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1 | NTRODUCTI ON

| was told by Dr C E N chol son, a Deputy Director of the Safety Engi neering
Laboratory (SEL) of the Research and Laboratory Services Division(RSD of
the Health and Safety Executive(HSE), that on the 15th of April a video
recordi ng had been made whi ch showed peopl e entering the Sheffiel d \Wdnesday
Footbal | dub's (SWCQ stadiumthrough the Leppi ngs Lane turnstiles A, B, C,
D, E, Fand G and through gate C; the turnstiles served the Wst Terrace and
Nort h-West Terrace and in this report these terraces are called the ' Vst
terraces'. It is ny understanding that the video camera had been in a fixed
posi tion and had been recording frombefore 1:00 pmuntil after 3:00 pm As
part of the HSE investigation of the incident Dr N chol son asked me to anal yse
a copy of the recording to:

i) count the total nunber of peopl e who had entered through these
turnstiles and conpare these counts with the counts registered by the
Sheffield Wdnesday' s conputeri sed systemfor recordi ng adni ssi ons.

ii) neasure the rate at which people had entered the stadi umthrough
turnstiles Ato G throughout the period of the video recording.

iii) estimate the nunber of people who had entered the stadi umthrough gate C

| was assisted by other staff of RLSD working under ny supervision and to ny
instructions. Police Constable(PQ R Watson of the Wst Mdl ands Police
liaised with me and he provided the copi es of the video recordi ngs. He gave ne
a copy of a statenment by Peter John WI ki nson of West Mercia Police TV Unit
whi ch gave details of the copy and edit procedure that had been undertaken
fromthe original video tape.

2 M DEO TAPE RECORDI NGS USED FCR ANALYSI S

Dr N chol son gave ne copi es of draw ngs whi ch had been produced by Ral ph Brade
and Associates. Drawing No 1340/05 titled ' ose Grcuit Tel evision Caneras
Location Plan' shows 'S.WF.C. CAMERA 2 GATES AG and it is ny understandi ng
that the original VHS video tape identified as 'RIH2' was produced from
signals sent by a canmera at this location and that all the video recordings
used by RLSD for analysis were copied fromthis original tape.

The Unmatic video tape recordings used for "turnstile' adm ssion anal ysis were
del i vered by PC R WAt son on 15 May 89; the individual tapes were |abelled
RIH2/E Part 1 Copy A, RIHR/H Part 2 Copy A, RIHR/H Part 3 Copy A, RIHY H Part
1 Copy A, RIR/HPart 2 Copy A, RIHR/F Part 3 Copy A. The tapes showed the
exits of turnstile booths Ato G fromapproximately 12:55 pmuntil 3:10 pmon
15 April 1989. The '/H' Tapes showed the exits of turnstiles A, B and C and
the '/H' Tapes showed the exits of turnstiles D, E, F and G The two Part I's
covered the first hour, the two Part 2s the second hour and the two Part 3s
the renai ning tine. The continuous reference ti mngs on the video tapes were
with respect to the start of each tape and not to British Sumrer Tine (BST)

but | determned the rel ationship between these times and BST using specific
events in conjunctionwth Wst Mdl ands Poli ce.

The VHS video recording used for 'gate Canalysis' was a copy identified as
DH /B and had been produced by M D Franci s, an RLSD phot ogr apher, froma

vi deo recording | abell ed RIH2, | oaned to us by PC R Watson. The copy had
continuous reference timngs which related to the start of the tape and not to



BST. The recordi ng showed the exits of turnstile booths Ato G, gate C and the
general area on the Wst Stand side of these turnstiles.

3 LOCATI ON AND DESCRI PTI ON CF TURNSTI LE BOOTHS A-G AND GATE C

Fig 1l is a schematic plan showi ng the seven turnstiles Ato Gand gate C. The
| ocation of the turnstile booths and of gate Cis shown on the Ral ph Brade and
Associ ates drawi ng No 1340/ 04A and the aperture of gate C when open is shown
as 4115 nm Gate C, when cl osed, forned part of the perineter boundary and was
adj acent to turnstile booth G and approxi mately perpendi cul ar to the row of
turnstile booths. Normally gate C was closed and it is ny understanding that
the main function of gate Cwas to let people out of the stadiumafter a

mat ch.

