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1.1 Following an incident on 15 April 1989, I visited Sheffield Wednesday 
Football Clubls (SWFC) Hillsborough Stadium on 16 A p r i l  1989 a t  the 
request of M r  M S Nattrass, Area D i r e c t o r  of Scuth Yorkshire and 
Mrmberside Factory and Agriculturdl. I rspctorate  of the H e a l t h  and Safety 
Executive (m). !%bequently I was appointed to head the HSE team 
investigating the incident follawing correspond- between the Court of 
I r a su i ryand theDepu tyDi r ec to rGene ra l~ f the I ISE~mJDG- .  

1.2 T h i s  report Carrtains details of examinations performed on site and in the 
laboratory. The work was carried out by me and by ather staff  of HSE 
working on my instructions and under my general supervision. 

2 SURVEY OF ENS 3 AND 4 

2.1 Using the drawings prepared by Ralph Brade t Associates, 1340/02 and 03, 
and ccanparing with figures stated in the Guide to Safety a t  Sports Grounds 
1986, the following asesments  w e r e  mde. 

2.2 T h e  heights of crush barriers should be 1.02m to 1.m w i t h  a preferred 
height of l . l m .  In Pen 3 four out of five barriers do not conform. In 
Pen 4 six out of nine barriers do not conform. 

2.3 The alignment of gaps in su-ive ruws of barriers on a terrace should 
form an angle of less than 60" to the barriers. Of the four 'paths of 
gapsf in Pen 3, bm do not conform. Of the eleven 'paths of gaps1 in Pen 
4, one does not conform. 

2.4 G a p s  in the line of crush barriers should be a t  least l . l m  and not more 
than 1.4m in width. In Pen 3, four out of five gaps do not conform. In 
Pm 4, nine out of ten gaps do not conform. 

2.5 For a terrace slope of approximately 14" the interpolated maximum 
horizontal distam=e between barriers is 3.91~. In Pen 3 only one spacing 
does not conform. In Pen 4 only ba spacings do not conform. 

2.6 Gates or ather access points should have a minimum width of l.lm. The 
gate to Pen 3 has a clearance width of 0.81 to 0.82m and the g a t e  to Pen 4 
has a clearance width of 0.77 to 0.7!3m. Bath therefore do not conform. 

2.7 The aim is for every spectator on the terraces to be w i t h i n  of a 
gangway or exit. I f  the perimeter gaps are not considered as exits then 
a~~~roximately 40% of the spectators in Pens 3 ard 4 w i l l  not be w i t h i n  
12 metres of an exit. 

3.1 Barrier 124A was examined by HSE staff  a t  Hillsborough Football Gmuml on 
17 April 1989. Variaus parts of this barrier and 3 core samples of 
concrete were taken to the Sheffield Laboratory on 24 April 1989 for 
detailed assessment. 

3.2 It w a s  deduced that barrier 124A had consisted of a continuous horizontal 
tube, mde from wrought iron, and four vertical supports each made frum 
twu lengths of steel angle section joined a t  the top by a steel gusset 



plate. Five of the eight support feet  %+em reinforad by additional angle 
sections which to be l e t  into the concrete terrace steps. TWO of 
the rear -rt legs were braced by further angle sections. A 
reconstruction is shown in Figure 1. The barrier had failed a m t l y  by 
partial collapse and fracture of sqp)rts 3 and 4, and by fracture of the 
horizontal tube a t  -rts 2, 3 and 4, as shuwn in Figure 2. The portion 
of t h e t u b e w h i c h h a d b e e n l o c a t e d b e ~ ~ r t s 2 a n d 3 h a d b e e n b e n t  
uniformly to give a maximum pemamnt deflection of 133m a t  midspan. ?he 
portion of the tube which had been located between supprts 3 and 4 had 
been bent uniformly to give a maxirmrm pemwent deflection of 200rmn a t  
midspan. Barrier 124.. w a s  e s t h t e d  to be approximately 60 years old, 
although it had received a rnrmber of d f i c a t i o n s  during its l i f e t h e .  

