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Fig. 1 Safety risk early warning evaluation index system



5

BB, T IAHP FIBOHIZES IR B4 22 4 UG U R G0 oT <111 -

FEHGE I BRI, LA 51595 Bl R 47 26 £ e 45 1
FH A2 A B AP 26 R A TR AT AL R B =
VRGBT,

)RR 95 s i M iR 1Y
LR MR R R 3R A b 2 N3 ) 2R 558 4 4 XU
IKF7= A Y BEE RZ R 4328 3 4 s OZE A1
78w AR (P R A N s I K S TR uE
23 A B i AT R e i SR A s @R L I3 R B
AR, 32 BN RAELK F L, 0 7 6 IR R
IR WP AR e R A 2 i O3 i LA fa bk
B, G Zad Ml 2 A VA AR B LA 15 R 5
GOK- 38w AR IR 5 =05 L 2 TP LAY
G H Al AR 22 4 BRER T 2L /N AL, o
LEC PF#r 2 (likelihood , 25 #% & A= 1 7] fE 4 ; expo-
sure , N\ b1 Z& % T B P45 b B9 01 SR JEE 5 eriticality
— B R T R A S R ) 1 X T A G A
AP FREE R fE B IR BE AT 2 A A5 I g fa 1
SEE L RIVRH RN 42 T i 1) v S 15 DL 25545 87 “hy 37 i [
EEN[EA R =7 O

() ZREHMHNE LEEARREHRHZ 4
DRV, F30 B =8 e A B E BT | AR SR U A &R
i 6 NI BeEE R AR I Fabn . O & 245
S, LA BRI T 52413 B S AR A5 0 P A 7%
AT s QIR BV TG O, %o 42 4t 7 B A
JER R MPATE R HTIEN ; @ L 2R A PATIEN,
AL HEG A5 GG 114) 58 5 R s R 3 e 52 R P
WA BTG 58 X 2 A TR A BRI PA T A 4l
FHIEHILAE 2 P s O B A SUR K-, il 1
Lo TAEES A P kA REREOT M ©4% 235
YIFE SO, LA & e L% 2 80F MG gl
ITJRAG LA T %2
1.2 EERMERNES T

BIEATE AR A AR L Y 50 iz
X2 R AT (IAHP) 8 E F5ARAE . A T2
WArHT: (AHP) | X A2 R S BTk 276 7% 08 1 5%t
[] — B3R L VAL G5 R 1 22 Sk, TE AR T 1 By B
T DX T 0K i B B DL X8 A s oG A o )
A A 4 T b A 2% 1S 8 B 1) S e R B O kDX [ H)
WA R

S VR DX ] £ o R 5 B 4 ) HIAS ] X B e
SE RGN 1 ~9 FRBEE™) il i % IR i Ak
TERCHIRIAE R . DX I e 1 ORI R B2 S R
S W W ORI PE AN E 7 . B> TAHP TR0

FRERAL LS 1. 1 0l 2 A A FUE 5 4 1
RIZUAE T, DR A% A A5 BRR T fll % 4R,
KT B AR T T, B4 R AR AR
HEF TAHP AT 507 2 o 00 X ] AR 3 ( TEM)
AT, AT T

R A TN o JoRIGER A4, 5
ShRA TR, A = (a,),,, H—BHEX

R a, = [a; ) JHoa, == [0 e

)
aij a

y
A" =(a)) ., WWA=[A" A" ], [FEEXS T IX[A][a]
Hx=(x,x,,,x,), WHEEx =[x ,x ], ic
xT = (a7 xg e x )t = (xS e ) A
x=[x",x"],
F11~9 bR
Table 1 1 -9 scale method
{73 P

1 TohR A, SHE0R A AR LL , BT AR IR o2

3 TRBR A STRER A AL, g R o o
5 805 A, SGE8HR A AL, TR I g o 2L
7
9

AR A SRR A EL, BT 5 2
B A, STEAR AR L, SR AR i o 2
2,4,6,8 TEHR A SRR AR, b IR AT AT 7 ¢ v i
Va;  $8b5 A, 51865 AARLE, FIWHER o WA 1/a; =a;

