55 38 %4 13 RO TR 5 Vol.38, No.1
2018 4E 1 H Systems Engineering — Theory & Practice Jan., 2018

doi: 10.12011/1000-6788(2018)01-0263-10 RER S X913 SRR RS A

24Model BIRZ4FEHFT

W g B2 IEETS

(1. #ET LAY (LX) KiFLH %L TEERE, F 100083; 2. FEP LAY (b¥) EAAFL XL FREXELLRE,
L 100083; 3. HHLZHFH 7 A% %A LIEIEER, 4x 100070)
@ B N7 RESEHEEARE 24Model $ATE A E WEH M AT T, £#HET LR IR
TrFEH R A, HRT 24Model by R s te. 50N M IR R F B £ FRIR, FHTFusl.
24Model & B4 B e, XM, BRI, S AENRAEERKERE. FIH 24Model Xt “HR T
B7 SERBBPERIATT 04T, UEFIBAET 24Model HyRMRM, XM, B AE.
KHiE 24Model; FHERE; RARA; LRI

Study on the systematic characteristics of 24Model

FU Gui"?, SUO Xiao"?, WANG Chunxue®

(1. School of Resources & Safety Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China;
2. State Key Laboratory of Coal Resources and Safe Mining, China University of Mining and Technology (Beijing), Beijing
100083, China; 3. School of Safety & Environmental Engineering, Capital University of Economics & Business, Beijing
100070, China)

Abstract In order to carry out more comprehensive accident analysis and prevention work via accident
causation model 24Model, the authors analyze the relationship between hazards and accidents. Then the
system characteristics of 24Model is expounded. The study shows that the hazards are the sources of the
accident which equates to the accident causations. 24Model is a systematic accident causation model which
involves features of integrity, relevance, hierarchy and dynamic. The characteristics of integrity, relevance,
hierarchy and dynamic of 24Model are illustrated with an example which is the capsized accident of the

“Eastern Star” ferry analyzed via 24Model.

Keywords 24Model; accident causation model; system thinking; hazards

1 5|8

HHERHBA AR HHR AR, kR ags U, I AN, SRS R BaR g T
EEEE R B, 28RS (post hoc accident analysis), fEREHEN (hazard analysis), K4
M7 (risk assessment) 25t FEAEEH A TH B 24Model* ¢ ££ Heinrich #2Ki#8%] (Domino model)[”
Ml Reason WEm-LABEEMEARL (Swiss cheese model)(® JyFRiSFERl 52 i A B B AR, AR N
FEAT A 2R AR — R (B4 Hr, BB AEAT Sl R R . 1 S AT FE o R
(efficiency-thoroughness trade-off, ETTO)!! {24, 24Model Y% T £ K TERIRIA Bt B AR (i He ik,
P, BOE T AT MEARLE S R R EE P E MO A RS TR MR R IR, g R
HFKFA BT A AT 4 R B SR IGELZE . 24Model IAARERIFE S T AR, 1, HEHFKAHLA S
WekE H A: 2017-05-08
Y& 5 (1961-), 5, T, HMILE A, B8R, WL, IR N fTA%E, 2B 8, E-mail: fugui66@126.com; BFMEE:
W% (1990-), 5, B, BRI, HLBRAE, FR T H: L2 8, E-mail: bruce88163@126.com; FFE (1991-), &, I, b

A, MR, T m: L8, L2 X, E-mail: rebekahwangex@163.com.

ELTWH: BXEAREHESE (51534008)

Foundation item: National Natural Science Foundation of China (51534008)

35| g B, Rie, TS 24Model FIRGHFIEDTS [1). RO TRALS HIEER, 2018, 38(1): 263-272.

T 5| = Fu G, Suo X, Wang C X. Study on the systematic characteristics of 24Model[J]. Systems Engineering — Theory
& Practice, 2018, 38(1): 263-272.




264 AETRALSEZE % 38%

WER. 55, 24Model ¥ EFE 43K 2 AZHEIN NZEAHALRTE; 4 HErBEI—IRKE T A,
ABETA, BT, 18578 IINEEE IR RIX B, KA T NIT AL EERT Y, B4
MNTARR LB G T RERNE, PRENE, BREMEM LA T, A48T A IUE S L2 (B
2, D) MEEREERR U, XX YIHEALUCE, B, HESES ANWITHXSTR, HEiEH
B SR AR R, BERAELRRI AT SRR AR E ZMN AT R RS ANEE R, i
T FHH (multiple accidents) ST

