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Characteristics of Physical Properties of Rocks and Their Mutual Relations

Yeon-Ho Won, Choo-Won Kang, Jong-In Kim and Hyeon-Sik Park

Abstract The main objectives of this study are to investigate the anisotropic characteristics of rocks and to evaluate
the the relationships between physical properties. A series of experiments were performed in three mutually
perpendicular directions for three rock types, which are granite, granitic gneiss and limestone. The relationships
of measured physical properties were evaluated. The results of ultrasonic wave velocity measurement show that
granite of three rock types gives the largest directional difference, and that the wave velocity in a plane parallel
to a transversely isotropic one is dominantly faster than that in a subvertical or vertical plane. It implies that ultrasonic
wave velocity for rock could be used as a useful tool for estimating the degree of anisotropy. The ratio of uniaxial
compressive strength to Brazilian tensile strength ranges approximately from 13 to 16 for granite, from 8 to 9
for granite gneiss, and from 9 to 18 for limestone. The directional differences for granite and granitic gneiss are
very small, and on the other hand, is relatively large for limestone. It is suggested that strength of rock makes
quite difference depending on the rock types and loading directions, especially for the anisotropic rocks such as
transversely isotropic or orthotropic rocks. The ratio of uniaxial compressive strength to point load strength index
ranges from 18 to 20 for granite, from 17 to 19 for granitic gneiss, and from 21 to 24 for limestone. These results
show that point load strength index makes also a difference depending on rock types and directions. Therefore,
it should be noted that the ratio of uniaxial compressive strength to point load strength index could be applied
to all rock types. Uniaxial compressive strength shows relatively good relationship with point load strength index,
Schmidt hammer rebound value, and tensile strength. In particulat, point load strength index is shown to be the
best comparative relationship. It is indicated that point load test is the most useful tool to estimate an uniaxial
compressive strength indirectly.

KeyWords Ultrasonic wave velocity, Uniaxial compressive strength, Brazilian tensile strength, Point load strength index,
Schmidt hammer rebound value
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Fig. 1. Schematic diagram of three kinds of rock block

samples; (a) granitic goneiss, (b) limestone, (c)

granite. The hatched planes represent a transversely
isotropic plane
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Fig. 2. Schematic diagram for measuring the ultrasonic wave
velocity
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Fig. 3. Three mutually perpendicular core sample
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Table 1. Result of P-wave velocity measurement according
to directions

direction P-wave velocity (m/sec)

rock type z y x
granite 3818 3189 339
granitic gneiss 5665 5113 5387
limestone 6458 5825 6292
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Table 2. Result of the uniaxial compressive test according to
directions(U/CS: uniaxial compressive strength, kgf/cm’;
E: Young's modulus, X 10° kgf/cm’; v: Poisson’ s ratio)

direction , .
rock type Y

Ucs 1196 1469 1063

granite E 4.487 4.981 3.941
v 0.220 0.197 0.274

ucs 1435 1205 1113
granitic E 7725 7206 4.503
gneiss

v 0.203 0.187 0.148

Ucs 801 1241 660
limestone E 5.414 6.650 3.562
v 0.274 0.265 0.223
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Fig. 4. Stress-strain curves for (a) granite, (b) granitic gneiss,
(c) limestone under the uniaxial compressive test
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Table 3. Result of point load test measured in three mutually
perpendicular directions (unit: kgf/cm?)

direction|point load strength index, Iysy (kgficm®)
rock type z ¥ x
granite 66 74 58
granitic gneiss 76 71 67
limestone 35 54 32
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Table 4. Result of Brazilian tensile test measured in three
mutually perpendicular directions (unit: kgf/cm?)

direction |Brazilian tensile strength, BTS (kgf/cm®)

rock type z y X
granite - 84 90 81
granitic gneiss 177 153 118
limestone 85 111 36
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Table S. Result of Schmidit hammer rebound test measured
in three mutually perpendicular directions

direction|Schmidt hammer rebound value, R (kgf/cm?)
rock type z y x
granite 50 53 45
granitic gneiss 48 54 54
limestone 53 53 16
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