The turnstile booth exits consisted of seven doors, designated i n al phabeti cal
order fromA to G Wen viewed fromthe video canera | ocati on door A was on
the right and furthest away fromthe video camera. Doors A and B, Dand E, F
and Gwere in pairs and Door Cwas on its own. Wthin the booths the exit
doors aligned directly with the appropriate turnstile passage, but the
internal layout of the turnstile booths did not prevent a person passing
through the 'gate' of turnstile A and then emerging fromthe door of the booth
nmarked B(and vice versa); simlarly for the other paired turnstiles. In ny
opinion, this indirect route may have been used on a few occasi ons, for

exanpl e if there was someone standing in the way at the normal 'direct' exit
door. Thus the individual counts for the 'paired” turnstiles may be |ess
accurate than the sumof the two counts fromthe two doors of a pair.

The turnstil e mechani sns were not identical in design nor in ease of operation
and details are reported by Games and Wat er house (RLSD report IR L/ MA 89 33).

It is ny understanding that on the 15th April these 7 turnstiles served the
West terraces which had a designated capacity of 10, 100 per sons.

4 THE OQOUNTI NG METHCD
4.1 TURNSTI LES

The counting met hod used a special ly devel oped conput er program and

m cro-conput er. The vi deo recordi ng was pl ayed at normal speed and the
conputer's clock was synchronised with a reference tine on the video inage.
Wienever a person was seen to energe froma specific turnstile booth an RLSD
observer depressed a push button, closing an electrical circuit and sending an
el ectrical pul se signal to the conputer. The conputer recorded each signal
pul se and the el apsed times fromthe start of playback. Peopl e energing from
turnstiles A and B were regi stered together because the shadows on the video
recording i nage sonetines made it inpossible to differentiate between peopl e
energing fromthe exit door of turnstile A and those fromthe exit door of
turnstile B. People energing fromall other turnstiles were registered
separately.

4.2 GATE C
Dr N chol son was informed by I nspector M Layton of Wst Mdl ands Police that

gate C had been opened three tines and that the 'First (pening had occurred
at approxi mately 2:48 pmfor a duration of about 30 seconds and that the
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"Second Qpening' had occurred at approximately 2:52 pmfor a duration of about
5 mnutes 30 seconds. A'Third (pening" had occurred approxi nately one mnute
| ater when the gate was opened sufficiently to allowthe entry of people in
single file for approxinately 8 m nutes.

The position of gate C on the video image and the snal | di stance between

adj acent peopl e as they passed through gate C nade it inpracticable to discern
each person as they passed through the open gate. Therefore the nethod of
assessnent for the first two openings was to count the nunber of people
passing a reference line drawn on the video display nonitor for a recording
period of 3 seconds, and then to repeat this process at intervals throughout
the period of opening. The reference |ine was drawn so that any person who had
entered through gate C woul d cross the |ine, whilst generally being separated
from ot her people by a greater distance than when passing through the open
gate, thus naki ng each person nore di scernable. The path of each person was
viewed to ensure that people energing fromturnstiles were not counted. The
counting process was repeated several tines, by rew nding and repl ayi ng the
video tape, for each sanple, to ensure that the chance of not counting a
particul ar person was reduced to a m ni num The pl ayback speed on the vi deo
recorder was adjusted to play the recording slowy enough to optimze the
counti ng.

Four sanpl es were taken during the First Cpening and 27 sanpl es were taken
during the Second (pening; the | ongest interval between sanpl es being 15
seconds. The whol e of the Third Openi ng was anal ysed i n one conti nuous sanpl e.

5 DATA P | NG AND ULTS
5.1 TURNSTILES
5.1.1 Turnstile Total Counts

Tabl e 1 shows how many peopl e had been counted through the turnstiles at
intervals of 5 mnutes, the bottomrow of the table being the final count just
before the turnstiles were closed. Each row of the table gives the individual
total count for turnstiles Cto G, the totals for the three pairs A+B, D+E
HG and the total for all seven turnstiles.

Fig 2 shows the total nunber of people who had been counted through all seven
turnstiles at any particular time and is a graphi cal representationof the
same data as the final colum in Table 1 but every data point has been
presented, rather than just the totals at intervals of 5 ninutes.