24Model )2 W FITE 2 SBH BT A28 S B A TR s A 7T, STHR [10] AAZE23h1E
RTHA D 7K K H R AETEAT T ST, R8N T B B IOK K G 309 DAL 2, PR
BORZ R EES R 13 K, R T BEHSEER UK K FHUE A0 68 RE2E. STk [11] X F20E™
FLHRMER AR ZZ 230 (BITE AR E TTRER A BB R A L) #4775, Rl TERGRAEL, BEAZEA
RARVAE 8 2K 14 WAL 2EE. STk [12] XSS LR E SO AR ), Rttt s, SRR
AT T X H. FERIE BT M, BERiZExd 2003 T 2014 42 R GRS PHE 214 BT R AT 80T
THHr, PR T SRR e, A, IR, BRI, ReEERR, Ke bR E U b
FH AT, SCER [14] XTREEHE 8- 12 FER K RIRMESH AL 2 E R A LR E AT T R4
WS, SCHR (15]) XTERE 2 H S UM AZ 2 3ifE, ZREERR, 224830 =Jrm 5 FHi#1T
TR feelbZ 2B g, SCik [16] it T 24Model TEMED 22 PRV A, R 24Model X2 5 A
BATANEMT, FEH B e RRTR, #E T H H TS H. Uk [17) 2 24Model B2 T WM HLE B RS
W E P, MBI T &6 EE BRI ITHE S8 R L E RN Z2E kR ME 230l
AT FHEREET 24Model @M SEFREELKBRHT “—RHEF, BENE WeRthRZeE
B, FHHET 24 Model #07 T b Ze 2 SAEBOKEIFIHE R R, I H S ER 2 Ugson i
AT 19

PLERIA 24Model BBFFEHT, BN 2 MESCE S R EATAT ST, W1 ANAZ 2 3R IR R #E4T
I3, B TR R R G ST S BB A S, B R S BB R R R R, g —
KA KM THHE N, LB RS, RE AR AZ 23, AW, AR, B, I8, O &
M, ZEPURR, 2 AL R#T T 2m ey, (HARISHEU Z WA 2 R THFR, X2
RUE 5 Bae 1O R R 2RIt S H AR REERT, IR Bl T H M S B H A LT, 24Model
FER S 8 B R Guip i A 2O, DITE SRR RSk, TR 32 TR, A SCREX S s
24Model 1] RGAFEIATIRIR, B FEA HBORE X I A S T2 X

AP HAIR T ZHA T : 58 2 TGRSR SR R AT TP 28 3 WX S HEE A 24 Model
RGPS T T R, 2 4 95T 24Model 3T T “ARITZE” SELEUILHN, WBOMT T FEHHBE
LR TR ERTE. BGTES 5 Taath T4ie.

2 BHREERIR

TRBERGTRIAE, BTN TINEN RGN AL B, FHEFE BRI 22 2R TR
b U A REBEN RS A EHAF A R B, X EAHRAEBERS, SHEFEEAE
ST

HlC HECRHS N, AIABELR AN, SR EmEU@REEE, S5k, SASEmIRm .
“HHZURE RE BT B I e — L2 ZURE R IR Y s B0, IR S DIAE 480 M8 AL

FERlE: SO ENRTE, B THHEE. NRAWAEE, AR —4M BNk, Sk
HERRGER RIS STBRER B, BARKH AR TR KRB ICER B A HAE SR
ARETE, BIfarRlE, HaET AR, W, A5, AZU0NRE R RE R Z HE3EH., Hollnagel 42 H MK
LM FFE (The equivalence of failures and successes principle)!?2, 23k TR, Bl R AW 40E
TSR G HHH N R AN, FEL 5B 5 PR R R B, 0 ILO-OSH 200123,
AS/NZS 4804: 2001124, BST OHSAS 18001: 2007[?%!, AQ/T1093-2011[26, ANSI/ATHA /ASSE/Z10-201227),



5 134 5, %: 24Model ) RFFFHERTH 265

MIL-STD-882E[*), 1SO/DIS 45001129 A fEEEK e HHARE 2T HMANE R, YE R, 44X,
HLUMRNR. B SERFER R LR 1 FrR, SRECES T RENTATRUMITRLE, ¥
ARG THITA R Y28, oSN PRTER TR SR AR, SHERIEME L AR, HHTE
H 2 B g — W feR R, AREISHEOERIE T RGN AT Z A RACH., A
PULARESEA L2 RAGER.

24Model 112 HS BRI DGRBS BU R R, MASAWER, INE R, A4 KMA
FUNHIH . 2X2 24Model FEILHIHLH;.

