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Abstract

Various blast pressure calculation methods have been developed for predicting the explosion pressure of vapor cloud explosions. Empirical
methods include the TNT equivalent method, and multi-energy method. The multi-energy method uses a charge strength that considers
environmental factors. Although the Kinsella guideline was provided to determine the charge strength, there are limitations such as guidelines
related to ignition sources. In this study, we proposed an improved charge strength guideline, by subdividing the ignition source intensity and
expanding the type classification through literature analysis. To verify the improved charge strength guideline, and to compare it with the
result obtained using the Kinsella guideline, four vapor cloud explosion cases which could be used to estimate the actual blast pressure were
investigated. As a result, it was confirmed that the Kinsella guidelines showed an inaccurate, that is, wider pressure than the actual estimated
blast pressure. However, the improved charge strength guideline enabled the selection of the intensity of the ignition source, and more subdivided
types through the expansion of classification, hence it was possible to calculate the blast pressure relatively close to that of the actual case.
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A AAA o2 ZHE 4H] 2] FEj7} 74453 Y 1= 55tof] 231 732 9l o] Qlth(Park and Lee, 2009).
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A £ ¥ F 2/30 3l ﬂl TH e 78 F (2010)= Z7]$ Zak A1) 2 2)-8510] TNT S} habd 1}
2 Ao, dgstHA E 79 & ik S Q17 1] 2] o 2| ¥ ©] |t} EFS u|walgl on, TNT 571k shAk
S ZTITHMARSH, 2016). %e B2B7HE ek welofu A A 2] Hetat
CPRI4E(2005)«= SHE A WA sh= T 322 Q1 H-2 5 o Alat A7 LreA Tk 1) Sari(2011) = Z£7)-8- Zilo
7| Fgoln AT uE 49 LS Ut AU da tjato] HE] ol 2|3} Baker 5(1996)0] 75t BST(Baker-
L2t = A9 QS U5 S8 S dvby Strehlow-Tang)¥ ©] £} H|watg]om, HE oz o]
o7 A HS vehdoha ek S71% HEe] HUS t]2 Aslelrtal £ 54t E8E Ree 5:(2020)2 7F A Zut

1 Corresponding author:
Tel: +82-2-2049-6110; E-mail: hskim@konkuk.ac.kr
Received August 31 2021; Revised September 24 2021;
Accepted September 24 2021
©2021 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

SRR ZeE =2F HM343 M6=(2021.12) 355



71 F AR BlaLE S HE oy A of FRTF Al A

AJk) 2.8 71510 TNT 5712 ghah, Helolvi 2], BST
WS 283 AT o whE FY2 24 5H3I T LeeF Kim(2021)
AA 571 FE AR S 285k TNT 57k &Akwat
EdS AT T o = HFT &

oo, Hejou A AR 75
Ql= ZW7L T Al 4x(charge strength) A1

= AIAsFEE CPRI4E(2005) 0714

AN
et %‘Q%}Eﬁl# ks 7P°l‘:E‘Jr?l§ AABEAL glem,

ox, el
o
)

B[t

e

ol

1

)

P

2l

o

filo

1

o,

)

[

)

N

N

N
r [*]
ol
-
i
by
rok
o

TNT 5712 $HAPH & %) AT4E 050 2 chofet Mg
27 0 BAASZ AHESte] FUAZ ACRA Thaket B
=dof Histe] INT S7H< Ak & TNTS] 3945 o8
aho] %719 Fure] Beke APYsHE o, 4] (1)S 53}
o TNT 5712 Ag et

Woinr = n(A‘FJc/AHTNT) We )]

71, Wyyre TNT 571 kg), AH = FEE49 A4ad
(KI/kg), AHpp= TNT dA4A(kI/kg), W=
&(kg), n= & Al<(yield factor) o th.

ASCE(2010)0] 4= ghibel TNT 57}eFo] 7k 2t o
ako] fAfstths 7Hg ol 7123 W olekar kAN, TNT
S7FEOl ejEA 0)7] wiol F712 FHkol 28570 of
o] Atk o]of| tjsl CPRI4E(2005)+= theFet -S04
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& A2 0.02-0.3 S thoFala AR RS ZF
1 3t T) wEba] Z7]8 Zako] Zof A1

E= I/d()u(] X AH X pX ﬂ ~

12 Van den Berg(1985)7} 32

R'=Rx(E/P) "

