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Table 1 Performance parameters

of different soils

) ) Modulus of )
Soil Penetrating ) Density
4 /(P compression JCa/em)
medium power c
/(MPa) #
Hard soil >50 >11 >1.85
Mid-hard soil 30~49 8~11 1.80~2.05
= BTN Mid-soft soil 10~29 5~8 1.70~1. 80
ST A S 3
BT A B e Soft soil <15 <5 1 65~1.75

Fig. 1 Field test of soil device
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Fig.3 Hole and tunnel section of penetrating hard soil
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Fig. 4 Hole and tunnel section of penetrating mid-hard soil
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Fig. 5 Penetrating hole of mid-soft soil
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Table 2 Penetration depth of projectile with different initial velocity in hard soil

Initial Penetration Initial Penetration Initial Penetration
Serial Serial Serial
velocity depth velocity depth velocity depth
number number number

/(m/s) /(mm) /(m/s) /(mm) /(m/s) /(mm)
1 64 220 4 85 230 7 74 218
2 63 220 5 88 170 8 71 165
3 68 250 6 73 288 9 71 200
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Table 3 Penetration depth of projectile with

different initial velocity in mid-hard soil
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Table 4 Penetration depth of projectile with

different initial velocity in mid-soft soil

Serial Initial velocity Penetration depth Serial Initial velocity Penetration depth
number /(m/s) /(mm) number /(m/s) /(mm)
1 79 450 1 66 500
2 77 430 2 80 790
3 72 480 3 82 680
4 77 520 4 85 705
B) 88 670 5 81 670
6 87.8 550 6 87 785
7 88 540 7 81.7 740
8 87 508 8 80. 8 780
9 80 493 9 96 1010
10 74 518 10 96 980
11 72 468 11 109 1220
12 72 320 12 74 590
13 73 305 13 73 590
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Fig. 6 Experimental data of penetration depth Fig. 7 Nondimensional data of penetration depth versus

in the different soils
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dynamic pressure and the fit curve in the different soils
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Experimental Study on Penetration Resistance of Soil

with Low-Velocity Projectile
DONG Yong-Xiang' ,FENG Shun-Shan',LI Yan-Dong',LI Xue-Lin®*

(1. State Key Laboratory of Explosion Science and Technology -
Beijing Institute of Technology ,Beijing 100081 ,China;
2. Shandong Machinery (Group) Co. ,Ltd,Zibo 255201 ,China)

Abstract ;: The ballistic characteristics and penetration depth in the different soil media with vertical at-
titude are obtained by experiments of the low velocity projectile penetrating into hard soil, mid-hard
soil and mid-soft soil. Further, the nondimensional equation on penetration depth in different soil
media with the projectile dynamic pressure is fitted by test results. Based on the different penetration
features with low velocity projectile penetrating the different soils in the paper,the penetration resist-
ance of different hard or soft soil and the penetration characteristics of projectile can be calibrated ef-
fectively. Comparing with the experimental results,it is verified that Young penetration equations can
be applied to the condition of penetration depth less than three times of projectile diameter.

Key words: projectile; soil medium ; penetration;experimental study