5.1.2 Turnstile Rate Counts

Tabl e 2 shows the nunber of people counted through the turnstiles in each 5
mnute interval. Each row of the table shows the individual 5 mnute counts
for turnstiles Cto G, the 5 mnute count for the pairs AtB,D+E G and the
5 mnute count for the sumof all seven turnstiles. These counts can be
converted to rates of adm ssion, measured as 'people per turnstile per hour',
by mul tiplying by 12 and dividing by the nunber of turnstiles under

consi derati on.

The last colum of Table 3 shows the overall rates of adm ssion for all seven
turnstiles for each 5 mn period after 2: 00 pmand the average (nean) rate of
adm ssi on neasured over the 45 min period from2:05 pmto 2:50 pmwas
approxi mat el y 660 peopl e/ turnsti | e/ hour
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For the period between 2:25 pmand 2:50 pmturnstile C, a single turnstile,
achi eved a nmean rate of adm ssion of 830 peopl e/turnstil e/ hour whereas the six
other '"paired turnstiles achieved a significantly |ower rate of 630

peopl e/ turnsti | e/ hour.

A visual representation of the data for turnstiles AtB, C, D, E, Fand Gis
shown in the bar chart in Fig 3.

| anal ysed the data obtained fromthe counts fromturnstiles Ato Gin greater
detail to give a nore continuous neasure of the rate at whi ch peopl e were
entering the stadi umthrough these turnstiles. The nethod of anal ysis used a
period of tinme('wndow) of three mnutes and cal cul ated the rate of

adm ssion for the 'window fromthe nunber of adm ssions nade during its 3
mnute duration. The 'window was then noved forward by an increment of 0.5
mnutes and a newrate of adm ssion cal cul ated. This process was repeat ed
until the end of the data was reached and the resulting graph of rate of

admi ssion against tinme is shown in Fig 4. | nade anal yses usi ng ot her
durations of the 'window; a longer 'window gave a snoother curve wth some

| oss of information and a shorter one gave rapid fluctuations which tended to
mask nore general trends of change inrate of admssion. It is ny opinion that
a'wndow of 3 mnutes gave the nost representative rates of adm ssion.

5.1.3 Conparison between RLSD counts and Sheffi el d Wdnesdav Foot bal |
Qub's conputer record

The RLSD final count totals are sunmmarised in the follow ng tabl e and conpared
with the Sheffield Wednesday Footbal | dub's (SWC conputer print-out, taken
on 15 April 1989 by M R J Houl dsworth (R.SD report IR L/ MH 89/ 33).

Turnstil es RLSD SWFC D fference
Count Conput er

A+B 1930 2004 -3. 7%

C 1168 1206 -3. 3%

D+E 2130 2196 -3. 0%

A to E 5228 5406 -3.3%

HG 2019 1632 +23.7%

Tot al 7247 7038

Dr Nicholsoninformed ne that the turnstiles were open for a period before the
start of the video recordings. I n ny opinion this accounts for RRSD s count of
the adni ssions through turnstiles A to E being approxi mately 3.3%I! ess than
the adm ssi ons shown on the print-out taken fromthe SWC s conputeri sed
systemon 15 April. | have therefore concluded that SWC s count for the total
nunber of adm ssions through turnstiles Ato Eis likely to be correct.

5.1.4 Count for turnstiles HG and error _in SWC count for turnstile G

The SWFC count for turnstile F was 1049, 2%l ess than the RLSD count of
1071 (Table 1) but this may be attributable to some peopl e passing through
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turnstile Gbut emerging fromExit Door F; in ny opinionthe SWC count is
probably accurate for this turnstile.

RLSD s count for turnstiles FHG was 23. 7%hi gher than that obtained from
SWC s conputerised recording system R.SD report IRL/ ME89/33 concluded that
there was likely to be persistent under-recording fromturnstile Gand it is
ny opi nion that under-recording on turnstile Gis probably the sol e cause of
the discrepancy. | have assumed that the RLSD count of 2,019 is less than the
true count by the same percentage(3.3% for turnstiles HG as for turnstiles
A to E, and have estinmated that 2,088 is the true total for turnstiles FG

M/ estinmate of 2,088 for turnstiles FHG can therefore be divided into a count
of 1,049 for turnstile F(the SWC count) and the renai nder of 1,039 for
turnstile G The SWFC count of 583 fromturnstile Gis therefore 56% of ny
estimated correct nunber of adm ssions through this turnstile.