P=PxP,

ﬁi‘”é(kJ/kg), pe A U, gl B9
RE A E|(m), R 2343} A g, B2 7] (kPa), P
2H(kPa), P& $hak o] Z91-S oju]sitl.
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Fig. 1 Multi-energy method: scaled overpressure-distance curve
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Alute] 2.0 ujgted 9l AlE Ake] Fof wh2 Fogslet At
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7¥ote BAE HAIR e = X]AstaL Stk E3, 7]E Kinsella
7ho| EetRl& ARg-8L7| o] AlFA 0| 2] Fohm ErgElet A3

7|2 Kinsella 7}o] =2kl EFA A=A 3ol =
(ignition strength), ol & A T=(obstacle), < % &=(confinement)
2] A A =™, Table 137} Ze). 53] 3341 2] 7 =1= Low(spark,
flame, hot surface)2} High(confined vented explosion) 24| -
R,

SEA|GE Qo A AFeh A1 S aLelste] Hatd A=E
A WA ZUA = A G A 7ol =ekelE Al A gkeE RR226
(2004)2 thofFet ARl o] B W AE 52 Bk A3t 7k
d H A3t A& A A sko] 3t Al of whE H 3k <]
s PO R AT o, ajdste Fs P 29l
Aot et HE, A= 75, A3 Ad 59 8%
3319t} Chen 542020)- RR226(2004) 2] A3}l 0] 7%
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Table 1 Original of kinsella guideline(Kinsella, 1993)

Category é%rnel;lgotrlll Obstacle Confinement § il;f;eh

Type* L H|N|L|H C U 1~10
1 o ) ) 7~10
2 o) ) ) 7~10
3 ) o o 5~7
4 o) o) o 5~7
5 o) o) o 4~6
6 o | o ] 4~6
7 o o ) 4~5
8 o | O ) 4~5
9 ) 9) o 3~5
10 o ©) o 2~3
11 o ) o 1~2
12 ] ) o 1

Type* N:No, L:Low, H:High, C:Confined, U:Unconfined

Table 2 Proposal of charge strength guideline

Category ;%:e:r:gtr}]l Obstacle | Confinement § rh;r;e;

Type* | L|M|H|N[L[H| Cc | U 1~10
1 O O O 10
2 O ©) ©) 8~10
3 O ) ©) 6~8
4 O ) ©) 4~6
5 o| O O 4~6
6 O| O ©) 4~5
7 O o| O 8~9
8 O ©) ©) 6~8
9 O ) ©) 5~7
10 ©) ) ©) 4~5
11 O O O 3~4
12 o o o 2~3
13 o o| O 4~6
14 ©) ©) ©) 4~5
15 ©) ) ©) 3~5
16 ©) ) ©) 2~3
17 O O O 1~2
18 ©] O ©] 1

Type* N:No, L:Low, M:Medium, H:High, C:Confined, U:Unconfined

Table 20f| A|A|8}3AT}. Akl o] E57-A4| A= Low(Weak), Medium,
High(Strong) 2 ¥-57-5] 0, s ok U =A14= A7 #9l=
712 127FA) ol A % 187hA) 2 24513l

3. 57|12 =4 x
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AA| FE FSHATE & Ate =AM AR =4
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EJof U A& B L5k, TNT S7hgo] AA1E 39 ¢
I} whARRrE O] W15 ki) vt 578 F AR
= Aol wh& AA =4 4o 27} 747 S

sl A2 A9
3.1 Case 1: Flixborough(1974)

19744 69 19 9= U =] A ¥ 2 (Flixborough, UK)o] 9]
A%t skl Al oF 30tone] AbolZ R aAL0] -EE ik,
RR1113(2017)0] ©J5H# 27]9-© oF 300m=200m -2 5|
Yo, o] teh W} ot BaHo

Y=gt ®

fﬂEH(C)i 1= 9tk CCPS(1994)
< 8317 913 TNT S7lae
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ol Felshs 1,7} oF 60.000m 0 = 343151t Hakele)
ZhE BEL JhAgE slo| Safelo Al 218 RR226(2004)S
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Table 4= A7) 74 %<k, TNT S/} SAPH(QI A, 7
AI3E ERFE A Tho| kel A gat Welof L A MMEM,

C.8.6-8) .7 A4 Ze ey,

Table 3 Application of guidelines for flixborough case

Guideline Ignition Obstacle | Confinement Charge
Type Strength Strength
Kinsella
Guideline L L ¢ 3
Proposal of
Charge H L C 6~8
Strength
Guideline

