?1_45:_3 /1134 .
—_— A — )
[ | e 56 1808 | P
AP S T | ng_a.\_,_ 3 25 | ;4% |,/
d S ___-.__3” e Zﬂ b /U 53 | ’2 .02_ Py,
- “ N , i, _.,_:.f. o
RPN SN Ml




wayy V4o

L T S p—

e —

N? of JIJ'J(

-rlMc 512"'['

1€ £y

9. 20

l0:5 |

_._.__._J,-_A, 32 112 [2:¢9 | pH
— .5 _._|. =5 ?43 | 9:04 ro
4’ / 9: 16 | ¢:¢ -

A M

2 : .
e . E 5 L 2:18 . | p M
el B 37 26 | 4
- “*:1 - — — -
i T e — _
—_ G - -
13 — : _,,___ s ——— ._.;.__.:____
I B
i — de —_— i
: A— —
128 Jiowe lre7 | An
poee L )
-~ . P B0 1205 2.8, X xd
s 3 BTV R Aiany —
R RN AN . 2 K _?_114-5 ; ?.?, 7
4 { ] > ; <
—— L 13 9:39 | lop2 ,-
’ i ' M .
AT Ivzé’ | 730 ()39 A+
R /21 1iag 300 | PN
’ ——— — !
i J RS S, "l:.,_ *__: -t ______.—- -
’ — _J’ J Tm— ’ - -
- — e — T~