3.3  T h e  tensile strength of the wt iron tube m a t e r i a l  was measured a t  
365MPa (23.6 tonf/in2) with an estimated elastic limit of 150MPa 
(9.7 -/in2) . Ihe tensile strength of the mild2steel angle used for 
the wrts was v a t  36- (23.3 -/in ) w i t h  a yield stress 
of 288MPa (18.6 tonf/m ) . 

3.4 The tube fractures had occxlrred in areas which had been located urder the 
metal strap designed to retain the tube. A t  these locations the tubes 
had not been painted, and the tube wall thickneses, nominally 4.5m, had 
been reduced significantly by corrosion. A t  the fracture surface 
c o r r e s p o ~  to supprt 2 the residual thiclcness of the tube w a l l  was 
f a n d  to vary f m  0.4m to 4.4m araund the cimmierence. Similarly a t  
the fracture surface correspodbq to mrt 3 the wall thicbess w a s  in  
the range 1.6m to 4.5m. A t  -rt 4, haever, there w a s  evidence that 
the tube w a l l  had been perforated by c o r n i o n  a t  twu locations producing 
holes which would have been approximately lOnun and 2- in diameter before 
the collapse. Elsewhere, aruund the fracture c o r m q o d h g  to mrt 4, 
the w a l l  thickness w a s  in the range 1.m to 4.5mm. 

3.5 In genesal the appamme of the tube fractures was typical of wrcught 
iron which had f rac turd  in  a single-stage bending/tensile mode. Fracture 
of the tube adjacent t o  wrt 3 al?peared to have initiated on the uphill 
side of the barrier a t  a position appmxbmtely 90" f m  top dead centre. 
The other tube frachres  had suffered scane pc&-failure damage and the 
origins were not readily identifiable. 

3.6 ?he failed supports had been corroded, partiailarly a t  the junction with 
the concrete steps W o r  reinforcement angles. In these regions residual 
thicknesses in  the range 3.- - 5.9m w e r e  ccanpared w i t h  a 
ncaninal thickness of 6.3mm. 

Large amunts of metal had been lost by cormsion f m  wrts 3 and 4 
near, what would have been, the original junctions behem the m r t  
feet and the terrace. I n  one case (rear leg sqport 4) a ligament of 
m e t a l  8rmn wide was al l  that  remained of the original angle section (50 X 
5Cmun). On two of the f a r  feet  this region had been reinfora4 by the 
addition of a length of metal angle which had been bolted on tap of the 
original angle fm w h i c h  the sqp)rt had been made. The height of the 
concrete terrace had been raised a t  sowe stage and this had concealed the 
previous cormxion damage. The of the concrete cores, 
extracted f m  near the support feet, was consistent with this 
absenration. 

3.8 Calculations to establish the force required to cause the collapse of 
barrier 1244, and the collapse sequence are anmmtly urderway . 
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3.9 Ckle of the remaining barriers in the Cerrtral Pen w i l l  be tested to 
destsuction in the near future in order to val idate the calculations. 

4 JlWESITGATION OF TURNSTILES AT T I E  LEPPINGS LANE END 

On 25 A p r i l  1989 HSE staff made tests on turnst i les  a t  the Iqpings Lane 
end of the stadium to investigate h m  the application of a force to a 
\gatef affected the release of a turnstile. On 28 April 1989 tests were 
mde to assess the accuracy of the capterised system for counting and 
recording the admissions through the turnstiles. Calculations w e r e  nade 
to the average admission reqhm=nts of turnstiles serving the 
designated zones of the stadium. Counts of ~ l e  passing thrmgh the 
tumstiles A to G were made frm video recordings. 

Turnstiles C to G apparel to be of the same pattern, whilst turnstiles A 
and B w e r e  of a different pattern. In the tests a h a m  force measured by 
a load cell w a s  applied to the \gatet of the turnstile. Standard test 
weights w e r e  then placed gently on the pdal until the spindle w a s  
released. The tests that turnstiles C to G were likely to be more 
difficult  to release than turnstiles A and B. 

A turnstile operator hav- a weight of 750 N (12 stone) or less might 
have difficulty in releasing tumstiles in the group C to G i f  a force of 
480 N (110 lbf) or more was applied to the \gatesf. The same w t o r  
might have difficulty in releasing turnstiles A and B i f  a force of 1340 N 
(300 lbf) or m- w a s  applied to the \gatest. 

