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1 | NTRODUCTI ON

As part of the investigation by the Health and Safety Executive(HSE) into the
incident at Sheffield Wdnesday Football Qub's H I sborough stadi umon 15
April 1989, M AL Collins, a Scientific Oficer, and M D Wt er house, a
Principal Scientific Oficer, of HEs Research and Laboratory Services

D vision(R.SD) calculated the maxi mumnunber of persons (the capacity) that
was appropriate for Pens 3 and 4, The cal cul ati ons were based on their
interpretation of recormendati ons contai ned within the Home O fice/ Scottish
Cfice publication"Quide to Safety at Sports Gounds" (H MStationery Ofice:
1986) .

2 ESTI NATI O THE CAPAC TI CF PE AND 4

Dr N chol son, a Deputy Director of RRSDs Safety Engi neering Laboratory (SE)
provided us with a drawi ng that he had received from Eastwood and Partners on
24 April 1989. The drawi ng was | abel | ed Eastwood and Partners, was nunber ed
8945/ 1A, had the title "Sheffield Wdnesday F. C. PLC H | | sbor ough G ound
Layout 1987" and was dated 16/4/87 with Revision A dated 21/10/87. This

drawi ng showed the capacity of one of the two central 'pens’ of the Wst
terraces of the stadiumto be 1, 200 persons and that of the other to be 1, 000
persons, i.e. the capacity of the conbi ned area was 2, 200 per sons.

The interimreport IRUMEMM891 prepared by RLSD for the Court of Inquiry
states that, "if 54 people per 10 sqg mis assuned as the al |l owabl e packi ng
density for the Wst Terrace then the capacity of Pen 3 is 1015 and Pen 4 is
1036 making a total of 2051 for the combi ned area".

However, Paragraph 221 of the 1986 edition of the Home Cffice/ Scottish Ofice
publication "Cuide to Safety at Sports Gounds" (H M Stationary (Gfice) states
"Wiere crush barriers neet the strength and spaci ng gui del i nes of Chapter 9
the capacity of a terrace or view ng slope should be assessed fromthe area
avail abl e for standing by allow ng a packing density of between 54 and 27
persons per 10 square metres dependi ng upon the condition of the terrace or

sl ope" .

V¢ knew that R.SD s cal cul ati on had been made as a prelimnary check of the
capacity assigned by Eastwood & Partners to the two central 'pens' . Ve
therefore examned two draw ngs that had been prepared for HSE by Ral ph Brade
& Associ ates, Consul ting Engi neers, Mdl and Bank Chanbers, 3 Sharrow Lane,
Sheffield. Drawing No 1340/02 Rev A, dated 3/5/89, showed a pl an vi ew of

Pens 3 and 4 on the Wst terraces and Drawing No 1340/ 03A Rev A, al so dated
3/5/89, showed a section through part of the Wst terraces. These drawi ngs are
reproduced, to a snaller scale, in Figs 1 and 2 respectively.

Qur exam nation of these draw ngs caused us concl ude that RLSD s nom nal

maxi mum capacity 2051 persons for the central 'pens' night have to be reduced
to conpensate for some departures fromthe recormendati ons of Chapter 9 of the
Quide. W therefore cal cul ated capacities for Pens 3 and 4 on the basis of the
areas behind crush barriers and perinmeter fences i n which a crowd packi ng
density of 5.4 persons/sq mwoul d be perm ssible, provided all other aspects
of the terraces conforned with the Quide's recommendati ons.



3 METHD COF CALOULATI NG THE REVI SED MW MUM CAPACI TIES CF PENS 3 AND 4

The cal cul ation of the revised maxi numcapacity of Pens 3 and 4 was based on
our interpretation of Paragraph 113, Paragraph 225, and Table 1 of the Quide.

Paragraph 113 states: "ldeally, crush barriers shoul d be provided al ong the
full width of a terrace, with gaps only at radial gangways".

