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Table 1 Values of Q for rocks

Rock conditions Q Rock conditions Q Rock conditions Q
Massive 0.9 Interbedded 0.6 Joint spacing<<0. 5 m 0.3
Joint spacing™>0.5 m 0.7 Fractured, blocky or fissued 0.4 Highly fractured or jointed 0.2
Slightly weathered 0.7 Moderately weathered 0.4 Highly weathered 0.2
Frost shattered 0.2 Rock quality,very good/excellrnt 0.9 Rock quality,good 0.7
Rock quality, fair 0.5 Rock quality, poor 0.3 Rock quality,very poor 0.1
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Fig. 1 Comparisons between equations (6~8) and experimental data
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x2 EERENZE x3 BEEANIESE
Table 2 Rock quality classification Table 3 Engineering classification for intact rocks
Qrp Rock quality Class Compressive strength/ (MPa) Strength description
0~25 Very poor A =220 Very high strength
25~50 Poor B 110~220 High strength
50~75 Fair C 55~110 Medium strength
75~90 Good D 27.5~55 Low strength
90~100 Excellent E <27.5 Very low strength

x4 EREABH

Table 4 Parameters of intact rocks

Density  Strength Density  Strength
Rock type ] Rock type ‘
/(g/em®) /(MPa) /(g/cm®) /(MPa)
Soft shale(clay shale, poorly cemented
2.3 1.4 Tuff(nonwelded) 1.9 14~21
silty or shandy shale
Sandstone(large grain, Sandstone(fine to
2.0 7~21 _ 4 2.1 14~50
poorly cemented) medium grain)
Sandstone(very fine to medium grain,
2.3 40~110 | Shale(hard.tough) 2.3 14~80

massive, well cemented)

Limestone(fine grain,
Limestone(coarse, porous) 2.3 40~85 ) 2.6 70~140
dense, massive)

Basalt(vesicular, glassy) 2.6 55~100 | Basalt(massive) 2.9 >140

Quartzite 2.6 >140 Grain(coarse grain,altered) 2.6 55~110

Granite(competent,

2.6 100~190 || Dolomite 2. 70~140

ol

fine to medium grain)
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Fig. 3 Comparison between the present theoretical predictions and the experimental results for limestone*
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A Theoretical Study on the Penetration of
Rocks Struck by Rigid Projectiles

WEN He-Ming, XU Hai-Bin

(Laboratory for Mechanical Behaviour and Design of Materials ,
University of Science and Technology of China ,Hefei 230027 ,China)

Abstract; Rocks as natural building materials have been widely used in protective engineering and mili-
tary fortification/installations. Hence,it is of great significance to carry out studies on the penetration
of rock targets by projectiles. This paper contains two parts. The first part is an overview of the previ-
ous work with emphasis being placed on the formulas for the depth of penetration;the second part is a
further development of the penetration model proposed by Wen by modifying the shear strength (Y)
which has been found to be a function of both projectile diameter and target unconfined compressive
strength based on the experimental observations. It is shown that the model correlates well with the
penetration data for the limestone targets impacted by ogival-nosed projectiles.

Key words: depth of penetration;projectiles;rocks;impact



