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Experimental Study on the Elastic Constants of A Transversely
Isotropic Rock by Multi-Specimen Compression Tests
Report 1 - Focus on Data Analysis

Chulwhan Park, Chan Park, Joong-Ho Synn, Yong-Bok Jung

Abstract The variations of the uniaxial compressive strength, the strains and the elastic constants with respect to
the angle of anisotropy are analyzed in order to investigate the characteristics of a transversely isotropic rock
experimentally. Total 35 specimens of 7 different angles from a large block of rhyolite presenting the flow structure
obviously are used in tests. This study is composed of two reports; the elastic constants are mainly analyzed for
the every individual angle in the report No. 1 and they will be discussed synthetically in the report No. 2. From
the specimens of 0 and 90 degree, 4 independent elastic constants which can directly be obtained without the help
of any other suggested equations, may be referred to the true values. Data variation in the strain measurements
differs on the angle is analyzed. That of small angle specimens tends higher than that of large angle specimens.
The relation of apparent Young’s modulus and angle is found to be M- or U-shaped. For small angle specimens,
Saint-Venant approximation cannot be applied successfully on account of showing the non-monotonous increase,
and E; is analyzed out of the true value range. In the specimen of ¢ = 75, the deviation of strain measurement
and strength are smallest and 4 all constants are analyzed in the true value range. Therefore, specimen of the angle
of around 75 may become preferable if only one specimen should be used in test of a transversely isotropic rock.

Key words Transversely isotropic rock, Apparent Young’s modulus, Shear modulus, Saint-Venant approximation,
Multi-specimen test
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Fig. 1. Test specimens of Haenam rhyolite presenting flow
structure
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Table 1. Average values of 4 strains (unit: pe/MPa)

459

angle strain A strain B strain C strain D E-app PR-app

1 -25.01 -9.66 4.90 4.76 40.1 GPa 0.194

14.8 -24.52 -8.93 4.80 4.48 40.8 GPa 0.189

30.3 -25.17 -10.64 491 4.76 39.8 GPa 0.192

44.5 -25.49 -10.44 4.92 4.77 39.3 GPa 0.190

58.3 -25.57 -10.42 5.23 4.88 39.1 GPa 0.198

74.8 -21.72 -8.84 4.51 422 46.1 GPa 0.201

88 -21.89 -8.22 433 4.14 45.7 GPa 0.194

mean -24.19 -9.59 4.80 4.57 41.6 GPa 0.194
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Table 2. Elastic constants from specimens of ¢ = 0 and 90

constant average minimum maximum st. dev. Relative SD

E;, GPa 4571 444 472 1.152 2.52%

E;, GPa 40.10 37.0 42.8 2.444 6.09%
\2 0.1891 0.182 0.196 0.0067 3.54%
Va 0.1936 0.180 0.215 0.0144 7.44%
G, 17.71 GPa, calculated by eq. (3)
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15 specimens with each suggested equation

applied equation Ei, GPa Es, GPa Vi V2 G,, GPa
eq. (3) or (4-a) 31.90 41.64 -0.0056 0.1998
eq. (4-b) 33.58 41.65 0.0473 0.1952 15.37
eq. (4-¢) 42.00 41.69 0.3121 0.1787
Table 4. Elastic constants in ¢ = 30 specimens with each suggested equation
applied equation Ei, GPa Es, GPa Vi V2 G,, GPa
eq. (3) or (4-a) 42.69 38.95 0.1848 0.1906
eq. (4-b) 42.75 38.95 0.1866 0.1902 16.98
eq. (4-c) 43.44 39.02 0.2057 0.1855
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Table 5. Elastic constants in specimens of large angle

/g—

S EAAT A1 - ARse FHoE

angle UCS, MPa E;, GPa E,, GPa 2 Vo G,, GPa
45 174 39.81 38.84 0.1834 0.1907 16.46
60 157 39.66 38.00 0.1885 0.1985 16.13
75 198 46.34 42.58 0.1946 0.1919 18.49

average 207 42.70 40.03 0.1881 0.1907 17.16
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