1) LAENZ o 4 A — G Ar 4 510 A XU 39
S H Bp 1) B LA X AT, I 2 R,

B DX 4 DRI R o o 45 PR 2 04 T BN B - fi
PIASE(ERERE A VAT 20 B A 0 DB 4
PRI . SRAS— G AR X (] L PR DB A 4
AR B KRR 50 A =4.773 6 FT A =
3. 615 3 ;W DU J2 DX A1 4] W R o B KRR A ABD X iz 7Y
15y 2 B R AE [ 2 0 — b, 75 31 x7 = (0.265 6,
0.1557,0.098 3,0.480 4)" F1 x; = (0.2570,0.153 4,
0.1010,0.4886)",

AT AT A () F(2) 153 X TRRHAE
A 2% E=0.9328 m=1.049 3, Hd bk m &
WiE 0 <kx| <mx," BYEIRIESCEL,

(1)

(2)

RA W =[kx; ,ma;” 1155 w, =[0.2397,0.27877,



- 112 -

R TR A2 (A RBRAR)

2020 4F

w, =[0.1430,0.1633 ], w, = [0.0942,0.103 1], w, =
[0.4557,0. 504 1 ] FAXFE ) 3t ) 4 AR DX R)

2) DX TA)H AR B 1) — SRR A 95, TAHP B A% 58
JSE AHP B9—EiFs m&rémzrﬁw L I T 71X
(] TR R ) — B, el i A (3)
SRAS DX [H) I I B e KARFAEAR A, PRAR B — Bk
g A (4) SR8 —RAGFr 1 — M R CR =
0.0728 <0. 1, 2 —F 2R, Hrp A y—F kX ]
FEFE  CR N—30E FL 3R, €1 S — Bk F8 bR, RI Bl
Pl—EtEdEdn, S — oA S R, T kAT B I
ELEI R — SRR

(m(A,),r) o HH m(A,) R —GAR AR A XA
it , 8 m(A) = (k) +ma" ) /257, EAEAG T
AHEM, A ry=m(A) —kx,

(m(A;),r) 0.2613,0.0215
(m(A4,),r,) 0.1545,0.0114

w, = =
" (m(Ay) ) |1 0.0997,0.005 4
(m(A,),r) 0.4845,0.028 7

—WEBL T, m (A,) BEUE K /NI A N 4 b
(ACER A/, H I ] T Al 2 4 XU PF-f — R F6
() H M MAE AR R A AN BRI 0.261 3 110 A
£ 0.154 5 FHBEHEK 0.099 7 ML EHAR

. (Aw)i . I _
S (3)  0.4845, [H, WTRAG 4 — g bR F S8 bR 0
i=1 i
A FCEAE m (A,) , F-5 HE R A 2 AL m(A,)
CR_E ngqzi—l)d) 1 (4) FRFE, AT AR G da bk H AR 2 2R G PF AL E K
7N
3K E R A B, B = DRI
F2 e DX ] R B A
Table 2 First-level indicator interval judgment matrix and weight
TR ABGUHZE u, YR E u, R E uy GREMHEE u, E W
ANBHE u, [1,1] [2,3] [2,3] [1/3,1/2] 0.267 8
W E u, [1/3,1/2] [1,1] [2,3] [1/4,1/3] 0.1542
WERE u, [1/3,1/2] [1/3,1/2] [1,1] [1/4,1/3] 0.097 8
BLEMHE u, [2,3] [3,4] [3,4] [1,1] 0.4799
23 G RETUEEAN P bR A R AE
Table 3 Weight rankings of risk indexes for the safety risk early-warning evaluation system
HENUJZE (— 25 bR AR (i) LAY
2 i i PR 5 R s
AU PR A AU PR G
wyy VEME B3 B3 B 43155 1L RN 4 NG A AR5 0.0352
up VB A R B KT NRBE Ak A Bt =3 & A 4 0.0998
ABEZE o . e
AR 02003 e s g AR AR A 0.0587
uy, B G BURIH KT EHN B A TAER IR 7% 0.0676
uyy A TR f b 16 B IR R A L 0.0401
w, YWHHEHE  0.1545 uy, WRLEBITKT R AP R LD G 0. 0866
T o e e s N 1)1 N %%Pﬂﬂ%ﬁ B e B bR iR ] AR 0.0278
2L R4S uy LR A VEFR BT IR S Ko B i B S W A 0.0397
WA ZR U uy BEEHER 0.0997  uy, MM B IR ERARDL fﬁHB TR R W 7 R 5 ) 48 4 0.0252
gy YT A S 1 1 4 4 Y i b 2 PN AR B Y FE IS S GUK T 0.0348
wy BT %Fﬁ;«ﬁif‘ AT TR 0.0885
gy BA P VR B R R S PAT A LA 0.1115
S AMTIHE 0. 4845 Uy TR AT %ﬁﬁ%ﬁﬁ;u&%ﬁ%ﬁ?&ﬂ&mﬂi% 0.0984
! REEs gy TR AP ARG B TR PR T T AT B 0.0724
uys BN H LUK KT LTS B N kG 3de 5k 0.0679
uye TATSEYIANE 15 Bl SEM R LR A ) TR S S R 0.0458




