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A simplified calculation method for the time-history curve of stress
waves in concrete induced by cylindrical charge explosion
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Abstract: Numerical simulatiens of cylindrical charge explosions in concrete with different aspect ratios were conducted based
on the modified K&gg-Fang'concrete constitutive model and the multi-material Arbitrary Lagrangian-Eulerian algorithm. The
reliability of the fiufaetical model was validated against classical spherical charge explosion test data through quantitative
comparisons of peak/stréss, impulse and full time-history curves. Two-dimensional axisymmetric models with charge aspect
ratios of 1, 2, 4, 6 and 8 were established using LS-DYNA software, and non-reflective boundaries were set to simulate stress
wave propagation in semi-infinite concrete medium. Mesh sensitivity analysis was performed to determine an optimal global
mesh size for balancing computational accuracy and efficiency. According to the characteristics of radial and circumferential
stress time-histories, concrete surrounding the charge was divided into six failure zones: cavity zone, fluid-like zone, crushed

zone, transition zone, cracked zone and elastic zone. Key stress wave parameters including peak stress, stress rising time and
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equivalent impulse duration were extracted at various scaled distances, and the effects of aspect ratio on these parameters were
quantitatively analyzed. On the basis of the impulse equivalence principle, an equivalent triangular stress wave simplification
method was proposed, and functional relationships between characteristic coefficients and aspect ratio were derived via
segmented fitting in each failure zone. The results reveal that peak stress follows a power-law attenuation pattern in all failure
zones. As the aspect ratio increases, the attenuation index rises significantly while the attenuation coefficient decreases, and the
range of the cracked zone expands accordingly. The stress rising time increases linearly with propagation distance in the near-
explosion region, and its growth rate accelerates with larger aspect ratios. Once the stress wave enters the cracked zone, its
waveform is affected by reflections and scatterings at crack interfaces, leading to waveform flattening and subsequent
stabilization of the rising time. The equivalent impulse duration grows linearly with distance in the near zone, but shows a
decreasing trend in the cracked zone, reflecting the modulating effect of concrete damage on stress wave propagation. Based on
the principle of impulse equivalence, a simplified triangular explosion stress wave model is propeséd; sbatable for engineering-
level anti-explosion analysis. Through segmented regression analysis, practical formulas are derivddtoreStimate the peak stress,
stress rising time, and equivalent impulse duration, explicitly incorporating the aspect ratis\ag a\key parameter. These formulas
offer a parametric tool for engineering calculations of explosion stress waves generated bydnternal cylindrical charge explosions
in concrete structures.

Keywords: explosion stress waves; stress rising time; cylindrical charges; equivalent\triangular waveform; equivalent impulse
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Table 1 Material model parameters

Part Material model Parameters
ro (Kg/m3) E (GPa) Pr so (MPa)
Steel *MAT_PLASTIC _ 7850 206 03 235
hoop KINEMATIC C(sh P F -
40.4 5.0 0.18 -
*MAT_HIGH ro (Kg/m3) D\(m7s) Pcy (GPa) -
EXPLOSIVE_BURN 1630 6930 210 -
A (GPa B (GPa R R
INT (GPa) (GPa) | 2
373.8 3.75 4.15 0.9
*EOS_JWL
@ Ey (GI/m?) - -
0435 6.0 - -
ro (Kg/m3 - - -
*MAT NULL o (Kef)
1.29 - - -
Air
*EOS_LINEAR _ Cy Cs Ey (J/m3) Vo
POLYNOMIAL 0.4 0.4 2.5x10° 1.0
ro (Kg/m?) f. (MPa) K (GPa) G (GPa)
2448 414 16.7 12.5
WES5000 oc oc P s (MPa) Din
WCKE model ok Hplock " '
Concrete 0.085 0.122 41.4 0.6
a) a Ptr -
0.5876 0.025/f. 4.5 -
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Table 2 Comparison of peak stress between test and simulations

I 525 (m) B8 [E(MPa) HEFL{E (M Pa) WZE(%)
0.095 1880.67 1889.48 0.47
0.121 1283.28 1279732 0.31
0.146 749.11 753.27 0.56
0.229 241.95 241.73 0.09
0.305 129.98 126.61 2.59
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Table 3 Comparison of impulse between test and simulations