Table 4 Comparison of pressures for flixborough

Distance EPSrtel:rsI::;d TNT l6ton | MEM | MEM | MEM

(Sadeeeral, 1976) (CCPS, 1994)| (C.S.6) | (C.S.7) | (C.S.8)
A.120m | 45~55kPa 47.1kPa | 32.6kPa | 44.2kPa | 54.1kPa
B.130m | 40~55kPa 40.9kPa | 29.8kPa |40.1kPa | 45.8kPa
C.220m | 20~35kPa 17.9kPa | 16.6kPa|21.3kPa|21.3kPa
D.230m | 17~28kPa 16.8kPa | 15.8kPa |20.2kPa | 20.2kPa
E.290m | 17~20kPa 12.3kPa | 12.2kPa| 15.3kPa | 15.3kPa
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Fig. 2= Flixborough A} €] 3FAF 7| 2] tjjH] 2
HE| o U] 2| B4 ZA4(C.S.1~10)TH TNT S7}2F
9 ?J*P‘”Eﬂﬂ HEARTS o]aL Qlt}.
& AP o] AR 1) vhARRE
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3.2 Case 2: Beek(1975)

19754 1149 7¢ Yd=t= v]=3(Beek, Netherland)2] 7}A
A EHEA BB 5S5ton 02 A rdo] WAl
3}91ck. Wingerden 5(1995)0] Jahel sl 7el7|o)A
ERie ! O REX]E-2 ©F30~90m, $£0]+= ©F3~3.5m,
ol A&=(L), <5 FH(OZR 7= Tk MoSA(1976)=
22ton .2 A A5G on, HeE|ofu] & Hof| A}

337+

TNT 5712

100
- -& - Report Pressure Range

Proposal New Guideline

Original Guideline

TNT Equivalent Method

C.s.10
10

CSs9 -~

Scaled Pressure (P')

0.1

0.01

0.001
0.1 1 10

Scaled Distance (R')

100

Fig. 2 Flixborough: comparison of actual estimated pressure and
blast pressure using calculation method
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Table 5 Application of guidelines for beek case

Guideline Ignition Obstacle | Confinement Charge
Type Strength Strength
Kinsella Guideline L L C 3~5
Proposal of Charge
Sy H L 6~8
Strength Guideline ¢
Table 6 Comparison of pressures for beek(kPa)
Estimated
Point Distance Pressure TNT 2.2ton | MEM MEM
(m) | (Wingerden ef |(MoSA, 1976)| (C.S.6) | (C.S.7)
al., 1995)
M1 | 35~40 20.2~101 109.8 50.5 |84.3~101
M2 | 20~25 20.2~101 310.8 50.5 101
M3 | 40~50 60.6~70.7 70.1 46.2~50.5]64.5~84.3
M4 | 20~25 30.3~101 310.8 50.5 101
M5 | 30~35 70.7 146 50.5 101
M6 | 90~100 14.1~21.2 21.6 21.4~24 |28.7~33.8
M7 | 10~15 70.7 997 50.5 101
M8 | 15~20 >70.7 520 50.5 101
100
- -& - Report Pressure Range
Proposal New Guideline
Original Guideline
TNT Equivalent Method
10
1
a
v
3

e
=

0.01

0.001
0.1 1 10 100

Scaled Distance (R')

Fig. 3 Beek: comparison of actual estimated pressure and blast
pressure using calculation method
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Wingerden 5(1995)2] 4~3]| & =
2 415 0] 728 Fage] &) uhe AX| 4 2
BSISICH Tableo 4 38 591 TN 571 B
s A
A 0.2 AP Ees mel Fig. 3. Beek Al#2] 814}
AL 20 24 WEloU A8 B4 FA(CS.1-10)
SFTNT 57} FHAPH2 2000 & ATz AT B4E

AA| 57 S TNT 5712 FAM-S 1] ws) 2 TNT
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3.3 Case 3: Skikda(2004)

20044 19 19 2A| 2] A7) ciSkikda, A1gena)4 7k A
Al ZHE A sho] i Ao W2 LPG, 3l
HRA3eI T RR1113(2017), Oran 54(2020)0] 46—}13 A5+
2 d7| 2 SRR, 5729 952 50m o], Eol=
oF3.5m, ollE B E(H), 4 FE(C) 2 B7HE Utk TNT 5