5

BB, T IAHP FIBOHIZES IR B4 22 4 UG U R G0 oT <113 -

1.3 ZE&HH

WA L GV o345 Wiz FIBORI 25 & e Bridi i ]
AR TSR E . — AR bRy 2R B 5]
AR 2 AR R E Wi E ARG
HZE, A8 hR b DL 4 B3 i B2 V5 58 N B 4 g
KOV B ERGAE L A % As AT K B s ATl )
TSI Ok 2B RS PR, BT o L6158 1B R 1Y
48.48% ., v AN XU PRI F—28 4 A e L B o
TSN D0 5 B G R A i e s AR, 2
11.15% . 25 LTl FEN-HL-FFE= R g, “ N7
YRR RGN F Ak, A B B AR K AN i 2 1,
“N'ERHZEEREEZMANR A SR EZR D
()R S XUBSE 52 ) R 7, 5 22 A L R G rp <« PR 58
Y A R 2 A Al R Bl AT 2 22 B AR B Y & R
T HRIEETE TR Al % 3k 17 15 22 4245 KT
B RS 4 T it A LR ) 2 ] RSP A i 2
A e 4 AU T A4S 4 B8 7, ik = S XU R 1
W T AL DBAT

2 e N TR O R AL Gy A 2

BB 25 G PP v s ORI A T AXT 2 2
K2R RGRHE ST SARPE R I —Fh o PR it
MG P I EE RESE X Al e 4 AU 71T
W brAR 2 H i S 00 R UL DA 5 bR R4 T AR
ik
2.1 MEEEE

IR Al 22 4 XU PEA 1A 2 o 4 [ 2 G 25 ) 4 fie
BT | A7 g 5 1 s = A 1 PN [ ) PR g

U=iu ,u,,u;,u,t (5)

w, = {uy,,u,, e u, (6)
Arbu, (i =1,2,3,4) N5 L4 KK P — 2%
FEbR,u, (j=1,2, - nyn A—GRIEVR TS 908
BRI E0) S ZRAE A8 AR, & — DA AR 1Y 5
-

2.2 HENEE

R A & T A2 R SR R AN R
(1), R RE u, BB IAUE w,(i=1,2,3,
4)  HBHA AR RAEE W RHHEERE U EW
BRI 4R

W=iw, ,w,,w,,w,| (7)

w.o={w, Wy, ,w,, | (8)

m

S B w, B JHSRE H AR U R

RS EAR A 25 S P AL w0, (j =1,2, -,
mym e — PRI I AR PRANE) S P AR FRAL
FAH, 2 T — PR A,
2.3 WETME

PP 45 J2 X PF 40 6T 52 1T e 450 F 40 45 SR 1 4R
Ho WIEL 2N ZER N ICAE NN K
IR, 28 UV S 048 1A

V="{v,0,,v5,0,,0s} =15,4,3,2,1} (9)

Hop AR bR e RS AR I 9 2
[ Ah T RO 1 53 AR | BESE XS S RS 1) 43
AR AR | 75 2 ) S JE R BOR A7 e 4
B RV 2 RS 5 BEPE I S 9 F e 2R
GYR S G RN 1 ~5 SRR AL, LR 4,

