l]umv ‘md Practice o{ \LL]JLH[ Ris ] “1111*(1]1L11t

for Large-s scale Events

ESrSiXMiEEE
—EIR5 XK

S

) T@F o EHEmL




C936
347

A BUERh R R BS 1
PR L5 9k

Theory and Practice of Accident Risk
Management for Large-scale Events

#imls Z

@)% st o gt

ATAEIGIN

C1637428



BB R4 B (CIP) #17

KEGESHEHRNE . HIe 50/ R amis . —dbal. PET ISR E
HRRA, 2013
ISBN 978-7-5167-0151-5

1.0k 0.0F - . OtemEsh-FH-XEEE-5R V. OCI36
rh [ A B A CIP $ia% - (2013) 5 023108 5

HhE T gt 2 PR R AL R A 1T
AR EHAE 1S HREGS. 100029)
AR A - KB
AL 28
b HBBRENR) T ENR = TR AR ENRI T T
787 =K X 1092 25K 16 FFAS  18.25 Elgk 286 T
20134 1 HEE 1 hR 2013 4F 1 HE5 1 ENKI
EH: 39.00 T

BHREHHEIE. (010) 64929211/64921644/84643933

RATHRELIE: (010) 64961894
H Rt M4k . http: //www. class. com. cn

WA & A RAULTE
WA ENAE 4L, H S4B R (010) 80497374
BB ERRHGENXERS, KAOITEHRD. HEMERER
EBiES, SEKIEEhEER, SELELTFERESER,
ZIFAIE: (010) 64954652



nB|EN

ABFHFUREERERAREXYEHZLFINEEZHRKLHE, TAF Y
FREBGESHHRIZRNEEF, BEATH, BHHEHELHAERLLEEL
R, REAGHENRBESDZLKF, FTXVEHRZLETEHNETLRE. KH
P AT T8 B AR Y E S P i A TR Bt AR F R A 0 TR, R E A
AR BEARBGEABARGAS Z4, BRFRERGE LMK, LAK
REEHRMNBAFTEEAFTHRRRLEGEB R TR, AFAZAEZHEAN
i, AEAHERCZEMATER, FARLEETHRNGATHRIL SRR
8RR,

AFAZES8FE, Al 4, XAZHFHARRFTEMTHE, KBFE
HEBFREHEREEE LW, REEFDFRREESFNF E. MHFREF
MR ZFFMBEAR, XBEHFRAEEFRZEHNSR . XA FHFRNEF4H
ZERR, BREREL, AFTHAZFRREZLMAFE L, MEEE, ITK
FTREFLLAMNE, ARAEGEE R, LTHAFXEEZH R E LB AT
AT PR A



Al

o

REE S E BB A AEERIEAZ —. R, LR KEE 2 I8 %E
WA ATER, SEORIER KRG SR B AR AN BRI AR R, TR
ANFEHH R LRSI WA G TG R E R IEAT, SRR sh XS B TAEZIA
BE. HIL, ABEITRENE sh3HR R R R, 58RI ShE X
R BRI s, LA B TR R KRN Sh O AR ) .

AHBEHAZERGE TR, FHEEBESHRE I SRR B RIR, B’A
T T RENE ShBOAKIEN RRT . A TR R RIS M. A5
FES R B G/ B i Al bl s KA1 3 R F B R T XS R E R,
- AR Sh XS PP AR R, fiiEtE . e B I, 3
IO DRSS 3R 4 ) B ) R 9 sy Sl KB B U X 3, O T RAR K BT
BhEHOXK N L e

A 43k 8 &,

51 FREE, BREAPITREEE . IR EARBEM ERZMTENEE.

5 2 R ICIREGR . LA AHEHTTECHR, ATt FeahE K AU i 3l i P 6 O
WA, HmattaARk, RAREHK, TN 5HESISN, 25 A%
BE|—E MR HE TG 3. KRS SR — SR ABGAE] 1 000 ALLE,
RX ATV, AUERR B KRGS, BHRE. —RERALE 2RI
g, — MR G S S KRS Sh S XU AR Z AR P AR R
P, REM. AEr. taRmiEAERFRER L. ABRES SEFHUN
YR, EREERK, W EH— RN AT R B AR E T E A
SEWER, HESRAETENNE, ERITGEEMEFARIFEINIRTR.
RENES) A SRR et R e R W EER R