5.1.5 Estimate of total nunber of peoplethroughurnstiles Ato G

It is ny opinion that the best estimate for the final total of people admtted
through all seven turnstiles is given by adding the SWC total for turnstiles
Ato Eof 5,406to ny estinmate of 2,088 for turnstiles F+G giving an overal |l
total of 7,494 admssions for turnstiles Ato G In ny opinion, based on the
tests reported by Games and Wt erhouse (RLSD report IRLUME89/33), it is nost
unlikely that the true total exceeded this value by nore than 2%ie a maxi mnum
of 7,644 for the nunber of peopl e who passed through the seven turnstil es.

M/ estinated total of 7,494 adm ssions through turnstiles Ato Gfromthe tine
that they were opened is 247 greater than the RLSD count. It is ny opinion
that this is attributable to people entering the stadiumbefore the start of
the vi deo recording.

5.1.6 Estimate of tinme at which 10.100 peoplewul d have entered
through turnstiles Ato G

RLSD s count at 2:50 pmwas 5, 868 but an estinated 247 peopl e had entered the
stadi umbefore the start of the video recording. Therefore at 2:50 pmthe
estimated nunber of people who had entered through turnstiles Ato G was

6, 115. Based on a capacity of 10, 100for the Wst terraces there were still
3,985 peopl e yet to enter the stadiumfor these terraces. The aver age (mean)
rate of adm ssion, neasured over a 45 mn period, was 660 peopl e/turnstile/
hour. If this rate had been naintained | have estimated that it woul d have
taken until approximately 3:40 pmto admt the remaining 3, 985 peopl e.

Prior to the ' Second Q(pening' of gate C at approxi mately 2:52 pmthe hi ghest
rate of adm ssion, neasured over a period of 5 minutes, for the seven
turnstiles was 702 peopl e/turnstile/hour (Table 3 Col 5. |If this rate had
been constantly maintained it woul d have taken about 123 mnutes to adnmt

10, 100 peopl e. For all these people to have entered the stadi umbefore 3:00 pm
the first entrants woul d have needed to enter before 1:00 pmand continued to
enter at this maxi numrate.

Prior to the 'Second (pening' of gate C the greatest nunber of adm ssions
during a period of 5 mnutes through turnstile C, a single turnstile, was 76
peopl e, and for any pair of turnstiles it was 141 people(Table 2. On the
basi s of these values| have cal cul ated a theoretical naxi mum conposite

adm ssion for all seven turnstiles(single Cand pairs A+tB, DtE, G for a 5
m n peri od:



i.e. 76 t(3 x 141) = 499 people through 7 turnstiles in 5 mnutes, which
represents 855 people/turnstile/hour. If this rate had been constantly

mai ntai ned it woul d have taken about 101 minutes to admt 10, 100 peopl e. For
all these people to have entered the stadiumbefore 3:00 pmthe first entrants
woul d have needed to enter before 1:20 pm and have continued to enter at this
theoreti cal nmaxi numconposite rate of adm ssion

5.1.7 Turnstile C - Interval s Between Successive Entrants

Turnstile Cwas the only turnstile where the peopl e necessarily energed from

one door. Therefore the data fromthis turnstile was further anal ysed to give
the time interval s between the emergence of successive peopl e. The data whi ch
was anal ysed consi sted of the tines of energence, rounded to the nearest whol e
nunber of seconds, for each person

The adm ssions after 2: 00 pmwere divided into successive groups of 10 m nutes
duration and the data in each group anal ysed to give the nunber of peopl e that
had ernergence tines of O second, 1 second, 2 seconds, 3 seconds, etc after the
previ ous person.

There is an anonoly which gives a snall nunber of times for a O second
interval . The reason for this anonoly is because of the procedure which
rounded the actual times to the nearest integer times; for exanple if a person
energed with an actual tinme of 97.51 seconds and the next person 0. 98 seconds
later with an actual time of 98.49 seconds, both of these people woul d

regi ster as 98 seconds and the interval woul d be cal culated as 0 second. A '0
second' interval is therefore occasionally, but not necessarily, recorded for
a person who energed fromthe door within 1 second of the previous person
These rounding errors were not curmul ative and do not affect the average (nean)
tinme of passage.

Tabl e 4 shows the nunber of peopl e having the sane tine interval of passage
through turnstile C and its contents are presented as the bar charts of Fig 5
whi ch show the frequency distribution of the various tines; tinmes exceeding 10
seconds are not shown. Both Table 4 and Fig 5 show that the average (nean)

tinme taken to pass through turnstile C was al ways greater than the nost
frequently occurring tine of passage.