F4 T EARRE E A

Table 4  Evaluation index membership degree subset

T4 RS WMOME | TEINE ZeRE PR
) EHTE 5 v, HALTE 2
v WEBSE 4 vs NG 1
vy AR 3

2.4 HHEETH
HORIT A R I 4 T 2 AT A 25 ]
BT, BRI R 25 M TR B G, SHE bR AR
R BT o, JEAT BT, LA
HOX T AT TE 2 0, ISR (A REPERLEE ) 1,y
M, BRI R R, = (rpy ooy (= 1,2,
3,457 21,2, mym J— SR I SRR A
) S LR ORI LA R
R =] : | (10)
(1) BEAT— SO 25 5y, 3 AT 78
WIS T PRI R, 51 AU S w, I, T 74
) G AR I 247 1925 A AR B,
B, =w,°R,=(b,,b,, " ,bs) (11)
(2) "I AR, LL— T 3
il SR 75 RIS AT
B=W-B,=(b,,b,, " ,bs) (12)
HRAR AR B 1 B ST SN, UK b (LA
HARARLE I p IR A BEK ] | R SRR ATA 2

GrH



114 - R TR A2 (A RBRAR)

2020 4F

P=Bop (13)
(3) XU TIPS i e, HR R JXURS: 7T i S 20
fER L | B AR A R e T 5 A

PUEFG(FR5) . AR 7380 P 3l E B 2 e A
55 T8 25 4 I MR A0 52 P 0 SR JBORL JE 17 XL 90 9%
ftiite

®5 KR HUESEH
Table 5 Risk warning levels

P WS WEER {9

DRSS 486 3 2 T %o 5

PSR B2 45, IR Shal B, 75 A LAl T e U e il 2, 1 22 e AR AR BR Bory
DRSS 42 A T 45230 B N A e R el

PR AR IR ELME L] 5 SRS € 150 | e F ) DA 5% L VRl A T X A A o T s
AR, MU P A T 2K R AR AR

DR KR FLBERE ), Sl 8 (B0, o 152 AR JR ATl 365 30, I Jre IXUR e A A ik, B = R
FIEIAR 0K KBSt 76 7] 12 32 K I A RE AR e Al

JRUBSE KV —Jie FLAE AR T4 i 8 i (0 T | AT A — s 2 1 B0 47 8 i T Ak e, 1) e B A

P <60 &) | AR L)

IR K B ELAR T T3 ARES AR B, IR TAR , BUA N R GRS R e i, 5 et

60<P <70 Loy | Rt
70<P <80 i m H (o
80<P <90 BAG v i)

) { FAARR XU 28 P 1232 7K F
90<P <100 i \Y sha

3 LA

3.1 RZFRR

1) T 5% 104 22 S0 110 44 i L B = il 38k PR 3
V& S ARG TS B 40 BRI SR ELS | H AR 2
PRI RGTLI R Gl KRR ST Rk,
Horp 7= R G R RRR— o i A A R it n B
A HEEE B A FLEER A, KB Al /N B AR Y 7R Mk 30
SRl LIAE TR 4,

2) ARFEFE AR ] AL AN S A IR, F8 A K s
PR G T IS /ARFE A 77 B © A W 1E B 4ot R
18 EEEE DR AL D AR A AT A B
N UALFE S R N B, B DL B A i
7 RGBT LTI

3) PEMT R ARG R PN E B AR AR, T FO IR AR
KARMEMIELE GV & DRI SR 456 L PR IE i
ZRA ST IR R AL
3.2 RZFSEH

TEHNI 58 1828 4 A 7 R AEAL PTAk A SE AL I T
Al U3 FIAE M B0 37 33 4722 4 U PR PPAG 5 5
e, ARG IEANE ST . IFIVE L 2 45 i 7E
HY A [ GBS S R — 9%, By U4 B RBHH A G i
BCikdH 3 DPEHA M, 4G FEW T2 A PHAHK 3
N30 ML TN, 52053 58 4 JE AR A (0 35 U7 T
5%

