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Experimental study on blast wave propagation in calcareous sand
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Abstract: Calcareous sand is widely distributed in coastal areas, and its engineering and mechanical properties are
significantly different from terrestrial sands. To study the blast wave propagation in calcareous sand, a series of explosion tests
with various charge weights on the ground surface were carried out in calcareous sand and silica sand. Pressure time-history
curves at positions directly below the explosion center were measured. The propagation laws of two kinds of sands were
investigated, including peak pressure, wave velocities of elastic and plastic waves, the rise time of pressure and size of cater.
The results show that the blast wave propagation in calcareous sand differs from that in silica sand. Tests under 0.2 kg and
0.8 kg charge weight were conducted twice. And the results show that the explosion experiment is repeatable. Cater produced
by the surface explosion in calcareous sand has a smaller size than in silica sand, and the shape of the cater is two-tier
concentric circles, one of which is small in diameter and large in depth, and the other is large in diameter and small in depth.
The elastic velocity in calcareous sand is 236 m/s to 300 m/s, and that in silica sand is 218 m/s to 337 m/s, while the elastic
wave and plastic wave velocity increase with the increase of the explosive charge. The rise time of the blast wave pressure in
calcareous sand increases with the increase of scaled distance. In silica sand, rise time does not change with the scaled distance
and is much smaller than that in calcareous sand. The measured peak pressures are fitted by using a power function of scaled
distance. The attenuation laws of peak pressure in calcareous sand and silica sand are derived. The attenuation coefficient of
calcareous sand with low moisture content is 2.86, and 2.79 for silica sand.
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Fig. 2 Particle size distribution
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Table 1 Measured parameters of explosion test
" . . LB ES /(m kg ™?)
PR aEs BRis ] ek /ke
H=035m H=0.50m H=0.65m
CS-1 0.2 0.64 0.90 1.15
CS-2 0.4 0.52 0.72 0.93
5D

CS-3 0.8 0.45 0.61 0.78
CS-4 1.6 0.33 0.46 0.59
SS-1 0.2 0.62 0.88 1.13
SS-2 0.4 0.51 0.71 0.92
SS-3 AR 0.8 0.40 0.57 0.73
SS-4 1.6 0.34 0.47 0.60
SS-5 32 0.27 0.37 0.48
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Table 2 Comparison of peak pressure at the same location
. H=035m H=050m H=0.65m
Wikg X
Wi J3/MPa HARS 22/ % Wi %3/ MPa HAXT 22 0E/% Wi %) /MPa FAXS 2206/ %
1 0.86 0.46 0.34
0.2 31.07 22.93 19.49
2 1.13 0.57 0.40
1 3.99 1.65 1.07
0.8 1.87 3.59 2.49
2 4.06 1.71 1.10
T AT 2R = (20 -5 VORI )45 VR TR <100 %o
1.2 1.2
1.2+ q41.2
. 2 L ost {08 2
S 08t 108 & S P
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(a) W=0.2 kg, H=0.35 m
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Fig. 5 Comparison of pressure time-history and impulse time-history curves at the same location
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Fig. 7 Craters on the surface of calcareous sand and silica sand after the explosions
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Table 3 Crater sizes of calcareous sand and silica sand

Wikg ok d/mm D/mm h/mm Ah/mm
Lt 164 560 68 18
02 G 195 590 111 90
it 236 673 91 29
04 Yy 195 670 125 90
5 AL 288 700 105 30
08 b - 850 150 -

32 EhHFAE

P9 Sk AR IR 56 R A 1) 4 IR 4 4 R 7 s AR 2R, A5 5 A B 081 B S A OB Y TR R 0.33~1.46 m/kg ',
AR L BTN 0.27~1.44 m/kg'® o MUREEIAF] 0.65 m i, JR i AR 4R BRER 2 AN IE, AT
5% IR TR B 5 P 38
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Fig. 9 Pressure time-history curves at different depths directly below the explosion center
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Fig. 10 Experimental results and fitting curves of the scaled impulse
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Fig. 11 Linear fitting curves of explosion center distance and arrival time of wave front
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Table 4 Fitting results of blast wave velocity
X5 Pt (mes ™) AR S B (s ™) WA IR
CS-1 236 0.996 188 0.998
CS-2 253 0.987 236 0.999
CS-3 294 0.982 361%* 1.000
CS-4 300 0.976 294 1.000
SS-1 218 0.995 234 1.000
SS-2 247 0.998 234 1.000
SS-3 290 0.999 285 1.000
SS-4 279 0.999 285 1.000
SS-5 337 0.999 - -
T * A

13 SR KE I T s 8] 5 L R B 10 5 Z2 o T AR B, 70 895 SR v o K T It ] B b B8 B 25 1 3
FTHE I, N 0.17 ms B Z 0.81 ms; 75 A Jefib g 4T+ R IR FE 0.07~0.09 ms Z [8], 55 491 #F 25 o W]
WORER, IR /N TS BTN, X2 T, B 75 25 3G hn, 45 B b2 30 A S o s 1) 5
PN, AR KE B A N ) T PR AR 57

053201-9



5543 % WWEE, 45 BT R I A R AR IR T 5 5

= Calcareous sand
0.8 F i "
e Silica sand
w 0.6 -
£
Q
£
é 0.4 L - n -
E = -
02F
e ® %, °e° % ®e )
0

0.2 0.4 0.6 0.8 1.0 1.2
Scaled distance/(m-kg'?)

K13 BRI S H 2 5C &

Fig. 13 The relationship between rise time and scaled distance
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