Turnstiles w e r e  checked by rotating the \gatef a )awwn mmbe.r of t imes and 
then recom the count measured in the control ram. Tests of 
turnstiles in the grcup 9 to 16 indicated that they recorded the correct 
rnmrber of admissions. 

Tests indicated that turnsti les A, B, C, D, E and F were likely to record 
the correct number of admissions. In  my opinion kunstiles A to F, as a 
group, would indicate the correct mmbe.r of admissions to w i t h i n  1%. 

Tests indicated that there could be a persistent error in the recorded 
rnrmber of admissions through turnstile G. It is my opinion that this 
turnstile might continuously register less than the correct nunher of 
admissions during a period of operation. It was  concluded that the error 
was probably attributable to the roller of the roller-plunger micro-switch 
f i t ted to this m i l e  only just lMking contact with the u p e r  boss of 
each \gatef. 

Pdditional detectors w e r e  installed across each turnstile passageway a t  
positions above the gates. Examhation of these devices indicated that 
same appeamd to be and i n  same cases the wiring had been 
cut. 

AVERAC;E ACMISSIONS REQUIRED FRm W mm= 

gY reference to Eastwood & Partners Drawing No 8945/lA dated 16/4/87 
figures w e r e  obtained for their estixrates of the capacity of the various 



zones of the stadium. On 28 April 1989 HSE staff sumeyed the outside 
perimeter of the stadium to identify the rnmrbers of turnstiles used by 
each zone. Six groups of turnstiles served the six zones of the stadium. 
These are mmmrised in the folluwing Table. 

4.9 The three groups of turnstiles having the highest average admission 
r eqhsmn ts  were sited at the ~ i n g s  Lane end of the stadium, i.e. West 
Terrace Standing, North Stard Seating and West Stand Seating. 

Zone of grocnd 

West 'Jkrmce 

North Stand Sea- 
West Stana Seating 
SouthStandCovered 
seating 

W o n  - Standing 
ScPlthStand 

IJhcmVered Seating 

4.10 The average admission requirement of the turnstiles swing the West 
Terrace was the highest for any zone of the stadium. It was almost 3.5 
times the 1- average admission n q & m ~ ~ ~ t  which is that for the South 

Uncovered Seating and approximately 2.9 times the average admission 
requirement for Spion Kop. 

4.11 The video recordings used for the w i n g  were delivered by West Midlands 
Police and w e r e  identified RJH2/E/Part 1, RXQ/E/Part 2, RXE/E/Part 3, 

1, =/F/- 2, =/F/Part 3. They shmed the exits of 
turnstile boaths A t o  G from approxhately 1 2 . 5 5 ~  until 3.10p-i on 
15 April 1989. The continuous reference timings on the video recordings 
wem w i t h  respect to the start of each recom, and not to British 
Surmner Time (BST), but the relationship between the reco- times ard 
BST was deteYmined from the abservation of specific events in conjunction 
w i t h  West Midlands Police. 

Capacity 

10,100 

9,882 
4,465 
5,567 

21,000 
3,310 

4.12 The method of counting used a mirro-ccarqxrter and specially developed 
program. A psh-button was depressed every time a person was seen to 
emerge frow an identified turnstile booth and the amputer recorded the 
signal and its time. Peaple emerging f m  turnstiles A and B were counted 
together because it was not always possible to differentiate between 
peaple emery- frow these individual turnstiles. 

4.13 Ihe analysed data provided the relationship between the total nunher of 
people seen t o  emerge f m  turnstiles A to G and the time that they 
emerged. Figure 3 shaws the total number of pqle that had emryed f m  
turnstiles A to G wer the relevant period of time. 