AT 10 NS PPA /N, S B R HR A 4
PEE Mg N PEHK 2 TN

1) BIZE GV

PANGIH R u, PEM I N BB O w, 36
RV A, PEAT N AR 3 3R 2 PEHNZFE AR 2 4
ARAS R AR f) (0] S5 07 8 A, YT RIAE ML 25K
513 N FRRIE B, R FR R 2 A G
LA, [ A5 0 B T < 67 22 HE B A BB IR A7 78
It I BE BB A I 4, T F I S A e AR
AP TE RN BN G Ol ARTE LR 46, PEH 4 &
FMHEMEERANT K w, IEF A LRSI
Gl s PN L AR 0. 1,87 Nk u, Lt
BAFE R, N 4, F/ 2 NN L RS —
e, P43 43 B ATAS u,, BB = R, = (0.1,
0.7,0.2,0,0),

A3, SRAGF— AR PR 25 5 VPN &5

B, =w, R, = (0.1484,0.5527,0.2989,0,0)

AL G 3] w, 7545 KU 55 9 1) S i i
B, = (0.1484,0.5527,0.2989,0,0) , [ n] f§—2%
FEAR w, uy cu, WERGTVENSE B, ~ B, 575 NB, =
(0.2380,0.4900,0.2360,0.0920,0) ,B, = (0.559 9,
0.0901,0.3500,0,0),B, = (0.2365,0.3544,0.307 1,
0.1019,0.0183) , FEULIEAN I, FE1 T — B ZE &
PN A B 2 2 U ZERTEMEE B =W o
B = (0.241,0. 395,0.292,0. 062,0. 008 ) ,



%55 1 5]

WAL, BT TAHP AR5 A T A Aol 22 4 XU T R Se ot <115 -

2) A NS PR S5

AR (13) 3B L 2 XG55 TR P~ =
Bop =77.85, [A#, LR P* =87.83,

DS AG1] Al BN T Al ) DT RIAE B 7
AW E 2T TN 15 5 . P = (77.85 +
87.83)/2 =82. 84,

3.3 EMERSH

MG 5, LB 7= R GAE % 227 R
B PEO A5 82. 84 43, b T A IR XURS: IX 38k, Ay IV 4%
WEETUESER, RAIREZE G P, — SR bn U
A BRI O 2 E PR R AR E R WE R
IEZS S e WARE el W N 150 G < S S )
REMNER, bW E R ekl 55 S
() Sl | 5 AT il % ST RN e ) T 5 5 AR N B XL
(giS e RS S A S QU (N W NAE A5 DA K= EL DN
P BURE K s FEY A 2 5 T B 2 AR
R A AT AR AN W 0N 2 38 3k 5e % 7%
SER A IBAT R R RS 7K T 120 M AT s 5 TR
RERG VAL KR B AL, T G KA A XS 2 7 i) fig
Sy a3 =1 IS o o Ol s VT I S % e N [ B
RO TR AL ZOE F IS S A AT Y
TS, ANl JE B B LA K A HIL A R T By
LN BRI T, B R R B A B R

HR A5 2R GE N 58 152 A AL TP LA ST o %
ML SR, IR A A X B N R IR, TR 5
52 AR 45 R — 30, KU K- 5 S BRI L
AT

4 Hip

(1) 75 A Ml 22 4 A7 A 8 R0 XU 23 BT ) 6 il
b BET R RGBT - - B O — 2
RPN B RR R xR R h 4 H>—2%
RPN 16 D " HARAR AN, 15 AR A& BEYE I
SR B4 DX TR SRR o3 M7 1 4 P AR, BRI T A
ERES:EATE

(2) K[aZ WA i S 2R G A S &
Syl 2 A RS U SR AL TR M E A Tk
SR A M 4 RS U PRAN 2R GEWT 5T B b TE
RGP FEEE R 5 LB AW & Bl T A3
JIrfe 2 Gy S LA ] B

AR SCRIESE BE RRAE A KU VT PO R G

Sy BT SR 25 G O AN O i, M Al 22 4 KL
B PEAN AR | T 22 4 XU DA T2 48 b 2R 48 1Y 2 IR
SRR B A 22 AN T RS 23 A1 B8 2 A i
AR R E R AT BRI, 78 R R 75 B A IR
AT e

SE 3Lk

[1] ENGLE R F, BOLERSLEV T. Modelling the persistence
of conditional variances [ J ]. Econometric Reviews,
1986, 5(1): 1 -50.

