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Application of Suggested Equations to determine the Elastic Constants
of A Transversely Isotropic Rock from Single Specimen

Chul-Whan Park, Chan Park Yong-Bok Jung, Eui-Seob Park

Abstract A fifth equation is required to determine the five independent elastic constants of a transversely isotropic
rock from compression test of a single specimen. As an approximation proposed by Saint-Venant has been used
for long time, it may cause an erroneous result in some cases, especially for specimen with low angle of anisotropy.
Three equations were suggested replacing this traditional equation and proved to be applicable by the model analysis
in the previous studies. As Saint-Venant's approximation is turned out the same as the first one of them, it has
the characteristics that the apparent Young's modulus is monotonously increasing according to the anisotropic angle.
The methodology to analyze the elastic constants from four independent strain measurements by uniaxial compressive
test of a single standard specimen is concisely described, and the necessity and compatibility of new suggested
equations are discussed. Saint-Venant’s approximation can determine the elastic constants close to true values and
other equations may be unnecessary in specimens with medium to large angle. Nevertheless, they may become
applicable because they can produce the almost same amount. For the specimens of small angle of anisotropy,
Saint-Venant's approximation may result in out of general ranges or thermodynamic constraints, but other suggested
equations can produce the almost true value. Thus they can be applied before other alternative equation is known.
The guide map constructed by model study may decide the most compatible one of the three equations.

Key words Transversely isotropic rock, Saint-Venant’s approximation, Suggested equations, Compatible equation,
Monotonously increasing
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Fig. 1. Axis of a transversely isotopic specimen and angle
of anisotropy
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Table 1. Strain measurements in yellowish gneiss (u-strain when o, = 1 MPa)
strain set gy €45 e [
Set No. 1 16.529 6.035 -5.058 -6.935
Set No. 2 15.198 5.587 -4.072 -6.935
average 15.863 5.811 -4.565 -4.261
Table 2. Resultants of deformability analysis of yellowish gneiss (E and G in GPa)
equation E; E> Vi V2 G, G*
Eq. SV 63.41 58.85 0.2686 0.2687 239
Eq. B 63.41 59.01 0.2686 0.2691 239 23.9
Eq. C 63.31 48.23 0.2666 0.2350 21.6
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Table 3. Resultants of deformability analysis of Gyungki granitic gneiss

equation E, E> Vi V2 G*
Eq. SV 52.4 36.3 0.329 0.291 16.0
Eq. B 54.3 38.9 0.379 0.268 17.3
Eq. C 53.3 375 0.352 0.280 16.6
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Table 4. Resultants of deformability analysis of St-Marc limestone

equation E, E> Vi V2 G*
Eq. SV 69.0 56.3 0.373 0.234 24.6
Eq. B 71.5 57.8 0.422 0.213 25.9
Eq. C 71.7 57.9 0.427 0.211 26.0
True Value 70.1 61.6 0.40 0.19 273

Table 5. Relative errors to true values of elastic constants of St-Marc limestone (unit; %)

equation E, E> Vi V2 Sum
Eq. SV 1.57 8.67 6.67 23.20 40.11
Eq. B 1.94 6.21 5.57 11.86 25.59
Eq. C 225 5.99 6.65 10.87 25.77
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Table 6. Strain measurements in Seoul granitic gneiss specimens

specimen angle gy €45 e g,
Granitic Gneiss - A 17 20.312 9.651 -5.488 -6.593
Granitic Gneiss - B 17 21.028 8.408 -6.264 -6.693

Table 7. Resultants of deformability analysis of Seoul granitic gneiss

specimen equation El E2 vl v2 G*

Eq. SV 176.44 46.12 3.2493 0.2531 26.1

G. Gneiss - A Eq. B 55.41 45.90 0.3345 0.3050 18.8
Eq. C 43.13 45.80 0.0387 0.3263 16.9

Eq. SV 69.84 46.18 0.7876 0.2893 20.6

G. Gneiss - B Eq. B 54.17 46.10 0.3865 0.3066 18.7
Eq. C 46.97 46.05 0.2022 0.3185 17.6
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Table 8. Strain measurements in greenish mudstone
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specimen angle gy €45 ex [
Mudstone - A 26 27.020 7.553 -6.724 -7.032
Mudstone - B 22 21.230 4.801 -5.992 -6.349
Imaginary Specimen C 24 24.125 6.177 -6.358 -6.690

Table 9. Resultants of deformability analysis of mudstone

specimen equation E; Vi Va2 G*

Eq. SV 26.55 40.84 0.2211 0.2746 13.2

Mudstone - A Eq. B 27.52 40.96 0.2654 0.2626 13.6

Eq. C 26.03 40.76 0.1970 0.2814 13.0

Eq. SV 28.43 52.76 0.2426 0.3162 15.1

Mudstone - B Eq. B 30.42 52.93 0.3300 0.2972 15.9

Eq. C 27.88 52.71 0.2189 0.3217 14.9

' Eq. SV 27.56 46.05 0.2306 0.2928 14.1

SLT:E;I;WC Eq. B 28.95 46.20 0.2926 02778 14.7

Eq. C 26.95 45.98 0.2034 0.2998 13.9

Optimum Solution 20.6 522 0.36 0.24 14.1
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Table 10. Relative errors of elastic constants in analysis of mudstone

equation E Ex Vi % sum
Eq. SV 3.4% 12.7% 4.6% 7.0% 27.8%
Eq. B 5.0% 12.7% 10.8% 6.2% 34.8%
Eq. C 3.4% 12.8% 5.3% 6.7% 28.2%
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