Tbmstile 
Designation 

A t o G  

1 to 10 
11 to 16 
23 to 32 

37 to 78 
(19 to 22 
(33 to 36 

Ncrmber 
of 

Turnstiles 

7 

10 
6 

10 

42 
8 

Peaple 
F 

Turnstile 

1443 

988 
744 
557 

500 
413 - 

P 



4.14 I was infonrsd by West Midlands -lice that the turnstiles w e r e  opened 
before the start of the video recordings. A t  approximately 2.OC)EHn just 
wer 2,000 people had been camted and at  2.5- this rnnnberhad risen to 
approximately 6,000. W final total camt was 7247 people. 

The HSE count totals are sununarised i n  the follming table and ccarrpared 
w i t h  the SWFC aquter print-out, taken on 15 April 1989, a copy of which 
was pruvided by W e s t  Midlands -lice. 

* See param 4.15 

Turnstiles 

A+B 

C 

W E  

F+G 

TmAL . 

Turnstiles A and B, D and E and F and G had caanmon exits, and hence the 
HSE and SWFC counts of these pairs of turnstiles have ben mined. 

4.15 Paragraph 4.6 of this report referred to a persistent error in the ccunt 
obtained from turnstile G. This cmld result in no signal being sent to 
the cmputer even thaugh a person had passed thraugh the turnstile and 
could a m t  for the disc=repancy between the HSE count of 2019 for F plus 
G and the SWFC count of 1632. 

HSE 

1930 

1168 

2130 

2019 

7247 

4.16 Based on the asslmp3tion that the SWFC amputs  printcut accurately 
recorded A to E and that the HSE taunt for F and G was less than the 
rnnnber who actually passed through F and G by a similar pxen tage  to that 
obtained fram A to E, the estimate for the total number of people that  
entend thrCplgh turns t i les  A tO G is 7494. In my opinion the actual 
number is unlikely to  have exceeded this value by more than 2%, i.e. 7644. 

4.17 The rate a t  which people w e r e  m t e d  thm@-i a l l  the turnstiles is shuwn 
i n  Figure 4. The rate is for a 3 minute time period and shows the numbex 
of people per hcur per turnstile. The rate im=reases rapidly a t  abcut 
1 . 4 m  and rerrains fairly constant between 2.05p-1 and 2.5Opn. The mean 
rate for this period was about 660 people per turnstile per hcur. Between 
2 . 5 5 ~  and 3.0C)EHn the rate im=reased and read~ed a maximum of abaut 1150 
people per turnstile per h-. m incrreased rate coincides with the 
thGateCwasopenedandccxi ld thereforebearesul tof  derreasedcrcrwd 
pressure allming a faster flm thmugh the turnstiles. 

SWFC 
-CaaTpxlter 

2004 

1206 

2196 

1632* 

7038* 

4.18 I f  the rate of 660 had been maintained from 2.5Opn onwards and no gates 
had ken opened I estimate that it wmld have taken until  about 3.4Op t o  
bring the total nunher of peaple admitted through kuTlstiles A to G to 
10,100. (The g u m  capacity of the West Terrace s t a d n g  area. ) 

Difference 

-3.7% 

-3.3% 

-3.0% 

d 

t 



l?sImxm OF mPLE 'llmomH 'GATE C' 'JnmN FIZC%II VIDED RMlORDmGs 

5.1 A video recording labelled RJH2, delivered by W e s t  Midlanls Police, was 
used for this analysis. It was capied by HSE ph-ers and a timing 
reference added. This capy w a s  given the identification DFl/B. It 
the exits of turnstile booths A to G, Gate C and the general area on the 
West Stand side of these turnstiles. ?he continucus reference timings on 
the video recordjng related to the start of the tape and not to BST. 

5.2 I w a s  told by West Midlands Police that, f o l l ~  scrutiny of 
sy-nchmnised video recordings, the 'First O p a b g '  of G a t e  C had occurred 
at  approximately 14.48pn for a duration of-30 secords. I was also told 
that the 'Second of G a t e  C had started a t  -14.5- and finished 
at-14.58pf a duration of-.5+ minutes. A 'Third Openjq'  then occurred 
m r o x h a t d y  one minute later when the gate was apened for approximately 
8 minutes, sufficient t o  all- the entry of peaple in s iq le  f i l e .  

