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Dong Hyo Kang, Jung Tae Jong and Jung Mo Lee, 2000, Static and dynamic elastic properties of the
Iksan Jurassic Granite, Korea. Journal of the Korean Geophysical Society, v. 3, n. 2, p. 99-112

ABSTRACT: The Iksan Jurassic Granite shows relatively less fractures and homogeneous rock fabrics,
and is one of the most popular stone materials for architectures and sculptures. Almost mutually perpendicular
rift, grain, and hardway in the Iksan Jurassic Granite are well known to quarrymen based on its splitting
directions, and therefore it should exhibit orthorhombic symmetry. Theoretically, there are 9 independent
elastic stiffness coefficients (Ciii1, Caz2, Camz, Co323, Ciatz, Ciarz, Crizz, Cazss, and Cyizz) for orthorhombic
anisotropy. In order to characterize the static and dynamic elastic properties of the Iksan Jurassic Granite,
triaxial strains under uniaxial compressive stresses and ultrasonic velocities of elastic waves in three different
polarizations are measured. Both experiments are carried out with six directional core samples from massive
rock body. Using the results of experiments and the densities measured independently, the static and dynamic
elastic coefficients are computed by simple mathematical manipulation derived from the governing equations
for general anisotropic media. The static elastic coefficients increase as uniaxial compressive stress rises.
Among those, the static elastic coefficients at uniaxial compressive stress of a 24.5 MPa appear to be
similar to the dynamic elastic coefficients under ambient condition. Although some deviations are observed,
the preferred orientations of microcracks appear to be parallel or subparallel to the rift, the grain, and the hardway
from microscopic observation of thin sections. This indicates that the preferred orientations of microcracks
cause the elastic anisotropy of the Iksan Jurassic Granite. The results are to be applied to the effective
use of the Tksan Jurassic Granite as stone materials, and can be used for the non-destructive safety test.
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Table 1. Propagation directions, velocities, and polarization direction of plane waves.

Propagation direction

Velocity
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Fig. 2. Example stress-strain curves under uniaxial compressive stress; From top to bottom, the stress-strain curves
of the core samples of the massive granite body sampled in the Naesan quarry in the direction normal to the
rift, grain, and hardway plane (the x,-, x4-, and x-axis directions in mathematical representation). For example,
the top 2 plots are stress-strain curves of a pair of core samples normal to the rift plane. “axial”, "lat-2”, and
"lat-3" indicate the measured normal strains normal to the rift, grain, and hardway plane, respectively. The other
4 plots use the same notation. Note that the similarity of each pair, which indicates repeatability of experiments.
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Table 2. Static elastic coefficients of the Naesan and the Ryuhan samples at 9.8, 24.5, and 98.0 MPa axial stresses.

Naesan sample (GPa) Ryuhan sample (GPa)
at 9.8 MPa at 24.5 MPa at 98.0 MPa at 9.8 MPa at 24.5 MPa at 98.0 MPa
Cun 28.52 39.01 112.94 30.87 48.44 132.53
Com 27.12 31.99 99.94 4291 53.51 114.27
Can 33.56 39.98 101.29 26.61 3263 128.28
Coss 1347 14.85 20.50 12.06 16.01 20.59
Cuais 11.07 14.54 19.76 14.57 15.31 19.60
Cranz 10.68 14.54 18.49 18.40 20.68 24.50
Cuz 3.40 6.74 68.95 4.65 9.88 77.53
Cass 1.54 4.81 60.43 343 7.34 76.50
Cun 322 7.20 68.23 3.02 8.28 90.11
% m" P wave
O~/ “‘\‘ M ‘\‘H\‘\Q,‘“wvvwmwNMWWmwwwww»mﬁ;w
-90 i
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Fig. 3. Example band-pass (350-720 kHz) filtered P-wave signals using 500 kHz
transducers. The top one is the signal recorded without a sample in order to use
as the zero time reference. The second one is the record of P-wave propagation normal
to the rift (along y ;-axis). The third one is the record of P-wave propagating normal
to the grain (along x :-axis). The fourth one is the record of P-wave propagating
normal to the plane bisecting the angle between the rift plane and the grain plane.
Note that forms of the wave train in each trace are similar to each other with different
delay times.
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Table 3. Dynamic elastic coefficients of tlie Naesan and
the Ryuhan samples. :
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Fig. 4. Rose diagrams showing the orientation of microcracks observed in the Naesan and Ryuhan samples.
R, G, and H represent orientation normal to the rift, grain, and hardway plane, respectively.
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Table 4. Static and dynamic Young’s moduli (GPa) of the Iksan Granite. Tangential Young’s moduli are obtained
the slope of the tangential line at the given uniaxial stress while static and dynamic Young’s moduli are computed

from static and dynamic elastic constants, respectively.

Naesan sample Ryuhan sample
E, E; Ey E, E, E,
Tangential at 98.0 MPa 54.20 53.14 55.12 60.39 61.72 58.20
Static at 98.0 MPa 54.49 51.98 5398 60.99 60.47 58.80
Tangential at 24.5 MPa 36.96 30.25 38.38 4542 49.80 30.23
Static at 24.5 MPa 36.61 30.50 38.24 45.10 50.47 30.59
Dynamic 40.04 3747 45.74 49.14 54.08 34.78

Table 5. Uniaxial compressive strength (MPa) of the Naesan and Ryuhan samples in six direction. * notes direction
bisecting the angle between two axes.

Direction X X9 X3 X1 %9 X9 X3 x5 %y Average
Naesan 207 201 203 207 201 212 205
Ryuhan 181 188 201 183 181 191 188
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Fig. 5. Comparison of static and dynamic elastic stiffness coefficients of the

Naesan sample and Ryuhan sample.
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