Par agraph 225 states "The capacity of the terrace is cal cul ated by multiplying
the area avail abl e for standing by the appropriate packing density. The
following fol l owing formul a nay be used:

A
Capaci ty (Nunber of persons) = -Xx (27 to 54)
1

where 'A is the area available for standing in square netres.

Tabl e 1 recommends the maxi mumhori zontal distance that shoul d exi st bet ween
barriers conformng to the "greater” and the "l esser” strength requirements
when they are installed on "peak view ng areas" and on "other areas". W&
classified Pens 3 and 4 as bei ng ' peak view ng' areas because they were
behind a goal, and the barriers as conformng to the "greater strength
requirement” because this permtted greater horizontal distances.

Pens 3 and 4 did not have radi al gangways, nor did their crush barriers extend
the full width of the terraces, gaps being present along the rows. V¢
therefore cal cul ated the plan area of terrace behind each barrier (or

perineter fence) by nmultiplying the length of the barrier by a'permssible
depth' behind it. This 'permssible depth® was either the nmaxi numhorizontal

di stance between barriers that was recormended for "peak view ng" in Colum A
of Table 1 of the Guide, or the existing distance between the barrier and the
next barrier (or wall) behind it, whichever was the | east.

Brade's Drawi ng No 1340/ 03A showed the sl ope of Pens 3 and 4 to be 13 degrees

40 mnutes. The recommended nmaxi numhori zontal di stance between crush barriers
that corresponded to this slope was interpolated fromTable 1 of the Quide as

being 3.9 m Brade's Drawi ng No 1340/02 Rev A showed that the horizontal

di stance between the rows of crush barriers in Pens 3 and 4 was usually 3.5 m
i.e. the existing distance between the rows of crush barriers was usually

wi thin the recommended maxi hum val ue.

The hei ghts of the barriers were generally I ess than the values of 1.02 mto
1.12 mrecomended i n the Qui de. However, we did not discount any of the crush
barriers in our cal culations; no barrier had a height |ess than 81%of the

m ni mum r econmended val ue, and our intention was to cal cul ate a ' base'
capacity that coul d be further reduced because of other departures fromthe
Qui de' s recommendat i ons.

W multiplied each plan area behind a barrier (sq m by 5.4 persons/sq mand
truncated the product to obtain the nunber of persons appropriate to each
area. Fig 3is a pictorial representation of the nethod of cal cul ation, the
details of which are shown in Appendix 1. The total capacities of Pens 3 and 4
wer e then obt ai ned by summ ng the nunbers of persons appropriate to each area
behind a barrier. Qur cal cul ati ons showed the capacity of Pen 3 to be 822
persons and that of Pen 4 to be 871 persons, i.e. the conbi ned capacity of the
central 'pens' was 1, 693 persons.
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4 ASSESSMENT OF REM SED CAPAQ T1 ES

The white areas of Fig 3 represent those parts of the terrace where, ideally,
persons shoul d not stand, otherw se the thrust exerted on part of a crush
barrier by a crowd of 5.4 persons/sq mm ght exceed the force intended by the
Qui de.

Qur calculations did not include any reduction in capacity of the central
"pens’ to conpensate for departures fromother recomendations contained in
the Quide. Brade's drawi ngs indicated that departures fromParagraphs in the
Qui de, other than those associated with the continuity(Paragraph 113) and
spacing(Table 1) of crush barriers, existed in the central 'pens', i.e.

Paragraph 92 - "A terrace step shoul d not be |ess than 280 nmor nore than
380 mmwi de. The preferred dinension is between 355 nmand 380 nmi. Pens 3
and 4 had 33 terrace steps, of which 28(85% were slightly w der, (not nore
than 10 nm), than the maxi numrecommended wi dt h.