5.2 ATE C
5.2.1 Eirst (pening

| assumed that the rate at which peopl e entered through gate C changed
l'inearly between successive sanpling periods. The counts made during each of
the 3 second sanpl e periods were therefore used to cal cul ate an esti mated
nunber of entries between each sanpl e period. The total nunber of entries
through gate C was obtai ned fromthe sumof these estinmates, added to the
counts nade during the sanpling periods. The total nunber estimate was 130 but
inny opinion this estinate shoul d be regarded as a m ni numbecause of the

l'i kel i hood that sone people were obscured by others. M/ best estimate woul d
be that about 150 people entered during the 'First Qpening' of gate C and in
ny opi nion the actual nunber was unlikely to have been greater than 180.

5.2.2 Second Openi ng

There was an initial surge of people during which a sanpl e was taken and the
measured rate for this sanpl e was 10 peopl e/ second; the flow soon becane
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relatively steady and the rates of admi ssion for many of the sanples during the
renmai nder of the period were about 6 peopl e/ second. Drawi ng No 1340/ 04A showed
Gate Cto be 4115 mmwi de and by assum ng a shoul der wi dth of 550 mm |
calculated that it would allow 7 people to pass abreast when it was fully
opened. The measured rate of 6 peopl e/ second therefore corresponds
approximately to a rate of 1 person per shoul der wi dth per second.

A sinilar method of analysis was used to that for the 'First (pening' and Fig
6 shows a graph of the nunber of people who entered through gate C during the
" Second Qpening' ; the asterisks on the graph denote the individual sanple

poi nts. The total nunber estinate was 1800 but in ny opinion this estimate
shoul d be regarded as a m ni numbecause of the likelihood that some peopl e
wer e obscured by others. M/ best estimate, based on the assunption that 1
person in 10 nay not have been counted, woul d be about 2000 and i n ny opi ni on
the actual nunber was unlikely to have been greater than 2200.

5.2.3 Third Openi ng

Entries during the 'Third pening were at a rmuch lower rate than in the other
two openi ngs and a conti nuous count was nmade over a period of about 8 minutes.
A total of 90 people were counted and in ny opinion the actual nunber is

unli kely to have been greater than 100.

6 SUWARY CF RESUTS
6.1 TURNSTILE COUNTS, ESTI MATES, TOTALS AND RATE OG- ADM SSI ON

The '5 mnute totals' and rates for turnstiles Ato G are summari sed i n Tabl e
3.

The third colum in Table 3 was obtained fromny assunption that the

di screpancy of 247 between the RLSD total and final estinated total was due to
peopl e entering the stadiumbefore the start of the video recording. This
nunber has therefore been added to all the internediate R.SD counts to give an
estimated count for the intermedi ate times.

The total entries shown in the fourth col umm were obtai ned by addi ng, at
appropriate times, adm ssions through turnstiles Ato Gfromthe third col um
to ny best estimates of the nunber of entries nmade through gate C.



6.2 COUNTS AND ESTI MATES FOR THE THREE CPEN NGS OF GATE C AND THE FI NAL TOTALS

The estimates for gate C and estimated totals for the turnstiles are
sunmari sed bel ow

RLSD Count "Best' Estimate Maxi mum Esti nat e
Fi rst Qoeni ng 130 150 180
Second (peni ng 1800 2000 2200
Thi rd Qopeni ng 90 90 100
Total gate C 2020 2240 2480
Turnstiles 7247 7494 7644
Tot al 9267 9734 10124

6.3 SWC COWUTER COUNTS FCR TURNSTI LE A TO G
6.3.1 Turnstiles Ato E

The RLSD counts for these turnstiles would indicate that the SWC counts for
turnstiles Ato Ewere accurate and in ny opinion SW#C s record of the
adm ssions through these turnstiles would not be in error by nore than 2%

6.3.2 Turnstile G

The SWFC count for turnstile Gwas |ow and estimates in this report indicate
that the SWFC conputer only registered about 56% of the correct nunber of
adm ssions through this turnstile. Evidence of the turnstile swtch

mal functioning is reported by Ganes and Vit er house (RLSD report IR L/ M 89/ 33)
and this would account for errors in the total registered by the SWC

conput er .