3 24Model BYZRS4FMHE

ARG RTEW RN R A E R B AR CRME R B, KRENMERM LR, 4R 5005 R
WREREMBAEME, HHEET P TP RETCRZ MR RN, EERENRE, F—amsaltH A
FAEFE R A, TEEATIERIN, BREMHITERE RGENE RAER, B HrEEX SRR HRR,
e R B e S R W B4, DORF IR TR B gl ik, B R — MR IE & TR
HIYIREMICR Z M H.. 24Model RrFE MR AR R BT, HBRTEME T S0 BARE, BRI
7. BRI R — DRI HBOR ETT ), FHARIREFR & EE R Z A B e, B
HOAMHTIT, IR TR R R THIE. 24Model BTN bR EZ IR — NEM L R L2
TR, fEHHZ25 Y, ZET 24Model #ATRERIREBIHFFRA RSP L XS], 24Model ZnEl 2 Jir
R, B FERIFRIH B SO STk [4-6].

Fokh 3 ES

TEAMATE | PR
H IR = B | C 2 HIRA H :
éﬁéiﬁcn‘;}%’fx LAE AR RER G A VL By :

skt | cwems :

WEIV: $5R4TH| WL BTN BN A SR
Z . HEUZTH ZElT: MNZEH
Bl 1 EHE5ERERNXR X
- wi] s e o MBI — KR

2 24Model*~

3.1 24Model B4R R IER SEF M

F2WEMR T 24Model XMERIEX —HEZAT IR, S ERIRI IR B WA T T #E—2 40 J
INH AR EFEAZ2IE G AL EERET & ERE, TREEY, REEEEMN -4 L HER
SZHETENAN) MIMEE R (RE2FRAE, ZEFERAE, &) BAE £ 08AE, 24N E);
ANEEZYDEFERZEYIN, fERMYRAIRE; 441H ZERHEL2E IR R MZ 230 EX; 44340
TR R UG HA R ERAL, HESMIEURFT ], MO R B AR S, A R R, 1L,
AR R HARA R, i, faBUG, &5, B, SUERNARNFER LR RmE R, KIRTER 2
Rl A, B, C, D, E, F FiRiyfise. E50EHE AL 40 Heinrich 12K EEA (Domino model)l”) F1
Reason B35 E#54] (Swiss cheese model, SCM)[®! K MR Ay 2 i 4 B TR o & A2 B — 3 R
B, RENE RPN NRA, NIRRT TR RIE R R 224, S2Ekr, PRt
RREMZ EHERISS. Ik BB -5 B, FRESRNL R REAR S B v BT, Hh T B
REEE R, FECCAEAR. ERH BRI BRI 2B, OB E M ESBARRE T RAE A2 11 3)
SHEAELMACE. F 2R ASIEINE, RERRT MU LIFMER, 24Model 32K A A Z2Y)
&, B A Z2IE C MEER, D Z2EHKRHR, E Z23Xbit/R, F INBERX 6 M, £ 5R5%—
MRTHARNE, &P RIS BEA R IRIE RS 2o, Bl 24Model Hr@ TRBLE R T R I E £



266 Ao TRAERS LK % 38%

SNZRHE. TEHBOMTPRETEDF IR T AR, JHr &S MERIEZ RIS ERR, MRS
B A TR AT
3.2 24Model &40 R IELREYSEERE

24Model %5 i T —MMTHER, TERMFHOMTTN A AZ2YRS, B AZedifE, C MEER, D %
SEFRRGR, E B3R, F ANREZX 6 MEHMIREI T, IRIGRTITAS SR R B A7 B
HEARTEAT MY, B A M IR, B 3 JBAR T AL 23R 1 AfIn deids R ik, B ETRm
AT I RERR AT, RS AR AT, A TR
3.3 24Model BB MH

B2 RS AR, AR RRNARRRZEIF2ER. 24Model IAAHBUR ETE—THAN,
FrUXT R N AR SNER A 28 T Roar, AT T Bt M 3R AT AR S5 D B X, X2 SR
— PRI, BIHLSNTFAL AT, 24Model FZHZ AR EWCRITERLELFHIRR 2 DRI, 4 PHrE. 2
NMEHENAZHMALRE. 4 ME, AR NBE SN — KT SASHAMEEZE; A48)23m
SRR AT RE IR RN 2. SRR RERTHAE - MERBRR. ZeE R AL ESIT
B, WX, SSEANEAT, WA, B RIPEE LN, TELRAE T B R R AT H RGBS 0L, X
SEHR R S ERIBTH G ERE. & 4 &R LI A P gk [,

[ mgwmz | | zemmk |

FAk 6 =

AL EE]

K/K /R ==
LRSI =

LAERIRAE

: N 2B En

: E D o ;