5.3 The method of assessment for the f i r s t  two apenings w a s  to c a n t  the 
number of pecple passing a reference line for a period of 3 seconds and 
then to repeat this process at  intends of no greater than 15 seconds. 
A t  t i m e s  when the rate was seen to vary rapidly, and for  the whole of the 
'F i r s t  Opnhgf f  samples were taken more frequently than at  15 seco&. 
Figure 5 shows a graph of the number of people who entered th?mqh Gate C 
ciuringthe'Second0peningt. 

5.4 Esthtes of accuracy are based on the possibility of missing one in ten 
of the peaple passing the reference line and the unlikelihood of miss ing 
more than t w o  in ten. 

5.5 The estimate of the number of people passing through Gate  C during the 
'Semx? Openingf based on the caclnting was 1800 but this shauld be 
mzqarded as a mhbum.  The best estimate muld be 10% higher than 1800 
i.e. abcut 2000, and in my opinion the actual number w a s  unlikely to be 
greater than 2200. 

5.6 The estimate of the number of people passing through Gate C during the 
'First Openiq' based on the ccunting was 130 but this should again be 
regzded as a minkm. 'BE best estimate muld be about 150, and in my 
opinion the actual mmker was unlikely t o  be greater than 180. 

5.7 In  the 'Ihird Openhgf entries w e r e  m& slower and a more accurate count 
was possible. A total of 90 were counted wer a period of abcut 8 
minutes, and in my opinion the actual number is unlikely t o  be greater 
than 100. 

5.8 The following table is a su rm~ l r y  of the estimates of bath Gate C and 
turnstile A t o  G entries. 



6.1  Drawing 1340/02A by Wph Rrade & Associates gives dhm-sions of Fens 3 
and 4. Bathpens are shown as being 13.lmdeep; Pen 3 is shm as being 
14.350m wide and Pen 4 as being 14.6451~ wide. Based on these dimensions 
the areas are 188.0sq m and 191.8sq m. 

6 .2  The 1986 "Guide to Safety at Sports GmurfWf states 

180 

2200 

100 

7644 

10124 

P 

Firs t  Clpening Gate  ' C f  

Secord Clpening Gate ' C f  

nkrd C p e d n g  Gate ' C f  

Turnstile A to G 

TVmL 

"222 The extreme allmances for packhq density are as folluws: 

a. 54 prsons per 10 squaremetres when the teaace or 
viewing slope is in god condition (as set out in 
chapter 8) ; and 

HSE Count 

130 

1800 

90 

7247 

9267 

b. 27 persons per 10 square metres when it materially 
deviates frm the -ed guidlines, so as to 
constitute a possible hazard to individuals closely 
p a w .  

Best 
Ektimte 

150 

2000 

90 

7494 

9734 

223 It m y  be =ary to interplate between these figures where 
conditions fall between the two extremes. When . . . 

6.3 If 54 people per 10 sq m is assumed as the allamble packing density 
for the West !&mace then the capacity of Pen 3 is 1015 and the 
capacity of Pen 4 is 1036 making a total of 2051 for the ccanbined 
area. 

6.5 The above calculations of capacity rraLst therefore be assumed to be 
the maximum allowable capacity for this terrace area. The guide also 
gives exanples of haw this maximum capacity figure shcnitd be reduced 
when certain factors do not conform to the guide. Examples include 

a) When the strength of crush barriers conform w i t h  the 
guidelines but the spacing of such barriers does not ... 

b) When perimeter wall and csrush barriers do not wmply with 
stsength or spacm requirements ... 



c) When the positionirg and width of gangways do not neet w i t h  the 
-tions of Chapter 8. . . . 

6.6 It also states that when crush barriers do not meet the guidelines on 
strength . . . . .M are W 1  constructed, consideration may be given to 
allcrwing a lower packing density figure for the ~xupose of calculation. 

7 . 1  West Midlands Police pmided me w i t h  several allanns of @mtqmphs, taken 
at Hillsbomugh on 15 psril 1989, and several of these ph- were 
identified as providing material for the estimation of the rnrmbers in 
Pen 3. Enlargements of ph- PR1/7A and HU/8A were provided by 
West Midlands Police and these two ph- were analysed in detail. 
The t i m e  identification =king on bath these photographs was 15.03. 