0] 5526 B (m) R {E (Pa-s) BEUE (Pass) R (%)
0.095 83938.19 87692.66 4.47
0.121 72506.56 62249.76 14.15
0.146 5946021 50222.64 15.54
0.229 31301.85 26706.04 14.41
0.305 18193.74 15779.04 13.27
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Table 4 Characteristic coefficient of stress peak for different aspect ratios

vd X Eb 451 # E (m/kg3) k n R?
A X 0.08~0.15 4.960% 102 3.017 0.9125
X JEREIX 0.15~0.20 8.371x103 2.703 0.9944
X 0.20~0.40 7.092x10-3 2.802 0.9989
X 0.40~1.00 2.517%102 1371 0.9991
X 0.10~0.16 1.154x1073 4,045 0.9295
5 JEREIX 0.16~0.21 7.220%103 2.883 0.9844
X 0.21~0.38 6.463x10-3 2927 0.9976
T RIX 0.38~1.00 2.509% 1072 1.465 0.9969
TR IX 0.14~0.18 8.955%10F 7.111 0.9942
A JEAEX 0.18~0.23 1,981x107 3.950 0.9940
T IX 0.23~0.38 52103 3.197 0.9994
&S 0.38~1.00 2.424x1072 1.536 0.9981
AKX 0.18~0.21 2.522x10°10 14.089 0.9219
. JETREX 0.21~0.25 5.762x10 5.063 0.9737
X 0.25~0.38 3.217x103 3.722 0.9972
TR IX 0.38~1.00 2.366x1072 1.641 0.9965
X 0.21~0.23 1.445x10-11 17.315 0.9697
) JEREX 0.23%0.27 1.710x104 6.341 0.9790
X 0:27~0.36 1.879x103 4395 0.9991
TR IX 0.36~1.00 2.263x102 1.767 0.9964
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R 5 NEKELFAEREFMERK

Table 5 Characteristic coefficients of stress rising time for different aspect ratios

vd PEES R(m) a p R

1 0.08~0.40 0.385 -1.047x10° 0.9824
2 0.10~0.38 0.406 -1.325%x10° 0.9891
4 0.14~0.38 0.415 -1.707x10° 0.9814
6 0.18~0.38 0.455 -2.281x10° 0.9828
8 0.21~0.36 0.480 -2.882x10° 0.9691

HRIEFT TR, AN IX G, TR A 6 7T HOZ X S8k PP AE AR AR R4, HiZE KA
WK & . WE 6 Fin, Vd=1 W 1.5 5201105, [/d=8 I E 5.757x10°5  BAERIT KAR L K 5
R X BV EY K, RRRSCE R g g, T 2 i RS0 GaX BN SR T SO IR
VECUR IR, DR RTBEUE AR R, M ASE A 2R X S 2 T He I TR RE K

% 6 FRIKZEHEXFAERETE

Table 6 Average stress rising time in crack zone for differeitaspect ratios

vd FE B R(m) iy

1 0.40~1.00 53.20¥x10°5
2 0.38~1.00 5#411x10°
4 0.38~1.00 5.663x10°5
6 0.38~1.00 5.694x10°5
8 0.36~ 100 5.757x10°
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Table 7 Coefficient of equivalent impulse duration characteristics with different aspect ratios

vd FE B R(m) A n R
0.08~0.40 2.462 -4.731x10 0.9903
: 0.40~1.00 -0.464 2.996x104 0.9930
0.10~0.38 2.796 -7.243x10 0.9823
g 0.38~1.00 -0.347 2.842x104 0.9834
0.14~0.38 3.241 -1.137x10* 0.9776
! 0.38~1.00 -0.206 2.691x104 0.9685
0.18~0.38 3.579 -1.469x10 0.9304
¢ 0.38~1.00 -0.138 2.599x104 0,9862
0.21~0.36 4.112 -2.148%109 0.9349
’ 0.36~1.00 -0.101 2.574x1 0% 0.9614
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