7 DLSASS ON
7.1 RATE CF ADM SSI ON THROUGH TURNSTI LES A TO G

| consider it reasonable to suppose that, in the absence of crowd forces, the
rate at which people entered the stadiumwould rise until there were queues at
all the turnstiles. | would then have expected the rate of adm ssion to remain
fairly constant, possibly rising slightly as the match start time approached.

Fig 4 shows that fromabout 2:05 pmthe rate was fairly constant until
2:25 pm which in ny opinion suggests that all turnstiles had queues and
peopl e were not having undue difficulty in entering the turnstiles.

After about 2:25 pmturnstile C generally has the highest rate of adm ssion
and it is noticeable fromTable 2 that the paired turnstiles were performng
less well. In particular turnstiles FHG recorded a count of only 86 between
2:45 pmand 2:50 pmand turnstiles D+tE a count of 77 between 2:40 pm and
2:45 pm equival ent to 516 and 462 peopl e/turnstil e/ hour respectively. The
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rate at which people were entering decreased at about 2:35 pmand in ny
opinion a likely cause was crowd forces acting on the people entering the
turnstiles. Even so the | owest overall rate of adm ssion for all seven
turnstiles for a 5 mnute period of 610 peopl e/turnstile/hour and the
correspondi ng hi ghest overall rate of adm ssion of 702 persons/turnstil e/ hour
were both wi thin 8%of the average rate of 660 people/turnstile/hour that was
achi eved for the period between 2:05 pmand 2:50 pm

The theoretical nmaxi numconposite rate of adm ssion was 855 peopl e/turnstil e/
hour and in ny opinion this theoretical naxi nummay have been achievabl e for
these turnstil es operating under ideal conditions, for exanple with no crowd
pressure acting on people entering the turnstile booths and wi th each person
having their ticket ready. I n ny opinion the maxi numneasured rate of 702
peopl e/ turnstil e/ hour, achieved over a period of 5 m nutes, woul d have been
mai ntai ned after 2:35 pmif there had been no crowd forces acting on peopl e
entering the turnstiles.

7.2 GATE ¢ CPEN NG5

| calculated that an estimated 2000 peopl e entered the stadiumduring the
" Second Qpening', during which significant checking of tickets was not
apparent fromthe video recording. The rate of admission of the turnstiles
i ncreased narkedly at about the time of the ' Second pening of gate C. In
ny opi nion this increase may have been due to two possi bl e causes:

a the turnstile operators nay not have been checking tickets to the sane
extent as they were before the ' Second (pening' .

b) the ' Second pening' resulted i n decreased crowd forces thus allow ng
people to enter the turnstiles nore easily.

It is ny opinion that the nunber of people who can pass through a given sized
opening ina giventime will tend to be self-limting. If a person noves nore
qui ckly then nore cl earance between successi ve people will be required. |f
peopl e shuffl e through al most touchi ng each other their speed will be limted
because of |ack of freedomof novenment. For exanple if people wal k at a speed
of 2 misec (4.5 nph) and a spacing of 1.5 m (5 ft) then 80 peopl e per shoul der
wi dth woul d pass a given point in1 mn; if the speed was 1 nisec (2.2 nph)
and the spacing was 0.75 m (2.5 ft) the nunber of peopl e passing the point in
1 mn woul d be the sane.

7.3 TIMES TAKEN TO PASS THROUGH TURNSTI LE C

Fig 5 and Tabl e 4 show that between 2:00 pmand 2:10 pmthe nost frequent tine
of passage was 5 sec. The tine then dimnished to 3 sec for the

intervals of 2:30 pmto 2:40 pmand 2:40 pmto 2:50 pm w th an approxi nately
equal nunbers of adnissions taking 2 sec and 4 sec; however the nean tines

for these intervals were 4.3 sec and 4.4 sec respectively, correspondi ng to
828 peopl e/ hour and 822 peopl e/ hour. This shows that the asymmetric
distributionof tinmes, caused by a significant nunber of peopl e taking | onger
than 5 seconds, gives a nean time that is about 50% greater than the nost
frequent tine for this interval

The rel evance of the difference between the nean tine and the nost frequent

time is that the capacity of a turnstile cannot be cal cul ated on the
assunption that each person will take the same tinme of passage.

-9.