[2] RATHNAYAKA S, KHAN F, AMAYOTTE P, et al. Ac-
cident modeling and risk assessment framework for safety
critical decision-making: application to deepwater drilling
operation [ J]. Proceedings of the Institution of Mechani-
cal Engineers, 2013, 227(1) . 86 - 105.

[3] HUANG D M, CHANG X K, LIU Y J, et al. Design of
early-warning system model for gas explosion[ J]. Applied
Mechanics and Materials, 2012, 121 — 126 2643 —2647.

(4] k=, L, Ex4. B TERMIS RSl %

IR AR A RS R H[T]. ER K254k,
2019, 42(12) : 99 - 110.
ZHANG L, XU J, WANG K Q. Build and application of
safety evaluation indexes system for coal gasification en-
terprises based on fuzzy theory [ J]. Journal of Chongging
University, 2019, 42(12): 99 —110. (in Chinese)

[5] M@, BREE. 5 RAE R I AU T AR BT 5T
(1], HEZREREAEOR, 2010, 6(2) ;44 -50.
SUN J F, CHEN G H. Research on pre-warning technol-
ogy for accidents risk of major hazards [ J]. Journal of
Safety Science and Technology, 2010, 6(2) . 44 - 50.
(in Chinese)

(6] M. IR B 22 4 KUK TV PP R Z A0 L F

FELT). ER AR REOR ) 2014, 10(5) 129 -
133.
TAN W F. Study on construction of early-warning and
evaluation system for public fire safety risk in city[J].
Journal of Safety Science and Technology, 2014, 10(5) .
129 - 133. (in Chinese)

(7] BAM, Fx, Fl, 55 AT AR IR 1
B PRI S 1], b E LR R, 2010, 20
(3): 156 - 160.

XUD C, LUO Y, LU C, et al. Warning ranking for
blowout risk of down hole operation [ J]. China Safety
Science Journal, 2010, 20 (3): 156 — 160. (in Chi-

nese )



- 116 - b TRZE 2= ( H AR IR) 2020 4E
[8] FXZERI, BRI, T8 A 2 42 XU T A TP A 7Y 230. (in Chinese)

(9]

[10]

[11

[12]

[13

[14]

[J]. REHT K224, 2009, 40(4) ; 365 —368.
ZHAO X G, WEI L. The math ematical model of road
traffic security risk forewarning[ J]. Journal of Taiyuan
University of Technology, 2009, 40(4) : 365 —368. (in
Chinese )

WRIEWS, o, SRTT &, & Mkl AR 7 S sUxU R
BUESETATTE [ J]. Tl 4530, 2015, 41(12)
52 -55.

CHEN M L, HOU Q, WU K F, et al. Study on risk early
warning index for iron and steel enterprises accidents
[1].
2015, 41 (12): 52 -55. (in Chinese)

M3, P ST RB IS B LY kAT IX
W PEN (V] K H B, 2018, 18(5)
1730 - 1736.

XIAO Q, LUO F. On the safety risk assessment of the

Industrial Safety and Environmental Protection,

airport flight area based on the catastrophe theory and
fuzzy set [ J]. Journal of Safety and Environment, 2018,
18(5): 1730 —1736. (in Chinese)
] B, Weipk, weRk, A5 SR TROMIZES IR Y
SR A WO 2R = 7 R R BT REERTSE (], R
GARFFEEM, 2010, 20(8) : 165 - 169.
XUTL, YAOA L, JIANG HY, et al. Study on failure
possibility of third-party damage to the urban gas pipeline
network based on fuzzy comprehensive evaluation [ J].
China Safety Science Journal, 2010, 20(8) : 165 - 169.
(in Chinese)
JEC. R AR AR IR R R A R TR R G
MR )], PR, 2016, 31(4): 139 - 143.
YAN J. Construction of work safety early warning system
based on work safety standardization system[]J]. Shanxi
Science and Technology, 2016, 31(4) . 139 - 143. (in
Chinese )
] AL RETRY . AWUERRRAICRCN]. %
247, 2014-10-16.
PENG R H. Ergonomics: human-machine environment
science matching [ N]. China Work Safety Report, 2014-
10-16. (in Chinese)
BV, AR ARUEAL SO A RS BUA R AL 24
PR BRAE )], P EBME R, 2017(1) .
230.
LV Y. The positive role of work safety standardization and
occupational health management system in work safety

management [ J ]. China Venture Capital, 2017 (1)