8 3 MHATHMEOIG T, HE M KRS Sh EREHNKEHEEK. K
RITE SR HBCRBIGI T R KK R KE. SR, 3. AR S

e o



KRR PR

A UK TR R 03T o KT S S T BB R T 9006, KBTS
B — R R S EOR AT RE AR KR L BRE . R, BRI, MKAES
B EE R RBUL RN AR BRE S . ABER AR R RIS Bl SRR 7
L BRI R AOARIR, ARG R ORI AR T (5% 20 R AT BF BRI 2 i
HRBES) F BRI S, AHEHRE. HHFNKRER . SRR R
£ EHRUK R R TS S N ERR P R R RIS S S MR EE R . BRI
HE A ABHERE ., ABATAALERE ., ABBRALLE] . HREF LK
P TR REEASIRE. iR, BREE. BRI, NRSKREM
PP s PRHE UK R R AR i R ENE Shia T B rh R 2Tt 23858, AR
W ANTHES; HHNKRNRORELMER. NREEEG. MNatEh
FB LA R T B RENE S NTER R 2RI SN A . TH S AR TS 3h
FISENE . RENE S SO A NUERTE T4 NS B R Z M P S R EBIOR . &4
FERRN GRS RAANAERRZMENER, BUEEsSNARRAL, #Hmis
BT RBITE B FE KA . KRBT Bl s KUK R 8] 1 7 X 5 AE g 2
UABRMEZERER, B H PR KRS S sl R AL e | 56 B R

5 4 BFNLE 5 EATFRRENE ShEBOXKIEM sk R, 6 ¢ EAXKRE R
F 1 BE AR HH R ZUE S RS PR AR P LA (AT 3h 7 SRVPAG . 0 S KU
PG SAXEIER . BRI, DLRBES AT BUSE KSR & VAL SF 6 A4
T, A IR EA 2T ) P A S A S R K R S S s KR A B I AR R
BEXRBYTE S A RS PGSR 8t T AREREG Pr s X 2 P I3k,
AP R A fERA FHRRINE. RERR R eEIE, SNy
HBIAGR 7 BV RR . SRR b KRS S N R R B JRRE
IR RS AT R S T OREYIE S SO P R AR R R SR SO
BOFA AR PPAG KBTS Zh AT B RUKL . ZARBLR A K R e %, R ECR
G a BN KBE SRR BB KK . FISTEREE SR R F ik, X
R N T BRI 7 E R E TSR T 3 ., SR EUE
Rl S HA AR RS BAE R RRIPH . REA R RBUETLE, #e KBS
B BRI HE BOBAE G I FE 0~170 Z ], FERIZBAZ KL% .

555 EMBeEh. B, FEMIFE 4 AT T P HTER B F A A R
P, W98 T ABERORARAE . OB N, JRRRR . BERRRILR S BT R B




Hi

FHCR B XU REAE . A il R X B BRI AE S ™ AR B 5T
T AR NG BF R i S SRR R R, bl A TR 7 P 55 S AR L B
RS | RGBS Bl R BORRAE . ARIEFIBTER B S B by AR HE
Ao R/NFIREE I [ 52 R A DSl B R PR SE TN, T DX 3l P A 20 ok
AR NHERE BERRERS 3l B F) B B AR B R EORTH R . BTN T AR K
TR R R DX A B BRI IR B T o e P A B B AT SR M. BT ABK
JE—HELAE N R, AR e K sy B HE SR 2, R B4R B L
BEHOREAT R . e 1A I AR B AR BE , W RAUESE A
VBB B BE M A b R P S 2 M. P HE BRI AR BE 55 A U i R .
KEF; NHEERTEALWE AR, AFRRS AR B L A
REF; YARE R BN, AT AU N R 0. TAE N iR % B
e 4 N/m* et s Aifi— BR A B ZER AR MER R RN R i &R

55 6 FHFTERBNE SR SEBONR RIS R . RAIBIR E . NS, X
AUE RS B SR T KT TG S SOXUB: , XU 42 V2 R R 7 AR U
XU 155 D8 K BY 185 3l 73 0 P S 2 2 35 B 1

857 T ARSI 0T, RABINA RSB IETR . # KR
SFHENEIENERT . NE . JNEER ARG H Tt A E 2 g <,
X FLHERORBR AT BRI AIAT A B AL LRI T SRR i S 4 0 BT X3
FECRE VR 2EAE b, ST T OXURG TR A R 3R . e T IXURG: 4+ ) R Y
SIS T R R 4 Bl SE, BA RGHBREE, WhE
ShAH L AR BN R AR BEBOR S fr .