El P o At =X C KRR 2 :
5 %A e 4 i [ B he ‘ v

TR A TR

i |

- s [ s

A A At - [ | [sean ]
. . ‘ BT ‘ ‘ T ‘

B 3 BHFRENPEEE URRLIE 1 A6l
B 4 AERTREIRSEIRHERLEN

FealHe & 24Model P ABTHIAZ 2INEN R LU T s B EHE, TREEE, RREHE
M—& R T, AEZHHSBRIT AU S Z230l GlE, SF) MEERERR Ut AMEAw
1R, XREX I B ALl G50, Hi %5 AT R XAk, SEIE I S B 2R AR A,
LR FBMT SRR, AT RRER, MET RO HBRREAAEZLZE N ATH, 24Model fig BB
XArE, TEHBMT)E, AW R AT AR N AT AR BG, (8 T3 TSR ki .
DL By A AT RO X RS et B AR R R AT R .

e AT 452 Z R B B RAR R A 3 T Sy R, XA, o RS
i TA8 54k, Bk aet T B, BTl TEBI SHiont, TR A B A iR, RECETE B 1E
i, I\ FRGERE A L R i i & A
3.4 24Model B9BhEH

LHLEH BT, 24Model H45 2 HIMEAE M RIEH S IE T B 50 oM, YRR 0T, 4
LU MBI S TAH R AR AL, i, S ia T, BEE RIEAIR A, AR i 2%, Uil
TR EERTERET AR AL, B IR R ITR, TS A —E NS AL ] BE 23 BR AL 53 RIBOM L 15 7t
It BB R E R HR B A L FE R G AR, B (RIEX ] bt R U T R EH LR AN
W22 2 AL AR AN ARSI E I . — BRI TR i BURBE IR SR, B R B R B A B
o, RSB A E B K A

TEMI A 24Model #47 H W 228 B TAER, TER BN AE AR, T2 KRBT, Rt
KPR XSRRE AN, TRIE RS R 21T

VER—AFIRAF T BB 22T T, 24Model XERRIEHT T 402K, A EZ LS AR
MERE. AR A A AR AN RS T BB RS, TR0 i, iRt 7 Fisr



5 134 5, %: 24Model ) RFFFHERTH 267

it i @

A N *ﬁiﬂfMﬁ
= &
P SR = [ ey = [ s
b e prea REXE{E

B 5 mhSEHEERET
PrHHERL, S5 G ARATAL, RS R AT AR TE— 2 M A 0Y, TR AT AL S St R R
KRG AT 24Model WL AUEIIEAFIRETIN 2 IS H 2R AR E BEA M LAY S ST 200, X Rt
AL H W2 B TR T SRR A, DI, RN R W Rr g ot 0 0, AT R 3
HHy HHY.

4 FTF 24Model FIZEFISR
24Model YEARA RGAHER B B RE X S 2 HUR A e IR T 2 RSy A T Re R X
A R IR R RESOCR. FIH 24Model Xt “HRITZ B SRR RIATRBIMT. DT HHa T
W2 B SRR EER S B2
A AREYE
Al BERSESR
ZARGR ToaN, BEX, METREWNS R, REMRITIRS, i 2w X%
A2 9 HZ 10 F2 [, HEIREEE, AFTE
A3 LR EIRE 5 A R @ E
A4 FEAAPLACT T SEAH DG A AN A2 T XU RN 25 26 . LR Bl oA [
A5 AN AR RN
A6 A AREE e, KUAZ AR
A7 GPS {55 RZRTRA LR
B ARLIE
Bl AHRTEGS RS T ARRE K S H R A I e, TR AR SERTHERT, M AHR Hoe JasnT, vk e
TEIB TR0 R B AR S e T It A, B2 TE
B2 fifF K B RARRE KB R B A E RS
B3 A& S BERRIAE SR ORI TR AN SR UE BT e i B R H T S st BUR 2 e Tt (R
HNE BRI TER)
B4 ARIEHZRTE 97 FUCEEAEIE BRE A SR8 E U
B5 ARIEHZEARZINEA UG TSR B AR T 8 1B B XUR 55258 B S PR AR 5 i 7] 85
B6 A EEEH R4 7 A
B7 =RECEESMT AT AT HERCBORE D, REBIENIRT 1, (A Re e Eorz, R4R%k K (E
W3 1.
AT 1997 SEHETH0EY 2
AT 2008 SR THCGEY £
T 2015 4F, ERATRMAFERA WA WEL F, R SR e 8e g KAsE, Hif
FEAR AR AR L5 BT A B M RA A T o it L
x 1 eMEeERTHE
A 1994 1997 2008 2015
FatEfER (K) 1.355 1.09 1.018 1.014




