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Abstract

The internal pressure is a critical parameter for designing a pressure vessel. The static pressure that a pressure vessel must
withstand is usually determined according to the various codes and standards with simple formula or numerical simulations
considering the geometric parameters such as diameter and thickness of a vessel. However, there is no specific codes or technical
standards we can use practically for designing of pressure vessels which have to endure the detonation pressure. Detonation pressure
is a kind of dynamic pressure which causes an impulsive pressure on the vessel wall in a extremely short time duration. In addition,
it is known that the magnitude of reflected pressure at the vessel wall due to the explosion can be over twice the incident pressure.
Therefore, if we only consider the reflected pressure, the design of the pressure vessel can be too conservative from the economical
point of view. In this study, we suggest a practical method to evaluate the magnitude of maximum allowable pressure that the
pressure vessel can withstand against the detonation inside a vessel. As an example to validate the proposed method, we consider
the pressure vessel containing hydrogen gas.
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Fig. 1 Typical blast load history
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wf < 0.4: Impulsive(blast) loading regime
0.4< wd <40 : Dynamic loading regime (7

wh>40: Quasi-static regime
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Fig. 2 Comparision of radial displacement of vessel
wall with variation of duration time(9)
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Fig. 3 Effects of duration time on the blast load
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Table 1 Specification and material properties of pressure

vessel
Material(stainless steel) ASTM A-240(TP 316L)
Radius, R, (mm) 353
Thickness, #, (mm) 20
Young's modulus, £, (GPa) 193
Density, p, (kg/m?) 8000
Yield stress, o,, (MPa) 170
Tensile stress, o, (MPa) 485
Allowable stress, S, (MPa) 115.6

238 EEMAMTREES =2F H31H H55(2018.10)

‘jl:r o2 GeH7] o] duk
= Hoote AL 44 &

whebA OL:rLf’ﬂ 1 7FAA 7ke] %2 ol /‘J o}
TNT9] o2 ksl= TNT (trinitrotoluene) 3= ©]
sto] s Al S gt TNTE Y-S = 2AP s+ (US
army technical manual TM5-1300)¢] 7]AjE o] e
0 G4k Ao gt gl Zdk 13| oSl FE AMEEL
AHCrowl, 1969). TNTS] 7%, Z& Ale] Zukglz oy}
Fk o A] Fo] FE EA4o] wWigh Ao s dAle]
4 Elo] 9lo] TNTe| ZLEQE A= v} a1 &8 2/dulo|
upet Tbe S ol 4 7] el oheket 7t
FEERS 78 5 dvkes Aol )

4 (8)% 2t}

w oo rr

WX MXE,
WTNTzi (8)

EI?, TNT

o714,
Wz TNT equivalent(kg)
1 - Explosion yield factor(using 0.5 for closed loop)
M: Flammable gas amount(kg)
E.: Combustion heat caused by explosion material
=28671.13kcal/kg(NIST)
E, rnr- Combustion heat of TNT =1120kcal/kg

21 (8)ol whe}t 47k~ 0.04kedll ddshs TNTS <
0.5kgo 2 ALttt M3k vie} o] LS-Dynaw 324
o]Ad< ¢dl CONWEP(conventional weapon)WH
skal 9lal o] Wuldh THAE S Faf d sl

“AIZE ol S wiR e R JhdE AP 24

ERVI 2=

dAle] H-87]el st Fd AlEd el
Fig. 49} o] 271Z3444(P)

to we rlo

|
ol

S

¥0, o 2
_Q,.IE-‘.OH

< 33 43
2 4.56MPa, sF=AEAIZE

LS-DYNA keyword deck by LS-PrePost

Segment No

A 32533

Incident pressure, Pi (E+6)

L L | ' | L
0.5 15 2 25
Time (E-03)

Fig. 5 Blast load transient history



(0)2 1.8e-bsec. = A=A, gk 48719 afxlss
(w=VE/pR*)E 13914.22 rad/s°|EE wd=0.258H4
2 (MellA B vke} Zo] Z315H 9 (blast loading
regime)°l &3 B 44 Ut

2.3 S I SRR A

AN B SATASAN0) B 271 EU(P) S
dn 4 (2% B WAL, ) S ANE + Uk 39
e EYaFY ASALOZ A A @H A5
ol A2l §l7] Wil Fig, 6014 Rt uhst 2& 912l §7]
uo] W We olde AL 4 glon o2 el vy
Wl Hrpasl 3 HAAPES 72 5 9ot

el 8719l HRe wAkEE WAL (5, )€ A (29

w2t 11.67MPaz AXtEU, d5AEA7to] g g7]9
LRl B8 UH—?— Zong AR Agahs 57 7§Zi
35 (P, )= 4
%ol 2.83MPaz H%‘%ﬂ Hﬂu#oﬂ/q,] aka}erE (p f)oﬂ
Hla) v G5& & 5 Sdoh

AR oz o8y YA EZFo] dojd AL o]
o
H

1.08e-4 sec. 1.06e-4 sec. 1.09e-4 sec.

1.14e-4 sec. 1.18e—4 sec. 1.36e-4 sec.

1.54e-4 sec.

1.48e-4 sec.

Fig. 6 Incident pressure contours over time

1.42e-4 sec.

m
X,
1

1.56-04

1.0E-04

5.0E-05

!
| | !
! 1 ,I 1 ,’
LA Y S S SR
e
/

0.0E+00 o iy

-5.0€-05 o 1

Displacement, w(t) (m)

-1.0E-04

-1.5E-04
time (ms)

Fig. 7 Radial displacement of pressure vessel

Table 2 Analysis results and equivalent static pressure

P, 0 P P, |ASME section| Safety
(MPa) | (sec.) | (MPa) | (MPa) | VIII, Div.l | margin
4.56 | 1.8e-5 | 11.67 2.83 5.70 2.01

and Standards(ASME BPVC Section VIII, Div.1)9l
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