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1. INTRODUCTION 

Shock wave equation of state data for rocks is the 
primary physical starting point for calculation of the effect 
of meteorite impact and explosions on the surfaces or in 
the crusts of the earth, moon, and other terrestrial planets 
[2,3,12,25,32,37,38,39,40,431, and primitive bodies such 
as comets and asteroids [9,54]. 

2. EQUATIONS OF STATE 

Rocks are, by definition, composed of one or more 
minerals, and hence largely their equation of state 
behavior (Table 1) reflects the behavior of their 
constitutive minerals. The Hugoniot of rocks demonstrate 
the same regimes as sketched in Figures 1 and 2. 

Dynamic yielding behavior for porous rock, like 
ceramics which have been more extensively studied, 
reflect both the Hugoniot elastic limit of the porous 
mineral aggregate, as well as the porous rock. [15,46]. 

Mixture theories are quite successful in synthesizing 
the Hugoniots of rocks from knowledge of the equations 
of state of constituent minerals. 

For silicate rocks, Telegin et al. [47] have 
demonstrated good agreement between the observed 
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Hugoniot and the calculated Hugoniot based upon an 
oxide mixture model. According to this model, 

Co = a, +a aopo + EaiZi (la) 
i 

S = boo + bopo + C biZi 
i 

(lb) 

where p. is the initial density, Zi is the mass fraction of 
component oxide i, and aoo, ao, the ai,‘s, boo, bo, and the 
bi ‘s, are constants. This approach works well in the high 
pressure regime (4, of Fig. 2). More successful over the 
pressure range of the entire Hugoniot is the mineral 
mixture model [S] . 

V(P) = C Vi(P) Mi 
i 

(2) 

where Vi is the volume of constituent mineral, i, at 
pressure P and Mi is the mass fraction of mineral, i. 
Using the Rankine-Hugoniot equations, Us and Up are 
computed from the resulting P-V relation. Additional 
examples of construction of a theoretical Hugoniot from 
constituent minerals are given in [6] and [4]. 
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FIG. 1. Pressure-volume compression curves. For 
isentrope and isotherm, the thermodynamic path coincides 
with the locus of states, whereas for shock, the 
thermodynamic path is a straight line to point Pl, VI, on 
the Hugoniot curve, which is the locus of shock states. 
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FIG. 2. Sketch of shock velocity-particle relation (a) and corresponding pressure-volume Hugoniot curves 
(b) for a mineral which undergoes dynamic yielding and a phase change. 

0: compression up to the Hugoniot Elastic 2: low pressure state 
Limit (HE%) 3: mixed region 

1: transition via dynamic yielding to a quasi- 4: high pressure state 
hydrostatic state 



TABLE 1. Equations of State of Rocks 

Rock Name Locality, 
Comments 

Sample error 
Density Co ACo 

(Mgh-13) (kmhec) (kn-dsec) 
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