8 QONCALUSI ONS

8.1 My best estinate of the nunber of people admtted through turnstiles A to
Gis 7,494 and through gate Cis 2,240,i.e. a total of 9,734. It is ny opinion
that the true total is nost unlikely to have exceeded 10, 124, i.e. the total
adm ssi ons were approxi mately equal to the designated capacity of 10, 100

peopl e for the Wst terraces.

8.2 RLSD neasured the average(nean) rate of admi ssion through turnstiles A to
G as 660 peopl e/turnstile/hour for the 45 m n period between 2:05 pm and
2: 50 pm

8.3 On the basis of RRSD s neasured average rate of adm ssion of 660

peopl e/turnstil e/ hour through turnstiles Ato G, and the nunber of peopl e who
had al ready been admtted through these turnstiles at 2:50 pm | have
estimated that if gate C had not been opened it woul d have taken until about
3:40 pmto admt a total of 10, 100 peopl e through these turnstiles.

8.4 Using RLSD s neasured maxi numrate of adm ssion of 702

peopl e/ turnstil e/ hour through turnstiles Ato G| calcul ated that peopl e woul d
need to have been continuously entering through these turnstiles at this rate
before 1: 00 pmto enable 10, 100 peopl e to enter the Wst terraces before

3: 00 pm

8.5 The rate of adm ssion into the stadi umincreased markedly at about 1:45 pm
ri sing fromabout 300 to about 550 people/turnstile/hour. The 5 mnute rate
for all seven turnstiles peaked at 702 peopl e/turnstile/hour for the period
2:30 pmto 2:35 pmand remai ned wi thi n about 8% of the average (nean) rate of
660 peopl e/turnstilel/ hour between 2:05 pmuntil 2:50 pm There was a fall in
the rate at about 2:35 pmw th no recovery until about the time of the ' Second
Qpening' of gate C when the rate of adm ssion increased narkedly. At this
stage the turnstile operators may not have been checking tickets to the sanme
extent and crowd pressure outside the turnstiles nmay have decreased.

8.6 The distribution of the times of passage through turnstile C, a single
turnstile, was asymmetric and the nean tinme of passage was al ways significantly
greater than the nost frequent time. Between 2:30 pmand 2: 50 pmthe nost
frequently occurring tine of passage was 3 sec but the nean tine of passage
was 4. 4 seconds.

8.7 Turnstile C, a single turnstile, achieved a significantly higher rate of
adm ssi on of 830 peopl e/turnstile/hour during the period between 2: 30 pm and
2: 50 pmin conparison with 630 people/turnstil e/ hour for the other six
turnstiles which were in pairs.

8.8 Sheffield Wdnesday Footbal | Qub's conputerised systemfor recording
adm ssions to the stadi umregi stered only approxi mately 56% of the peopl e who
entered through turnstile G There is no evidence fromthe RLSD counti ng t hat
any of the total counts fromturnstiles Ato F were registered incorrectly.

-10-



Table 1

TOTAL NUMBER CF PECPLE GOUNTED THRCUGH TURNSTI LES A to G AT DI FFERENT Tl MES

TURNSTI LE

TI ME A+B C D E F G D+E F+G TOTAL

pm
1. 00 3 10 5 7 9 8 12 17 42
1. 05 19 21 24 23 16 21 47 37 124
1:10 40 41 39 43 28 40 82 68 231
115 64 54 56 59 35 44 115 79 312
. 20 84 74 76 80 47 53 156 100 414
. 25 114 92 98 94 56 60 192 116 514
30 146 114 131 111 74 85 242 159 661
35 178 149 151 113 93 102 264 195 786
- 40 216 176 185 131 125 124 316 249 957

45 271 199 217 165 150 141 382 291 1143
50 363 241 278 211 189 182 489 371 1464
155 448 280 336 270 229 214 606 443 1777
:00 535 341 390 312 281 262 702 543 2121
05 603 399 439 348 331 303 787 634 2423
| O 690 447 494 399 398 377 893 775 2805
784 490 546 448 463 444 994 907 3175
20 883 537 611 496 532 509 1107 1041 3568
25 989 587 676 548 589 559 1224 1148 3948
:30 1097 658 736 603 634 618 1339 1252 4346
135 1206 730 7590 663 691 676 1453 1367 4756
40 1309 796 847 709 758 720 1556 1478 5139
145 1415 857 892 741 820 770 1633 1590 5495
:50 1522 933 946 791 873 803 1737 1676 5868
55 1649 1000 1015 832 932 840 1847 1772 6268
QO 1790 1096 1098 902 1005 904 2000 1909 6795
:05 1911 1160 1163 951 1066 940 2114 2006 7191
O 1930 1168 1170 960 1071 948 2130 2019 7247

