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Table 1 Examples of impulsive loading

impulsive loading Pm / MPa t /s P / MPa
Load 1 800 2.5 30

Load 2 200 10 30

Load 3 200 10 0

Note: p,. is peak pressure of the first triangle impulse. t, is the time duration

of the first triangle impulse. p,_, is the value of quasi-static pressure.
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Table 2 Comparison between analytical solution and LS-DYNA simulation

Impulsive loading ./ us &,/ % Uy o / MM e | % amplitude / mm e, | %
LS-DYNA 35.2 1.530 0.083

Load 1 -0.85 -0.13 =2.41
Analytical solution 35.5 1.532 0.085
LS-DYNA 38.5 1.252 0.065

Load 2 1.30 =1.52 1.54
Analytical solution 38.0 1.271 0.064
LS-DYNA 25.5 0.823 0.084

Load 3 -3.92 1.34 2.38
Analytical solution 26.5 0.812 0.082

Note: ¢t isthe time reaching maximum displacement. u, _ is the value of maximum displacement. ¢, is the difference between LS-DYNA simulation and analyti-

cal solution results.
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Table 3 Dynamic response parameters of yielding occurring

in triangle impulse

P t, Poma t toox Uy oax amplitude
/MPa /s /MPa /s / s / mm / mm
0 4.0 29.5 0.738 0.078
100 20 30 4.0 40.0 0.926 0.044
60 4.0 64.0 1.761 0.047
0 3.0 26.5 0.812 0.082
200 10 30 3.0 38.0 1.271 0.064
60 3.0 53.0 2.241 0.078
0 2.0 25.0 0.867 0.087
400 5 30 2.0 36.5 1.418 0.072
60 2.0 48.5 2.497 0.094
Note: p,. is peak pressure of the first triangle impulse. t, is the time duration

of the first triangle impulse. p, , is the value of quasi-static pressure.

is the time when yield occurs. t _ is the time reaching maximum dis-

placement. u,

Sttt

r max

is the value of maximum displacement.
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Table 4 Dynamic response parameters of yielding occurring

in quasi-static pressure phase

Pomi t, P> t, b U, ax amplitude
/MPa /s /MPa /s / s / mm / mm
0 3.5 24.0 0.909 0.090
800 2.5 30 3.0 35.5 1.532 0.085
60 3.0 46.5 2.638 0.104
0 4.0 19.5 0.339 0.050
400 2.5 30 3.5 39.5 0.918 0.043
60 3.0 54.0 2.210 0.076

Note: p,, is peak pressure of the first triangle impulse. t, is the time duration
of the first triangle impulse. p,_, is the value of quasi-static pressure. t,
is the time when yield occurs. t_ is the time reaching maximum dis-

placement. u, . is the value of maximum displacement.
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Effects of Quasi-static Pressure on Dynamic Elastic-Plastic Response of Spherical Vessels under Internal Blast

SUN Qi, DONG Qi, YANG Sha, ZHANG Liu-cheng
(Institute of Chemical Materials, CAEP, Mianyang 621999 , China)

Abstract: Based on the single degree of freedom model, the dynamic elastic-plastic response of a spherical shell subjected to in-
ternal impulse with quasi-static pressure is obtained. Analytical solutions agree well with numerical simulation results. The solu-
tions can be divided into two situations by confirming whether the yield point occurs in first triangle impulse or the duration of
quasi-static pressure. Effects of quasi-static pressure can be studied in two different situations. If the yield occurs in the quasi-static
pressure phase, the time when yield occurs is affected by the quasi-static pressure and decreases with the increase of the qua-
si-static pressure. Whenever the yield occurs, the maximum displacement occurs in the quasi-static phase, and the time reaching
maximum displacement is quite different. The value of maximum displacement increases significantly with the increase of the
quasi-static pressure. Compared with the elastic situation, the quasi-static pressure has a more obvious effect in the elastic-plastic
response analysis. Therefore, the elastic-plastic dynamic response analysis is more valuable and instructive for the evaluation of
quasi-static pressure.

Key words: explosion in confined space; explosion containment vessel; quasi-static pressure; impulsive loading; dynamic elas-
tic-plastic response
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