268 Ao TRAERS LK % 38%

B8 AFIZEWE I TAREZIN N GPS AR
C MrEZE
Cl A BSFERRI 22 MR, XS R KA S IR R
C2 K MR LIRS, RIBAEER IS T REFEE MR BRI E R AR
C3 AFRIEEBEREMARE
C31 KA F I AT ERAR o] RE 2B B XS K oh 45 R S B0 T RIS A SRy A
C32 ANHIIE RN 2 252 B S PR R e A A AR e 5
033 RNARE GPS /g EE:
C4 AFRVEMBRE ) BAME, Ar/EREM I K G TR, X R T AR
D Z4&EBEHFREK
D1 BPRARITFEMYA T AN & W 2 A F S
D2 ARG H M TSI BB, AT B 2 AR IH B AAEm, BT, X T CREAR
A E RSB TEE FAE)) 5 =L
D3 HERARITRAA T E IR R AL TE R GPS g B
E R&X{tHR
LLALR 32 ATCERTENSCH [33]. BRARFRAMA RN AT LU T IeE:
El ZEWERRE
E4 TEMANEENRE
E6 Ze&A = ERTHERIAIR
E7 Z&EBRANHINR
E8 Z& A EREIINIR
E10 EFENTTRENIAR
E13 2RI R
E15 ERAEREMARIAR
E32 WERES
F $NBEHEE
Fl1 %S (35 2 WEFEITEBIATE 2013 451 2014 EHLERNE, AFBAENE, FEkEs) 5
ARV E PR R H 32, FFERI TR SE BT TR
*® 2 BEEGARMATEHAZERR B

2013 2014 || 2013 2014
iaey i) 7220 JiG6 8975 AJG || FrEENGEATT  —9626 6 —9493 T
Bl AN 2758 Jigt 3315 JioT || FIMEEE —395 7T 133 776
Bl SR EE SR 2519 o 3128 Ao || “HfliE —395 At 133 775
B A 20 Jist 184 Jist || fEasm 16846 Jiot 18468 JiiG

F2 EHHMARZ, RAREA, BRES. IMERAR T M A FA EE SRR AL B RITALS & BURE
PTG AL (% 3) MIERATHOTBUN (% 4).
% 3 BB TSETEE (EHEESG)
1 2 3 4
. - R I
KA RE ks s
KTt 5565 B RN B DRI 05 BT MG AL I R B, 7 M ALy — Bk B R
TE PR R TR DU AERAT™, REER A R o S ELR M8 T E NG AR BN L
W, GPS W#HERGIEF ML, HFEFRIER, RERBURHIRDIAREE, YU TSMRRERE
U RE T XU 2 O PR e S ] R




& 13 5, %: 24Model ) RFFFHERTH 269

® 4 BERMBEES IFR~EE (MABA TR

1 2 3 4
T R
BRHCEERS  ERAIE TR ; .
E A HRET ERHARRR AT ST X A

TAKKERT TNEongR s o AR
BERNEAZE  NKERE =

RITIEH /e b OXHE g SRR T ORI EB AT IR ST B M AR 5.

TP R EEBAAIE, RITZE” RARBRLE, AR RIREBCA BAH it AR

T3 N K 1 558 R R . 05 BORF P81 Y — ik B A BUE BT ARRL 4e T AR B EIAL.
X B PRARTT R 2 Al KB RVFTIEY § A5, MR RHas “ARITZ B femt, RAERZILIL
PR 1T S RE S B A P s 18 TE XU 2 5 DA e B A5 I

AFNVERTT MK E R PR E AR A, T7 WX E KRB R 90 E G R e ik
B, RNETFRXTERAR TR A R Z 2B A, MiZARETENIEIS TR, 228 i
Mg F R R AFL

F3 SEREHEHRITHE B ZHHIAEE: SBQRHITIARM AT Z B BS RIBIE.

N T TR FHOR B A e RIR < AR SRR R, 22 AR T < B e e A

e 6 FrR.

BRELARF

B 6 FHZESBHNAERE

M\ 24Model # NBTHRA, FBOXE MRLE FEC AN EEE R R F R U BHRES KR FRTE
HIBRLER TR GEFENEE TR, RAPER X R AT AT BBk, Nz, fviA Bk
BAME, ot IR0 Z e AR DT 2 B O A NEE HARERE IR 2. YATE 8BS RS ARMAE, &
AL

M AL ah Ve A ERRIEA . RN BT BIMHC AT X — 28, SR Pl 2
TICAEH]. FBAAE AR—N R IR RS, MR F R B BF o — 307, B e s
FTH X — Ak A Fridtg S pee, A ERBRI AN G —2 12 0. NAHLUNRRZRE, Aok
AR ZEIR A WM RS ES, MRARRNEERIAL, FHIEBEMHIEN T SITAUTE SR ES,
BEMT BT MHRTE G RS MR BRARSEATA T LU EE I 18] 5 BUIRA T TR LA B RS IT 5.