The method of asesamt entailed m t i n g  the photapqhs on an 
electronic digitising table (Digitiser) and then mark* the head of each 
person who was discernible. The Digitiser was linked to mnputer Aided 
Drafting software and the act of marking each person on the photograph 
enabled the physical points on the photcgraph to be placed on an 
electronic grid w h i c h  could then be displayed, urder cmpker control, on 
a VMJ screen or printed out on a graphics plotter. Actual counting of the 
number of those identified within a specified area was carried out 
autoaMticdlly and no allowance was made for people that were hidden from 
view. 

7 .3  O n 2 2 ~ y 1 9 8 9 p h o ~ p h s w e r e t a k e n o f t h e ~ p e n s b y t h e s a m e  
photogmpher, us- the same camera and camera position. MS enabled the 
boundaries and barrier locations in Pen 3 to be transposed onto the 
cmpker image of photcgm@s taken on 15 April 1989. PR1/7A and PR1/8A 
covered about 75% of Pen 3 and it was assumed that the density of people 
in the remainhq 25% was similar to that in the photcg-raphed area of 
m 3. 

7.4 The estimated headcount for the whole of Pen 3 was 1408 people but areas 
at the front of the pen were masked by people outside the pen and heads in 
the area forward of the first barriers generally less discernible 
than those behind the first barrier; 1408 is therefore a minimum estimate. 

7.5  The results froan a more detailed analysis, in w h i c h  Pen 3 w a s  sub-divided 
into four rows, kounded by the perimeter fence and the ruws of crush 
barriers, are m i s e d  in the Table werleaf . Figures 6, 7 and 8 
illustrate the four rows and the numbers m t e d  in mws 2, 3 and 4. 



* Tbe rnrmber of spectators in the F i r s t  Fbw w a s  estimated f m  the plan area and 
an assumed packing density of 10.0 spectators per square meter. ?his density has 
been shown to be the maximum achievable with& W e  discanfort in tests a t  EE' S 

Sheffield Laboratories and has been cormborated by crcrwd density -ts in 
a selected area of the first ruw on photqmph PlU/lOA. 

7.6 The estimated total for Pen 3 of 1576 is about 55% greater than the value 
calculated f m  a packing density of 5.4 people per square metre. 

7.7 An estimate of the packing density in Fen 2 was also mde f m  photqraph 
PRl/7A. The area selected s h d  an werall packing density of 5.0 people 
per square m e t r e *  

r 

Capacity 
a t  5.4 
/sq m 

194 

271 

271 

279 

1015 

caurk 

2 68 

382 

409 

(517) * 

(1576) * 

ESFlNUX OF POSSIBLE NUMEEXS CUESIDE THE LEPPINGS LANE TURNSTILES 

Back W a l l  

3rdE?arrier 

2nd Barrier 

lst Barrier 

Fence 

TWmL 
* 

Density 
/sq m 

7.5 

7.6 

8.1 

(10.0) * 

8.1 I w a s  asked to make estimates of the rnrmber of people which could have 
gathered cutside the turnstiles a t  mings Iane but w i t h i n  the outer 
perimeter gates. The area between the Lqpings Lane Ehd turnstiles and 
the cuter perimeter gates is illustrated in Figure 9. ?he Figure is based 
on Ralph Rrade & Associates' Drawing No 1340/04. The area has been 
sub-divided into three separate areas (Area 1, Area 2 and Area 3) and the 
appmximate area of each has been cdlculated by scaling f m  the Draw-. 

Width 
of row 

2.5m 

3.5m 

3.5m 

3.- 

8.2 The rnrmber of people that could stard in  the areas has been cdlculated 
using a packing density of 8 pecrple per square metre and also using 10 
pecple per square m e t r e ;  the estimates are tabulated werleaf. 

