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Domino Effect Study of Tank Area Ignition and Explosion
Accident based on Dynamic Bayesian Network
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Abstract; A chemical storage tank area stores most of the inflammable and explosive toxic and dangerous chemi-
cals. Once leakage occurs, it will cause ignition and explosion accidents,and the consequences will be unimaginable.
Based on the dynamic Bayesian network method ,an LNG and LPG storage tank area was selected to determine the e-
volution process of the accident domino effect,the time nodes of the accident process and the influence between dif-
ferent levels. With the help of Bayesian computing software , the domino effect analysis method of dynamic Bayesian
network is proposed ,and the thermal radiation value is calculated twice. Then, the extended probability of domino ac-
cident of each storage tank in four time periods of 0 ~37.55 min,37. 55 ~47. 55 min,47.55 ~52. 55 min and
52.55 ~57.55 min was obtained by using the equipment damage probability model. Considering emergency meas-
ures for individual and multiple tanks ,different levels of confidence are set to allocate different degrees of emergency
rescue force to make the storage tank reach the safe state. Based on this, the accident probability of each accident
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storage tank at the critical moment is obtained under the condition of sufficient and limited emergency rescue force

after the initial accident. The results imply that under the condition of sufficient emergency rescue force and limited

emergency rescue force , priority should be given to taking emergency measures for the storage tank that has the grea-

test impact on the safety of the chemical industry park,which can greatly reduce the risk of ignition and explosion.
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Table 2 Parameters related to

the storage substance in the tank

s m,/ kg/ E; ../ H/
22 ﬁﬁﬂ*ﬂﬁlﬁl,&ﬁ/ﬁﬁﬁ‘ o . (kg.m—Z . s—l) (m—l) (kW'In_z) (k]-kg_l)
_ RARR IR Tl fiR DX 5 8 Lm%ﬁg* LNG/ Bz 0.141 0.136 265 35590
VRUNEHHDATHG R M TEUERE  Lome  ous oso 20 4
Ui, PRI KA RO ) R A 3B AR, TR AT
£3 T, REWIIKA T, EHRESE (kw/m’)
Table 3 The thermal radiation from the T tank to the T tank (kw/ m’)
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Ti Tl TZ T3 T5 TS T7 TS

T 0.00 33.34 12.55 33.34 21.12 10.43 10. 80 9.19

T, 33.34 0.00 33.34 21.12 33.34 21.12 9.19 10. 80

T; 12.55 33.34 0.00 10.43 21.12 33.34 10. 80 9.19

T, 33.34 21.12 10.43 0.00 33.34 12.55 26.70 18.50
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Table 4 Thermal radiation values and expansion probabilities in the first,second and third stage
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Fig.2 The second calculation of thermal
radiation received by the tank
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Table 5 The second calculation of the extended probabilities

T, T, T, T,
BRHAGESHE  65.69  67.43  57.55 52.74
¥ RAE 0.994  0.996  0.98  0.966
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Fig.3 Domino effect probability plot

based on Bayesian network
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Table 6 Domino effect probability based on temporal dynamic Bayesian networks

P(le P(Tl’TZ’ P(Tl’TZ’ P(Tl’TZ’ P(leTZ’ P(leTZ’T4’
B 8]/ min
1,,T,) T,-T,) r,,r,-r,) 1T1,,71,71,-T,)T,1,T,-T,) T,T,-T,)
0~37.55 0.786
37.55 ~47.55 0.905
47.55 ~52.55 0.873
52.55 ~57.55 0.944 0.913 0.907
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Table 7 Impact of emergency measures of tank 4 on tanks 6,7 and 8 at different confidence levels
Bx 1 2 3 4 5 6 7 8 9 10 11
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Table 8 Impact of emergency measures of tank 5 on tanks 6,7 and 8 at different confidence levels
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Fig. 4 Impact of emergency measures of tank 4 and
tank 5 on tanks 6,7 and 8 at different confidence levels
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Table 9 Confidence levels corresponding to states 1 ~ 11 of tanks 4 and 5

B 1 2 3

5 6 7 8 9 10 11

A BIEE/% 50 55 60 65
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Fig. 5 No accident expansion of storage tanks 4,5

it 4.5 RN REHBY R

H1IE 6 J& 7 VIR, (R %o f e 4 FI A% 5 REX
RIS, S MBI E—E, 1 ~ 11 AFEER
o, A 6.7 T 8 R ARRISHY TH i L) BT S Bk
HEN RIERR R, X Z 2R W TRE
FrERBE, BT E , Lok N S8R B Es
a5 , (A X Z 2 RIS

:0""‘°“~-~
/ —
140
120
2 100
% 80
o
7 60
W
& 40
290
[00 e
0 AS
5 \%’\\q‘f 30" %
T by
Een = 6 &y
?ﬁﬁqg&,ﬂ@"ﬂ S 5 P
’% RS A
ES

B 6 fEHE4 FNfifRE 5 7E 50% ~100%
BRET 4 BI% 6 6.7 F18 BYRN

Fig. 6 Effects of tanks 4 and 5 on tanks 6,7 and 8,
respectively ,at 50% ~100% confidence

4 £t

WAL RAL Tl X A 8 X A BT 4, BT
BhA UM RS AT R, A 2 K TE RO R B 6]
R AR , B S A K VR RO B AR A

AR RIS S LR A R R R R WA A, £ B DT
SRR AT, 48 H 3h A DL M- 07 I 48 2 K VR RO0E
ST REREILL T 4k

140

121 .
120 0 e )
100+

& 82

= 80H g

2 63

Y260 53

: 50

= 47 43 41 a2 42 45
40t 7 e
20+

1 2 3 4 5 6 7 8

L

9 10 11

Bl 7 ik 4 FOREEE 5 72 50% ~100% BEET
X 6.7 F 8 LR RN
Fig.7 Combined effect of tanks 4 and 5 on tanks 6,7
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