M 24Model HLRIZTERMT, T AR REBLZ H WA BB 2T, (08 7 &
ALY RITRAT A RVERTHE TR, RIENFRFRMZRIRS R, R IR Em ™



270 Ao TRAERS LK % 38%

T AFAPENETREEHER, SrRITE 1997 4F, 2008 4FFT 2015 AEX AT T ZIKEGEY &, HEESE
TR R ERGEOREU D, X AR A A AE R S P RA IR W R RS R R 1 ik
1& AL E B, (R A E, AR T RS RO T IR A p e, U] S5 AR e Bt R s B
RN E, IRAARE E, MR BIBINE, B T e R I Ta); AT R AR HAE R SUROL TR
BB BERRIR SR R BUF BRI iR IR R TG, X N 2R Seiidk LR, Xy
RNLEMZS A PLZIE RN HH 22 B YU TEaE SRR A~ R BRI R & B
i, N FH L MERE, ER SR UL H R B R, AT AR E H X R SR

RITRMA R R E IR RN L 2 SUUEFTRORIG. S — LRI e i A R BRI R IR, 2
AFEE I AME S, KB BERA I RNAL 2R YRR E IEFME O SR SR T
A A ZeedhfE. Atz g AR RE S EMZ e+, BRTEMNERNRE, ZafEk
ETREFR B ERFTHEIAR, ZEBAIANR, Z2RAERRIAR, BRZ 0FTRENIAR,
ZEFVNTERBE, FEARERIAR, ZefEPiT—8dk, Mage), XERes T RET il 2 e
ScAb. FRSLAES Y SR SCIE, MR BTN, MUAT MY S AR E, GPS AR EIFL RFR k24
AR, HATH I PAT.

M 24Model B FINHIR R, RITHM AT Z BRI SRR N R R SBIOEA LR ERN. U Ly
Wi R AR AR T 2 B S TR AR R TR TE, AEUNBHE RS, 8 WE TR TS RIS EW]
HITTERE A R AL S 20T SR E AR . TR TR R TRy R B B LM A 7 BURF Y 24
H, (ERREHANE, S E R IHTIAE, FIRETAEA BTSRRI TR OL. DX ALE A bR 1
HRIT, WM SUEHTE T, MBI 2 S kAR

RI7Z BHMOR E AL B R R GURRE, SEERERIEES T AR R, BIHHEER, 445
RMAZUNFN R, XHERIFARSE PN, RASFHEEAOHE. SECCEIH ERF T
TG R SMMHC AR ZZ 23, R HHCE A WX SRR A T s M AR B, IRZ A S
Sedbll BRI RTREL, 2SR, dlb s IROCAVER R MR TR T k2. LR A SR A £l (5
T BV S R AR 22 3Cqt, R 2 Se Ay R B P BE, FEIL IR BRI E R MG A B 7 2R3
PATESZHINH B, HERA L 2R MAZ2IME X TRERITN S, ZFRE HE #rauk
BB ER T R ES S R AR RERPEE, WU — A3 LA E R IR R
F, RREFC BB FHC. Hn s m] ISR e 1 2 E KR M e, Mg BRERHET Ll 24t
I, ZIAL2HYISIEEN R T AL 2AT ARG, — RN, ALY ESMAZeNEZUE
M A SRR R A, XPEE IR REZ AT Z 420 B AR, ZETURT R H B EARE R T RBIA
SR BRI UMERIE, i\ RER FEA T AR ORI, AR R L& S UREIT RIFHTRL S

Zr LRk, DBAMORE, Sk ERBNERIZMARERMEN SR, UE T AWHER, MIHE R,
HLNR, AFUNIHR. XENZME T FREH ARG H B BRI ram. XRM, KRS RS
BER, ULSEIE— TS B R ORI A . T KBELE N T 22 TR EMRR AR A AN (&
Rrl) IEFHISCEAR]. POGIRIMSRT, AR 4G 24Model HMITEESR, 2zl th F0r s B BRAR I, LA /R TE AL
ARG HHHERIEI SRR, BRILE T FEOMT AR e WRIKHSEE, 24Model AEXTHIIMHKMAH
LNERIK S DARTMAL R, HANT 22 BANSETHT. NSISHUSRE, BRdES T
J&—4> 24Model W HIBIHIT, —RAMAES T —IREIERA; BEH H LB B TR, KRESE
JRHIRIEFN T T, 3t 24Model BIZEHMATE R A BGHE ALACE., #RVE MRS B AR SR T
AIRER SR, AERF RGBS MO AR AETH P Ry B AN RE R PR IR A et R — A e LA E
iR, i N R GUR M TR A B IR AR, BB RGL 2 SOREIUT R FRIRLS.

