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Abstract: To explore the intrinsic relationships among the contributing factors of gas leakage accidents and
identify the key and root causes, this study collected 148 gas leakage accident investigation reports as textual
data. The Latent Dirichlet Allocation (LDA) model was applied for topic mining, and 18 accident causative fac-
tors were identified and summarized through literature analysis. An integrated approach combining the Decision-
Making Trial and Evaluation Laboratory (DEMATEL) and Interpretive Structural Modeling (ISM) was adopted
to plot cause-and-result diagrams of the factors and construct a multi-level hierarchical structure model. This al-
lowed for determining the causal attributes of each factor and their roles within the system, as well as clarifying
the hierarchical relationships and transmission paths among the factors. The results show that the causal factors

of gas leakage accidents exhibit a five-level hierarchical structure. Among them, inadequate safety supervision
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and insufficient implementation of safety education and training are identified as root causes, while violations of

operating procedures and failures of auxiliary equipment and facilities are the most direct surface-level causes.

A total of 11 key causal chains from root causes to surface-level factors were identified, revealing the multi-

level transmission paths among the causes of gas leakage accidents and providing clear directions for accident

prevention and control.
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T AF SR, i A T8 18] Ik R R 0 T 2 T A 1) A B
PR B A IR S O R, A A RS O BT A
NG, B E 2020 4E—2024 4 6 H AR 2 A E R
2N 3370, BT N H ok 360 AN, 0 N HUiE
2400 A BP0 EE R RS I I R AR S A T A 3
4 P 52 M) R AR K, 7 B b N B AR IR AR e T
A, AR E SR A RE B 5 RS
PR FUR A I S B R R [ P A A S T A
Moo BEHEWFREFEM, LI & iE Tk
R0 A PP A 58 ) R 5 A A5 Y 5 DL B 4R R
75 ¥ (DEMATEL-ISM—BN) Xt 3 117 48 # % <, & k¥
€Y QS IS v T T SO = e 3 €S SIS S
KF;QU Y FEWLLH MO AR A N A %, 8 A e
SRS I U R TR R MR IE A R R G &R 12 8
52 R I DR R B 5 B 95 251 I T SIF (Safety Infor-
mation Flow , SIF) 3 # £ K B 4 A DEMATEL J7 7%
VAR A 458 TIT R R KR Sl 3 BT DR 3R OGOk & O
i 52 DB S ) ]3R5 H0 A M SRS T SCAR S i X
PR S F TSR AT QB 43 i, o U T R T O I B
Rl ob I A =RV 1S V7 N SR TN = I 2
Hl PageRank 5 7% I 12 A AcciMap B ¥4 # “6+13” &
K FH WO AR 5 R 2R R E R 40, DU 1S H S0
FBE 5 1) MG A T DU T M R R A A U S O
SN G, ALY - - N -5 (WSRHD 43 #
HE B2 il 2 s R, g A 46 B DEMATEL-ISM
T3 4 M S B 1 9C B 0% R R &R 4 1) % B O A %
s F RSB TR A R FE RO O PR B
B E DR R E KK E BN R R R,
IR R B A HAEH K R

ZE b BRI S s DR T A B LR v B
137 3k R AH AT AF 78 B TR ER TR bR K R 0 &
5, BRYE SR R 42 88 0 i S M R IR o AR O3 T8
1E Kk #] 58 75 4> /i (Latent Dirichlet Allocation, LDA)
AT DEMATEL 75k, $& H“SCAR T 4 - & 8
T U 48 — E 0 B R 2R I 2R A A BT AE 2R, SR B LDA
T R AL BT S OO A R T SO $R OB S U ) B
PRI = 80, 4 THD 1 5310 A B R A s T s IR R 3R

H AT, SCA 248 5K 2 s F T A AR is s )R
TRATHOTRL B K R e TV A 2 AN U, Ak B K B
SCAAE B A ) 38 BE TR N F2 48 SC A TR 1R 1A B

2

W S R IR R = .S b N R AL I 1 S NS
WA AR MG R Fk, A0 TE
LDA =5 8R0S 8% ok I g o 2 4 35 e AR itk AT
AR 3 AR ) R A AR AR T R R R A R
% S IR S B R R &, 9F 12 F DEMATEL-ISM
T VEEAT B A BT L SR IO 1) S B DR R R
Sh P AL, B AT S O R IR RN R R T A S R AR
N B RS R R S
1 BMEMtREEEBESHRIE

ETEEZLEHMNEEARUT)E M5 Ak
2015—2024 = C A AR M BE A MR F M0 EIRE &
S0 30 Y 148 4 BRI U S WO A 4R AR N A2 IR R
Ao R WO A R SCARHEAT AL B LA g E e
SCvE] B 38 i o 4 R R R DA R R SO B O Ak B
Z G iz F LDA 3= B RS SCAR 3E 4718 kLo b, 32 X
H R AR L I SRAS R R S M, AR R
FIA GRS MR F BUR B & s R B DEMATEL J7
RIRNE S SR R & 2 R O R IF R &8
RN R EEE, AR F iR E R H
M), 4 & ISM T RBRRA MR RBEE RS
P A A B e R IE SR . i a1
B o
2 ETLDAMEHHERZRIRA
2.1 SCATAL

SR H P AL B Gk R AL EE jieba 43 iR L 45 FH A
DA R A IR SOl o Do Wi 4 1 T R A 4R 2 R 3
S AT R B SCHE SR jieba 43 1A f0 R A AR 5 S
AEBR TRy . BT FENORAERS S LA
VB, Kb, S AR 8 128 P 3R] 1) 28 a8t 47 43 9] L 3 TG ) 45 4 1]
AL A5 A R BRI R 3 E SR AT A2 B
A3 HT  DLBE G B MR B D14y . 9 dn B AE
M N RTEHE T o7 RAR S S AL BRI IR 115
B3 MR R AR T BE S B R D) B
Yy /N N B /TE /i /07 /ARG w e/ H AR/ 5
it /A B/ R B/ E DL B R e T E R /AR
SECAEML N R T T 7 R A ML X R R ok
ME B ARt R A A R R . B, 7
15 FA 1) 1) R SR Al b 38 ) 46 oy e g5 R AN R B
BT R R TR 7 A AR B



CHB A F5# Ky 2026,45(5)

Fire Science and Technology

HBAE LR

T 7B KA LS a0 SR T BRI 2= H
SCHA] St [ I R A WA Al R SR SO

I R GEAR N WAL T AS W R BN bR 3R] AR B
5% P A 35 B 3 SCm] 5 e R v R )

- N s S
(O HEAE B
Rl O o ‘@;%ﬁ
JR A AR LDA '
e Bgm ™ T wman ) Eawie ()
IR iR ¢
R
5 X s
- ~ - ~
| Ho A
! FE A FHCR P E DEMATEL .
; |E§ﬁm X —ismarpr <+ WA

1 BREMREHEHERSHRE

Fig.1 Analysis process of gas leakage accidents
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Fig. 5 Visualization results of classification of various topics and their feature words
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Fig. 6 Cause—effect diagram of contributing factors for gas

leakage accidents
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Fig. 8 Hierarchical relationship diagram of the gas leakage accident causal factors
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Table 3 Analysis of causal chains of based on ISM model
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