% 8 HRLABHITMNE, WIFIHTFEMEEMEIH A, JFR B #E—PTA
WA

iy




Preface

At present, large-scale events have being an integral part of social life
forms. However safety is the basis and lifeline for large-scale activities organi-
zing, accidents strangle the success of large-scale events through the most direc-
tily and unexpected constraints. It makes the risk management of large-scale e-
vents to the top because of the accidents occurred with countless awesome severe
casualties. Therefore, this dissertation gives the accident analysis and its mecha-
nism of large-scale activities, the study of theories and methods about accident
risk assessment, the improvement of control ability to accident risk in large-scale
activities, which can provide a scientific decision-making basis for the safety and
sustainable development of large-scale events.

The procedures, contents, methods systems and control measures of large-
scale events are studied in-depth, making full use of the theory of safety systems
engineering, accident causes, and risk assessment so on. Based on statistics and
analysis of the accident cases of large-scale events, the major risk factors, com-
ponent elements and its formation mechanism are identified, the risk assessment
methodologies are built including qualitative, semi-quantitative and quantitative
evaluation. Corresponding to the component elements, it brings out the incident
risk management and control measures for large-scale activities, and their appli-
cation to the practise of incident risk assessment for large-scale events.

This dissertation comprises eight sections.

Chapter 1 is for the introduction to identify topics background of this study,
the study about the technical line and main content and so on.

The literature review is in Chapter 2. Through colligating related literatures,

the conception of large-scale events is demarcated to establishment of interim
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management organization, facing the public, having a specific purpose, tempo-
rary occupation for ground, a certain number level of participants and non-rou-
tine activities. The large-scale activities which their general requirements of num-
ber is more than 1, 000 people, not including the spontaneous activities, low
frequency, one-time or regular events, is generally a temporary occupation activ- -
ity. The accident risk characteristics of large-scale activities mainly concentrated
in the crowded, sudden, uncertainty, the social impact and the non-procedural
decision-making. The assembled crowd can easily enlarge a further severely acci-
dent, resulting in the loss even more serious, and a very small thing can lead to
very terrible consequences of the social impact, then the accident occurred unsys-
tematically, it makes impossible to provide the procedures of decision-making to
deal with the accident. No doubt the inherent characteristics of large-scale activi-
ties are also an important factor, which determine their accident risk.

Chapter 3 is for the statistical analysis of accident cases, which identifies and
analyzes the accident risk factors of large-scale events. The statistical analysis of
typical accident cases for large-scale activities shows that the casualty proportion
brought by fire, explosion, construction risk, poisoning and crowded is more
than 90 percent in all the accidents of large-scale activities. The general primary
accidents of large-scale activities may be that fire, explosion, poisoning, struc-
ture accidents, and the most important expression form of induced hazards is the
crowd trample accident. The characteristic of assembled crowds of large-scale ac-
tivities is the root causes of come into being, evolution and expansion. The
crowd trample accident is considered as the major control object of accident risk in
large-scale activities according to the relation of the primary accident and induced
disaster. Five risk construction elements of large-scale activities are comprised of
crowd category, places risk factors, environmental risk factors, managing risk
factors and inherent characteristic of activities. The crowded category elements
include the crowd density, behaviour, mental state, proportion, safety stand-
ards of organizers and so on; The places risk factors contain place type, place

layout, construction safety, hazardous materials, emergency equipment and re-
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sources and so on; Environmental risk factors are the social environment, natu-
ral environment, artificial environment which affect the safety function in the op-
eration process of large-scale activities; Managing risk factors include safety insti-
tution-building, risk management and control measures, emergency capacity-
building as well as related side management; The intrinsic characteristics of large-
scale activities need to consider the contents, scope and affection of the activities.
The accident mechanism of large-scale activities is due to the balance destruction
with risk factors relations. The failure of safety management and the conse-
quences of environmental factors interacts mutation, caused crowds chaos in the
building, which led to a large-scale activities accident occuring. The role models,
processes and relationship among the risk inscape of large-scale activities often
decide to the incidents time, intensity and the extent of damage.