5 it
ASCRIE T RERIEM AR R, X 24Model W RAFFERT TR, EBELRIT:
1) 24Model & MEHEREGERIE, HERFESER THUEE. B RREEHEERIFIE 248, HiK



& 13 5, %: 24Model ) RFFFHERTH 271

JEN IR TR TR B AR

2) 24Model JERAREMRM:, SRBCHE, JRIRME, ShASMM RISV, HABAMERBUE 24Model
AueHfE, MENR, ALeys ReEMERHRK, e st KMALIMRNR 6 FHd
J§, 24Model LR L 6 MEHXT REHATRIAHNE, FHA S MR RIF A BERIER S
Z4xtE. 24Model HSCERIEFRBL N REXT S P EUR R AR B B AR AT AT, EESL A PR S
24Model HYRWMEAIL =TT . B XS GNP, AL PR MR 2R GRR R AR
& BB ARNE AT NREMARZE 2 MER —KIET R S5YE, MERR, KeB B,
T3t 4 A PrBe A NERR 22 AR S TR TR BB RRF. 24Model B3I TER
PUNMLRIREE RS AAL TIPS 16 SR IR, S MStit. 2T 24Model BEIR UERIEHEIR
WA R H R AN EE M a g BR, AR H ¥ i 28 TAREMA S G Rre ot s
T, ISFIPITHcns H A

3) MM 24Model X “AI7Z B JIATHFHGHATRGI M, BILT 24Model HPBMAYE, SCHtE, FRMEMS)
Bk ERSE, MR SR AR BN F s RSB MEN SR, B8 T AWHRER, HE R,
HAWR, HFUMRAR. REMRE, 2H HA TR SRR RS T SER LT ERIFER
HRER. RRMHRAE, 24Model REXFHFINTMAL R ELR; T ARHMALZ; HANHH L2
EEHRGHETIE . FEMRA, P 24Model FTREATRH SIS M, ST 4 RAE L
BEANIE, BAERNAE B R GRS SEHE, R R AR B i f2.

e

(1] 5. SERAFRIRE — JEEIIOT EERE M) 50 BRI, 2013,
Fu G. Safety management — A behavior-based approach to accident prevention[M]. Beijing: Science Press, 2013.

[2] Shappell S A, Wiegmann D A. A human error approach to aviation accident analysis: The human factors analysis
and classification system[M]. Farnham: Ashgate Publishing, 2012.

[3] Qureshi Z H. A review of accident modelling approaches for complex socio-technical systems[C]// Twelfth Aus-
tralian Workshop on Safety Critical Systems and Software and Safety-Related Programmable Systems, 2007:
47-59.

] 83, REA, DR, BETAT R0\ R BT R )], RIS BIERER, 2005, 15(9): 21-27.

Fu G, Lu B, Chen X Z. Behavior based model for organizational safety management[J]. China Safety Science
Journal, 2005, 15(9): 21-27.

(5] fd5t, Bochs, Makl, . T h%e “2-47 BB RHEAERT- 2BV [J]. Bk, 2013, 38(7): 1123-1129.
Fu G, Yin W T, Dong J Y, et al. Behavior-based accident causation: The “2-4”model and its safety implications
in coal mines[J]. Journal of China Coal Society, 2013, 38(7): 1123-1129.

[6] Ml BEZES, RIS, 2. AU (55 4 BO1]. SECRBIE, 2016, 2(1): 7-12.

Fu G, Fan Y X, Tong R P, et al. A universal methodology for the causation analysis of accidents (4th ed)[J].
Journal of Accident Prevention, 2016, 2(1): 7-12.

[7] Heinrich H W, Petersen D C, Roos N R. Industrial accident prevention: A safety management approach (5th
ed)[M]. New York: McGraw-Hill Companies, 1980.

[8] Reason J. Human error[M]. New York: Cambridge university press, 1990.

[9] Hollnagel E. The ETTO principle: Efficiency-thoroughness trade-off: Why things that go right sometimes go
wrong|M]. Farnham: Ashgate Publishing, 2009.

[10] i, e, BOCH. B0 AOCIBEN RIS 7). sFE LRI, 2014, 24(5): 56-61.
Fu G, Yang C, Yin W T. Research on act reasons for water flooding accident in coal mine[J]. China Safety
Science Journal, 2014, 24(5): 56-61.

(11] #FEL. B g e gL et [J]. FEHER, 2016, 42(9): 9-12.
Guo K. Research on the common unsafe action management of coal mine gas explosion accident[J]. China Coal,
2016, 42(9): 9-12.

[12] Gao Y, Fu G, Nieto A. A comparative study of gas explosion occurrences and causes in China and the United
States[J]. International Journal of Mining Reclamation & Environment, 2016, 30(4): 269-278.