[15]

[16]

[17]

(18]

[19]

(20]

BT, s, LR TRl T4 A R P 4
PRI T]. PAMRLSR, 2017 (11): 101 -
102.

LI X C, HE T T. Construction of risk evaluation index
system for construction safety of construction and installa-
tion engineering [ J]. Chinese and Foreign Entrepre-
neurs, 2017(11); 101 —102. (in Chinese)

P r, Biahe. WS Zaifm (M), st 1
Tl i ikt 2009.

LUO Y, FAN Y X. Risk analysis and safety valuation
[M]. Beijing: Chemical Industry Press, 2009. (in Chi-
nese )

I, B, Bk, . DL R Rl a A O
W2 B W O LMo (], Tk % 4 5 3R AR,
2014, 40(5): 59 -62, 4.

CUI W, LUO Y, ZENG Z, et al. The study of ranking
methods of the typical accidents risks of machinery and
electronic special equipment for early-warning and pre-
controlling [ J]. Industrial Safety and Environmental Pro-
tection, 2014, 40(5): 59 =62, 4. (in Chinese)

FEZE, M. LEC XU PP kst 5[ C] 7/
s, PEER AR RS (R LE) —
TR S22 2017 AR RAE SR SCARSR 8 . ity : v
I 23, 2017 329 - 334,

TANG J, SI S B. Improvement and application of the
LEC risk assessment method[ C] // China Nuclear Socie-
ty. Progress Report on Nuclear Science and Technology in
China (5)—Proceedings of the 2017 Annual Conference
of the Chinese Nuclear Society, Vol 8. Weihai: Chinese
Nuclear Society, 2017 ; 329 —334. (in Chinese)

Jal%, BAERN. T DX IRLZE UMk 68 4 T BT K B
ML) PR R, 2011, 21(12)
58 - 63.

ZHOU Y, ZHAO X G. Safety assessment for fire and ex-
plosion of petroleum depot based on TAHP [ J]. China
Safety Science Journal, 2011, 21 (12): 58 — 63. (in
Chinese)

W, SEOGIE. Al 22 4t 7 AU T E 5T £ 0
[J]. A SHER, 2014, 14(4) : 123 -129.
YANG T, DANG G Y. Research advance review on the
early-warning system for production safety in the enterpri-
ses[ J].
(4): 123 -129. (in Chinese)

Journal of Safety and Environment, 2014, 14



555 1 B ORES. FET TAHP FUBORIZE A PR A Al 22 40 XU T4 R G ST <117 -

An enterprise safety risk early warning system based on
an interval analytic hierarchy process (IAHP) and
fuzzy comprehensive evaluation

XIAO Yao ZHANG DongSheng® DONG BoKai

(School of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract ; In order to provide early waring of effectively control and enterprise production safety risks, this work de-
termines the safety risk early-warning evaluation indicators based on theoretical research and the safety management
system of the enterprise. It adopts the interval analytic hierarchy process (IAHP) to calculate the weight of the in-
dicators and determine the key issues in early-warning monitoring. The fuzzy comprehensive evaluation method is
used to construct a safety risk early-warning evaluation model and suggestions for risk assessment of the production
site. The results show that: the interval analytic hierarchy process and fuzzy comprehensive evaluation method can
better evaluate the safety risk of the production site and that the risk early warning system can realize a quantitative
assessment of enterprise safety risk, and determine the risk early warning level. The results of the case analysis are
in good agreement with the actual situation. Thus the risk early warning system can provide guidance for the man-
agement and control of enterprise safety risk levels.

Key words: production safety; risk early warning; interval analytic hierarchy process (IAHP)
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