7hegE A g2 24814 9F 21, Oran 51(2020) 2

oflyxso] dast v, = °F20,000m’ o2 =As19ict &
3191 0] 7} EH-= Chamberlain 5(2019)0] 4] £33 A1 2 A
AJgH} EA] o] RR226(2004)2 £35}0] 7]Z2] Kinsella 2 7
AgE A=Al 7ho| Eakelg 5 High= A A7 o] 7hs
e, ZFzko] 7ol =etel o] JaF .31S Ao % - Table 7
2.
Z}7ko] ZoF A ks 357 $1% A= EA] Oran
52020y oJ3f A= FRE LA
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Table 7 Application of guidelines for skikda case

i Ignition Charge
Guideline Type Strength Obstacle | Confinement Strength
Kinsella Guideline H H C 7~10
Proposal of Charge
Strength Guideline H H ¢ 10
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23 HEl o U A (MEM, C.S.10) 2. & Ak
kS Vel Fig. 4= Skikda Alg] 9] 34 A 2] o]
i

o =S
St Zeto = dEo A 54 A4S Helvk
HE| ol A& Bl al e 77 7] < Kinsella 7}o] =2FQ)

FAFEAS CST-100.2 AR, AR 37 Z o]
ABIAE B HSE Wt AL W, A4 Tpol=

- — 1
Qe HEY A9 CS100.2 shto] By 24 AT 5
onE oksta HAE W9)Y ATE A 4 ek 31, 3

flo et 30 iy rlo

A ARR)ZH0 0139l 9 elo] s AA) 37 H3t

Table 8 Comparison of pressures for skikda

Distance Estimated MEM
Damage Type (m) Pressure (C.8.10)
(Oran et dl., 2020)
Car crushed(a) <30 >505kPa >591kPa
Oil drum crushed(a) 40~50 | 202~303kPa |174.3~297kPa
Maintenance Building | ¢, 0|~ 101kpa | 78~112.8kPa
destroyed(a)
Train 5 window failure(b) | 1,000 >(.2kPa 2kPa
Only window failure(c) 2,000 >(.2kPa 0.9kPa

Note. According to extent of damage (Oran ef al., 2020)
(a) Heavy damage: < 150m(Approx.)

(b) Minor damage: < 1,000m(Approx.)

(c) Few windows damage: < 2,000m(Approx.)

100
- -# - Report Pressure Range

Proposal New Guideline

Original Guideline

10

Scaled Pressure (P')

0.1

0.01

0.001 :
0.1 1 10 100

Scaled Distance (R')

Fig. 4 Skikda: comparison of actual estimated pressure and blast
pressure using calculation method
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3.4 Case 4: BP Texas(2005)

2005 39 23 1]k B A} A (Texas City, USA) 2] 3V5H-a-4F
of| A St 5 Eo] 'S S, CSB(2007) 9] HaLA o] 9
ah 571-8-2] BHak2- 9F 8,000~10,000m* 34 = v, E ¢l 7]
of W& HofGA7F HAYsS Ao R HiuE ey H
AP S B-8517] QIR TINT S7HEES AAR 232 glem
FAIR(2005)= HE]o| Y= 2] V, & OF9400m’ 02 =43}
Atk Ao o] A= AWARE 7ho| =Rkl ol A= Medium©]
A9k 7] Kinsella 7}o] E21Q1S 2488 79 Low= #-57-5
t}. E3T, CSB(2007)0] &J3tH Fof&E A =(L)et ¥ 114 3
H(U)E AAstelen, 2k2e] 7ol =kl ARG A9 9
3F 9912 Table 99} 7},

9P AW S 55 fIRE A== FAIR(2005),
CSB(2007)9] A2 L35 9 ] 9] &4F B4 o A
EfolE A-8q AA| =4 ZU4S AHE-SHeTh

Table 10-2 FAIR(2005), CSB(2007) Z}= 2 4] 67]2] A 2]
AR 527 Fd N AR T A 7ol EefelE 285
of EOJHARH(MEM, C.S4~5) 02 A e 2o veh
Ak

Table 9 Application of guidelines for BP Texas case

- Ignition Charge
Guideline Type Strength Obstacle | Confinement Strength
Kinsella Guideline L L U 2~3
Proposal of Charge
g M L 4~5
Strength Guideline u
Table 10 Comparison of pressures for BP Texas
Distance Estimated Pressure MEM MEM
(m) (FAIR, 2005) (CS4) (CS.5)
(CSB, 2007) o o
50~60 13.78kPa 7.5~8.9kPa 13.5~16.2kPa
80~108 6.89kPa 4.2~5.6kPa 7.6~10.2kPa
117 5.17kPa 3.9kPa 7kPa
163 3.45kPa 2.8kPa SkPa
295 1.72kPa 1.5kPa 2.8kPa
661 0.69kPa 0.7kPa 1.3kPa
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Fig. 5 BP texas: comparison of actual estimated pressure and blast
pressure using calculation method
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