Paragraph 96 - "The ai mshoul d be to ensure that every spectator on the
terraces is within 12 netres of a gangway or exit so that spectators can nove
quickly on to exit routes at the end of an event or in the event of an
energency. This may be achi eved by a pattern of gangways(not |ess than

1.1 metres wide) linked to the exit systeni. There were no gangways in Pens 3
and 4 and if the perimeter gates are not considered as exits, then

approxi mately 40% of the persons in these 'pens’ were not within 12 mof an
exit.

Paragraph 110 - "In order to locate the top rail against that part of the body
nost able to tolerate pressure the heights of crush barriers should be 1.02 m
to 1.12 mabove the nosing of the step imrediately behind the barrier, with a
preferred height of |.| m". Four of the five barriers in Pen 3 and six of the
nine barriers in Pen 4 did not conformw th this recormendati on.

Paragraph 114 - - Where barriers are not continuous between radi al gangways,
the alignnent of gaps in successive rows of barriers on a terrace shoul d form
an angle of less than 60 degrees to the line of the barriers. There shoul d be
no nore than 2 consecutive gaps in any line of gaps". Two of the four 'paths
of gaps' in Pen 3 and one of the el even'paths of gaps' in Pen 4 did not
conformw th the recomrendati on on alignnent.

Paragraph 115 - " Where there are gaps in the line of crush barriers these
should be at least 1.1 mand not nore than 1.4 min w dth". Four of five gaps
in Pen 3 did not conformand nine of ten gaps in Pen 4 did not conformto a
literal interpretation of this recoomendation. A nore liberal interpretation,
relating the acceptability of the width of a gap to the resulting depth of
crond that could formbetween two rows of barriers, resulted in four of five
gaps in Pen 3 and three of six gaps in Pen 4 not conformng, as shown in the
schematic plan of Fig 4.

Paragraph 215 - "For nost naj or stadia, whether used for association footbal l
or other sports, the pitch perimeter fence will be required either to prevent
access to parts of the pitch as nmentioned above (Paragraph 214), or at |east
to di scourage attenpts by spectators to enter the playing area. Gates or other
access points (mnimum width of 1.1 m) shoul d neverthel ess be provided for use
in an emergency and, at those grounds where a perimeter track is used as part
of the exit system for the departure of spectators at the end of an event.
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Provi si on of such gates or access points is particularly inportant to allow
for access to the playing area(or track) where it is likely to be used as a
pl ace of safety in an energency. Such gates or access poi nts shoul d be
properly stewarded and clearly narked so that i nmedi ate access to the playing
area or perineter track can be ensured". The gate to Pen 3 had a cl earance
width of 0.81 mto 0.82 mand the gate to Pen 4 had a cl earance w dth of

0.77 mto 0.79 m The two gates in the perineter fence of the central 'pens'
therefore did not conformw th this recomrendati on.

[t is our opinion that it mght be advisable to reduce the 'base' capacities
of 822 persons for Pen 3 and 871 persons for Pen 4, because of these six
departures fromthe Quide's recomrendations.

5 SUWARY AND CONGLUSI

5.1 W used recomrendations contai ned within the 1986 edition of the Hone
Oficel/ Scottish Ofice publication "Quide to Safety at Sports G ounds” (the
Quide) to cal cul ate revised maxi numal | owabl e capacities for Pens 3 and 4 of
the West terraces of Sheffield Wdnesday Football dub's H I sborough stadi um
V¢ cal cul ated the nmaxi numal | owabl e capacity of Pen 3 to be 822 persons, and
that of Pen 4 to be 871 persons. It is therefore our opinion that the conbi ned
maxi num al | onabl e capacity of the two-central 'pens' should not exceed 1, 693
persons, provided that all other aspects of the terraces confornmed with the
Qui de' s recomrendat i ons.

5.2 Qur calculations showed the capacity of Pen 3 to be I ess than that of
Pen 4. Eastwood & Partners Drawi ng No 8945/ 1A dated 16/4/87 showed The
capacity of Pen 3 to be greater thanthat of Pen 4.