(13] FRzh, M5, &, &5 B R SREIR FhEiA “2-47 B [J]. HBRkE SHR, 2016, 35(12): 1755-1758.
Kang R, Fu G, Gao P, et al. Interpretation of case of firefighers casualties with hebaviour safety “2-4” model[J].
Fire Science and Technology, 2016, 35(12): 1755-1758.



272 AETRALSEZE % 38%

[14] Fu G, Wang J, Yan M. Anatomy of Tianjin Port fire and explosion: Process and causes[]J]. Process Safety
Progress, 2016, 35(3): 216-220.

[15] Zhang S, Wang J. Analysis of South Korea Sewol Sunken Ferry Accident based on behavioral safety[J]. Journal
of Coastal Research, 2015, 73(SI): 611-613.

[16] T34 WP ZeEHPiT %S “2-4 BRIV [J]. PEEFHARML, 2014(17): 118-119.
Wang L Q. Application of behavior-based accident causation “2-4”model in safety management of coal mines[J].
China High Technology Enterprises, 2014(17): 118-119.

(17] X5 WATHUESCBBIELZ: 24 FEEARFA [J]. B, 2016(9): 46-52.
Liu M. Research on new safety management mode of urban rail transit[J]. Construction Supervision, 2016(9):
46-52.

(18] LR, T, LR, & #RIME AR Z2E ST [J]. @b 534, 2015(45): 191-193.
XuS M, YuP F, An Q, et al. The research of synergistic security management of all staff in the construction
sector[J]. Building Materials and Decoration, 2015(45): 191-193.

[19] XU, FEFGEHH (D). 2RI HFRHEAE, 2008,
Liu M H. Research on reductionism[D]. Wuhan: Huazhong University of Science and Technology, 2008.

[20] Qian X, Yu J, Dai R. A new discipline of science-the study of open complex giant system and its methodology|[J].
Journal of Systems Engineering & Electronics, 1993, 4(2): 2-12.

[21] Leveson N. Engineering a safer world: Systems thinking applied to safety[M]. Cambridge: MIT Press, 2011.

[22] Hollnagel E. FRAM, the functional resonance analysis method: Modelling complex socio-technical systems[M].
Farnham: Ashgate Publishing, 2012.

[23] ILO-OSH 2001. ILO guidelines on occupational safety and health management systems[S]. Genava: International
Labour Organization, 2001.

[24] AS/NZS 4804: 2001. Occupational health and safety management systems — General guidelines on principles,
systems and supporting techniques[S]. Sydney: Standards Australia, 2001.

[25] OHSAS 18001: 2007. Occupational health and safety management systems[S]. London: British Standards, 2007.

[26] AQ/T1093-2011. MEF- LR BHEF AR [S]. U ERELLAT HEFHERN, 2011
AQ/T1093-2011. Risk precontrol management system of safety in coal mine-specification[S]. Beijing: State
Administration of Work Safety, 2011.

[27] ANSI/AIHA/ASSE/Z10-2012. Occupational health & safety management systems[S]. Fairfax Va: American
Industrial Hygiene Association, 2012.

[28] MIL-STD-882E. System safety[S]. Washington, DC: US Department of Defense, 2012.

[29] ISO DIS 45001. Occupational health and safety management systems[S]. Geneva: International Organization for
Standardization, 2016.

[30] Mattacks K. Seeing the forest for the trees: A manager’s guide to applying systems thinking[J]. Leadership &
Organization Development Journal, 2003, 24(2): 111-112.

[31] Albee A, Battel S, Brace R, et al. Report on the loss of the Mars Polar Lander and Deep Space 2 missions[R].
Pasadena: Jet Propulsion Laboratory, 2000.

[32] E&bE “RIHZE SERMITCFEEEA “RIZE SERMICFEERY R]. 8 BERE “RIZE 5%
REUTFEEL, 2015.
The State Council Investigation Team of the Capsizing Accident of “Eastern Star” Ferry. Investigation report on
the capsizing accident of “Eastern Star” ferry[R]. Beijing: The State Council Investigation Team of the Capsizing
Accident of “Eastern Star” Ferry, 2015.

[33] 5%, fl&z, 5KIR, . FHEZRSURE KRR BOK G [J]. E%Z 2R, 2013, 23(4): 140-145.
Fu G, He DY, Zhang S, et al. Further discussions on definition of safety culture and its assessment indicators[J].
China Safety Science Journal, 2013, 23(4): 140-145.

[34] EEMLVERBEARRSE. EIRFATEMAHE [EB/OL]. [2017-4-27]. http://www.gsxt.gov.cn/corp-query-homepage.
html.
The National Enterprise Credit Information Publicity System. Chongqing Orient Steamship Company[EB/OL).
[2017-4-27]. http://www.gsxt.gov.cn/corp-query-homepage.html.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