Area 
of ruw 

35-88 

50.23 

50-23 

51.66 

188.0 

Distance 
to 

Perimeter 
Fence 

13.lm 

10.- 

7.lm 

3.6m 

0. Om 

4thFIaw 

3rd Row 

2nd- 

lstR13W 



9.1 Various aqects  of the crush barriers and perimeter gates in 3 and 4 
did not conform to the \Guide to Safety a t  sports' Grounds 1986f. 

r 

A r e a 1  

A r e a 2  

A r e a 3  

Area 1+2 

m 1+2+3 

9.2 The broken barrier, 124A, was made fram wrought iron tube and mild steel 
angle section. Bclth tube am3 angle sections were  heavily corrcded in same 
areas. Calculations on the mechanism and force required to cause the 
collapse of the barrier are proceeding. 

9.3 Examination of turnstiles A-G indicated that there was a fault in the 
counting mechanism of G. Frcan assesmnt of video recordhqs, a best 
estimate of people entering thrnugh A-G w a s  7494, with a maximum of 7644. 

A r e a i n  
square 
metres 

65 

160 

260 

225 

485 , 
L 

9.4 If  G a t e  C had not been opened, HSE estimate that it would have take.n until 
abcut 3.4- to admit 10,100 people thmqh turnstiles A t o  G. 

9.5 Assessment of the numbers of turnstiles allocated to various zones of the 
stadium revealed that the average admission requirement of the turnstiles 
serring the West Terrace was the highest for any zone of the stadium, arad 
was approximately 2.9 t imes  the rqukmen t  for Spion Kop. 

People 
a t  d-ity 
of8 .0-  

m 

520 

1280 

2080 

1800 

3880 

9.6 HSEfs best estimate of the totdl rnrmber of people who enterd the ground 
ciuring the three of Gate C was 2240 with a maxinun of 2480. 

9.7 HSEfs best estimate of the total nmker of m l e  who entered the ground 
thraugh gate C (3 openings) and turnstiles A-G was 9734, w i t h  a nnxhnum 
value of 10124. 

-wle 
a t  density 
o f 1 0 . 0 p e r  

m 

650 

1600 

2600 

2250 

4850 

9.8 Even i f  the strength and spacing of the barriers had amplied with the 
'Guide to Safety a t  Sports Gruunds 1986', HSEfs calculations show& that 
the capacity of Pens 3 and 4 was 1015 and 1036 respectively. 

? 

9.9 Since the barriers did not amply in all respects w i t h  the Guide (see 9.1) 
the estimated capacity of Pens 3 and 4 would be less than i n  9.7 akwe. 

9.10 The best esthte, based on photqmpb, of the number of people in Pen 3 
a t  15.03 was 1576. 

9.11 The rnnnber of people who d d  be amamnodated theoretically between the 
perimeter gates and the turnstiles a t  Leppings Iane was estimated t o  be 
3880 and 4850 for crcrwd packing densities 8.0 and 10.0 per square metre 
respectively. 



Fig. 1 - Reconstruction of Barrier 124A 



Fig. 2 - Barrier 124A as photographed 171 4 189 



TIME in seconds 

f l G .  5 NUMBER OF PEOPLE EMERGING FROM GATE 'C '  AT THE "SECOND OPENING" 



DIGITISED DRATiNG OF PHOTOGRAPHS PRI-7A & PRI-0A 
SUPERIMPOSED OK 

DIGITISED DRAWING OF PHOTOGR4PKS PRIOA-2 TO PRIOA-5, SCALED ETC TO K4TCH 

PEN 3 
OCCUPANTS OF ROW 3 ONLY SHOW 

( h 3  ESTIMATED CROWD - 60 OCCU?:b-NTS - SIIOmT F34TCHED) 

HEADCOUNT - 382 

PHOTOGRAPHS T.AKEN 15.03 

FIG. 7 
aS saEET PIi178D/P1131 



DIGITISED DRAWING OF PHOTOGRAPKS PRl-7A & PRI-8A 
SUPERIMPOSED ON 

DIGITISED DRAWING OF PHOTOGRAPKS PRlOA-2 TO PRlOA-5, SCALED ETC TO MATCH 

PEN 3 
OCCUPANTS OF ROW 2 ONLY SHOmT 

(NB ESTIMATED CROWD - 118 OCCUPANTS - SHOW H A T E E D )  

HEADCOUNT - 409 

PHOTOGRAPKS TAKEN 15.03 

FIG. 8 
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