The study about accident risk assessment methodologies of large-scale activi-
ties is in Chapter 4 and Chapter 5 this paper. The author put forward the major
accident risk assessment procedures and contents for large-scale events based on
risk management, including programme assessment, static risk assessment,
dynamic risk assessment, management and control analysis, emergency analy-
sis, comprehensive reality risk assessment and so on, The contents about as-
sessment and analysis of every aspect construct the contents system about the ac-
cident risk assessment of large-scale activities. For the dynamic risk assessment,
the paper presents the accident risk qualitative assessment methods about the
crowd gathering places, according to the key words of risk identification, harm-
ful risk factors listed, example analysis methods and so on, which can make as-
sessment methods summed up into seven steps evaluation process with easy. On
this basis, the risk index system is established by the characteristic factors, the
inherent risk elements and the counteraction factors, and the accident risk as-
sessment model are brought forward to evaluate the relative risk to reality for
large-scale events. At the same time, the model uses fire factor, crowd factor
and site factor to denotate the fire accident, the crowd trample accident and the

construction accident of large-scale activities; three kind of counteraction factors
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are consist of evacuation counteraction factor, management counteraction factor
and emergency counteraction factor. The indicator values are calculated through
their constraints about the relations established. According to the value ranges of
the factors, it determines the accident risk of large-scale activities in the range
from 0 to 170, and it can be divided into six risk level.

The thesis of chapter 5 analyzes the occurrence reason of hustle trample ac-
cording to four areas like the motion, - dismay, information and environment,
and the characteristic of crowd dismay, mental state to respond mode, process
description, special swarm phenomenon etc are also studied. The quantitative
risk model of crowd trample accident is constructed from the trigger factor, the
regional stranded crowd number and the calculating process of death number for
the severity of accident. The trigger factor is expressed by the vulnerable popula-
tion proportion, the attraction of exports and the communication of crowded in-
formation; The deaths number in regional stranded crowd is associated with the
form, size and duration of the power of crowd trample accideﬂt, which the re-
gional stranded crowd number is calculated by the crowd flow coefficient function
for the crowd density and the speed of mobile crowd. At present the process of
crowd dispersal stranded in a particular region can be calculated by the model
stranded number to solve. The deaths number is difficult to determine, which
can not be done with experiment or equations, hence it need to rely on computer
simulation to solve the problem. The influence of pluged channels to crowd dis-
persal is further discussed, and it can be confirmed that the traffic flow make
complex changes with the crowd density. In lower crowd density, the crowd
density is in a positive relationship with the traffic flow; when the crowd density
is greater than the critical density, the crowd density is in non-linear relationship
with the traffic flow; when the crowd density reaches to the maximum density,
the traffic flow was considered as 0. Once the initial crowd density is in 4/m? a-
round, it will be difficult to restore the initial flow in case of flow obstruction.

The major control measures of accident risk in large-scale events are put for-

ward in Chapter 6. Such strategies as precautionary management, risk transfer,
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risk aversion, self-management and so on are adopted to control accident risk of
large-scale activities. The level and scope of risk control should extend the inside
of place to the external in large-scale activities. The physical preventive measures
and safety management measures of risk control are constituted from the human
factor, material factors, environmental factors and management factors.

The case in chapter 8 is the part to verify and prove the research in this dis-
sertation. The procedures, contents, methods system and control measures of
accident risk assessment for large-scale events are applied in Shenyang World
Horticulture Exposition, identifying and analyzing the'éccident risk, simulating
the key places and regions quantitatively, formulating the prevention and control
measures on the basis of the comprehensive evaluation of accident risk. The con-
clusion validates that it is comprehensive, scientific, rational and good work-
ability of the accident risk assessment method for large-scale events, which can
provide technical support for the organizers and risk management staff.

In the last chapter, the contents of this dissertation are summaried, at the
same time the conclusions and innovations are put forward including of the sug-

gestions and expectations for further scientific research.
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