WWWNNNNNNNNNNNNNNRrRRRRRRRRE
|_\
(&)

Ref SELI [300,5]hdtabl.tab



Table 2

NUMBER OF PEOPLE COUNTED THROUGH TURNSTI LES IN EACH 5 M NUTE | NTERVAL

WWRNRNRORONNRODROONNONEREHEFRRERREP SN

Ref

TI ME

pm

155 -
:00 -
:05 -
:10 -
:15 -
:20 -
125 -
:30 -
:35 -
140 -
45 -
:50 -
:55 -
:00 -
:05 -
:10 -
:15 -
:20 -
125 -
:30 -
135 -
140 -
t45 -
:50 -
:55 -
:00 -
:05 -

SELI

WWWRRNRONRRNRORNNDRNNN R PP

[ 300, 5] hdt ab2. t ab

:00
:05
110
:15
:20
125
130
135
140
145
:50
155
: 00
:05
110
115
120
125
130
135
140
145
:50
155
: 00
:05
110

A+B

3
16
21
24
20
30
32
32
38
55
92
85
87
68
87
94
99
106
108
109
103
106
107
127
141
121

19

10
11
20
13
20
18
22
35
27
23
42
39
61
58
48
43
47
50
71
72
66
61
76
67
96
64

8

TURNSTI LE
D E
5 7
19 16
15 20
17 16
20 21
22 14
33 17
20 2
34 18
32 34
61 46
58 59
54 42
49 36
55 51
52 49
65 48
65 52
60 55
54 60
57 46
45 32
54 50
69 41
83 70
65 49
7 9

9

12

12

18
19
32
25
39
40
52
50
67
65
69
37
45
57
67
62
53
59
73
61

5

8
13
19

25
17
22
17
41
32
48
41
74
67
65
50
59
58
44
50
33
37
64
36

8

D+E

12
35
35
33
41
36
50
22
52
66
107
117
96
85
106
101
113
117
115
114
103
77
104
110
153
114
16

F+G

17
20
31
11
21
16
43
36
54
42
80
72
100
91
141
132
134
107
104
115
111
112
86
96
137
97
13

TOTAL

42

82
107

81
102
100
147
125
171
186
321
313
344
302
382
370
393
380
398
410
383
356
373
400
527
396

56



Table 3

SUMMARY TABLE

Ti me Tot al Tot al Tot al Rate for 5 minutes
Turnstile Turnstile Turnstile in people per
Count Estimate + Gate C turnstile per hour
Estimate
2.00 pm 2121 2368 2368
517
2.05 2423 2670 2670
654
2.10 2805 3052 3052
634
2.15 3175 3422 3422
673
2.20 3568 3815 3815
651
2.25 3948 3948 3948
682
2.30 4346 4593 4593
702
2.35 4756 5003 5003
656
2.40 5139 5139 5139
610
2.45 5495 5742 5742
639
2.50 5868 6115 6265
685
2.55 6268 6515 7665
903
3.00 6795 7042 9202
678
3.05 7191 7438 9658
96
3.10 7247 7494 9734

Ref SELI [300, 5] hdtab3.tab



Tabl e 4

NUMBER OF PECPLE HAVI NG THE SAME | NTERVAL OF PASSAGE THROUGH TURNSTI LE C

1:50- 2.0

2200- 2110
2:10- 2:20
2:20- 2:30
2:30 - 2:40
2:40 - 2:50

2:50- 3:00

NB Fig4is a visual

Ref SELI

o O O

1

1
0
2
4

1

12
29

2

3

11 13

7
4
20
26
23
47

16
10
19
39
29
30

4
15
20
17
21
25
21
19

5
19
23
20
12
17
14

7

6
9
12
10
16
8
9
5

[ NTERVAL | N SECONDS

7
5

w o1 w o0 N

10

Mean
>10 Tine
15 6.0
10 5.7
14 6.7

9 5.0
6 4.3
5 4.4
11 3.7

presentation of the data in this table

[ 3005I hdt ab4.t ab

Tot al
Count

100
106

90
121
138
137
163
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