5.3 Qur revised maxi numal | owabl e conbi ned capacity of 1,693 persons for the
two central 'pens' was 83%of that initially calculated by RLSD, solely on the
basis of the area of Pens 3 and 4, and was 77%of that shown on Eastwood &
Partners Drawi ng No 8945/ 1A, dated 16/4/87.

5.4 CQur calculationof the revised capacities of Pens 3 and 4 did not include
any reduction that mght be needed to conpensate for sone departures fromthe
Qui de's recomrendations in these 'pens'. These departures were associ at ed

Wit h:

(i) the width of the terrace steps.

(ii1) the distance of persons from gangways or exits;
(iti) the heights of crush barriers;

(iv) the alignment of gaps in the rows of crush barriers;
(V) the width of gaps in the rows of crush barriers;
(vi) the width of the gates in the perineter fence;

It is our opinion that the revised nunber of 1,693 persons for the nmaxi num
conbi ned capacity of Pens 3 and 4 shoul d be reduced further because of these
six departures fromthe Quide' s recomrendati ons.
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APPENDI X 1

Table 1 Calcul ations of maxi numall owabl e nunber of persons in Pen 3

PEN 3

Barrier Avai |l abl e spectator area Nunber of spectators at a

nunber sq m density of 5.4 persons/sq m
Cal cul at ed Truncat ed

149 7.005 x 2.5 = 17.513 94,570 94

136 1.125 = 3.9 = 4.388 23.695 23

136 4.350 x 3.5 = 15.225 82.215 82

136A 0.330 x 3.5 = 1.155 6.237 6

136A 4.195 x 3.9 = 16.361 88.349 88

124A 5.475 x 3.5 = 19.163 103.480 103

124A 1.950 x 3.9 = 7.605 41.067 41

125 3.365 x 3.5 = 11.778 63.601 63

125 2.030 x 3.9 = 7.917 42.752 42

Fence 7.425 x 3.6 = 26.730 144,342 144

Fence 1.530 x 3.9 = 5.967 32.222 32

Fence 5.395 x 3.6 = 19.422 104.879 104

Total 827.409 822



APPENDI X' 1 (cont)

Table 2 Cal cul ations of nmaxi mum al | onabl e nunber of persons in Pen 4

PEN 4

Barrier Avai |l abl e spectator area Nunber of spectators at a

nunber sq m density of 5.4 persons/sq m
Cal cul at ed Truncat ed

150 6.040 x 2.5 = 15.100 81.540 81

144 2.425 x 3.5 = 8.488 45.835 45

137 0.095 x 2.5 - 0.238 1.285 1

137 3.825 x 3.9 = 14,918 80.557 80

137 0.540 x 3.5 = 1.890 10.206 10

138 3.645 x 3.5 = 12.758 68.893 68

132 4.340 x 3.9 = 16.926 91.400 91

132 0.155 x 1.5 = 0.233 1.258 1

125 1.610 x 2.0 = 3.220 17.388 17

125 0.240 x 3.9 = 0.936 5.054 5

127 0.885 x 2.0 = 1.770 9.558 9

127 1.425 % 3.5 = 4,988 26.935 26

128 1.565 x 3.5 = 5.478 29.581 29

128 1.855 x 3.9 = 7.235 39.069 39

128 3.460 x 3.5 = 12.110 65.394 65

126 0.245 x 1.5 = 0.368 1.987 1

126 2.000 x 3.5 = 7.000 37.800 37

126 0.025 x 1.5 = 0.038 0.205 0

Fence 1.605 x 3.6 = 5.778 31.201 31

Fence 2.270 x 2.1 = 4.767 25.742 25

Fence 2.275 x 3.6 = 8.190 44,226 44

Fence 1.430 x 3.9 = 5.577 30.116 30

Fence 6.880 x 3.6 = 24.768 133.747 133

Fence 0.185 x 3.9 = 0.722 3.899 3

Total 882.876 871





