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Comparison of Rock Young’s Moduli Determined from Various
Measurement Methods
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Various measurements were carried out to estimate the modulus of deformation in two dominant rock types
in Korea: granite and gneiss. Four most commonly used methods were utilized: Goodman jack tests, PS well
logging, laboratory ultrasonic tests and laboratory uniaxial loading tests. Laboratory static and dynamic
Young's moduli depend on the magnitude of the applied axial stress, range of frequency used for measurement
and the loading/unloading condition. As the laboratory measurement condition approaches to that in situ, the
resultant moduli also appear to be comparable to that in situ. This suggests that the simulation of in situ stress
condition is important when the modulus of rock is determined in the laboratory. Dynamic Young's modulus
is generally higher than static Young’s modulus because of (micro)crack behavior in response to the stress, dif-
ferent range of frequency used for measurements, and the effect of the amplitude of deformation.
Understanding of the relations in moduli from different measurement methods will help estimate appropriate
in situ values.

Key words : Young’s modulus, Goodman jack test, PS well logging, ultrasonic velocity measurement, unjaxial
loading test
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Fig. 1. Dynamic Young’s moduli determined from PS well logging and columnar section of the
study area: (a) Yuseong and (b) Gongju.
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Table 1. Basic physical properties of the specimens used in the experiment.

. Depth Wet unit Dry unit Porosity
Loaation — — 1) Rock type weight (kN/m’) weight (kN/m) (%)
23 Granite 26.09+0.04 26.04+0.04 0.50+0.03
Yuseong 48 Granite 25.62+0.09 25.54+0.10 0.83:0.11
48 Aplite-dike 26584013 26.25%0.12 3.35+0.09
15 Gneiss 25.20+2.98 24.75+2.77 4.55+2.29
Gongju
33 Gneiss 25.92+0.03 25.89+0.03 0.29+0.06
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Fig. 2. Laboratory P and S wave velocities of Yuseong granite as a function of axial stress applied.
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Fig. 3. Laboratory P and S wave velocities of Gongju gneiss as a function of axial stress applied.
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Fig. 4. Laboratory dynamic Young's moduli (Ed) determined from ultrasonic velocity measurements
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Table 2. In situ static Young's moduli determined from Goodman jack tests.

Young's modulus (GPa)
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unloading 21.6%2.3 31.5¢174 3.5+0.8 212498
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jack test in situ. Results at a depth of 23 m (a) and 48 m (b) in Yuseong, and at a depth

of 15 m (c) and 33 m (d) in Gongju.
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Fig. 6. Stress-strain relations determined from laboratory uniaxial compression tests: (a) granite
specimen at a depth of 23 m in Yuseong, (b) granite specimen at a depth of 48 m in
Yuseong, (c) aplite dike specimen at a depth of 48 m in Yuseong, (d) gneiss specimen
at depth 33 m in Gongju

Table 3. Laboratory static Young's moduli determined from uniaxial loading tests.

Young’s modulus (GPa)

Loading/unloading condition Yuse(glg e 48 Gongju
Granite 23m ramte. o Gneiss 32m
(aplite)
loading 74 78 (12.9) 86
1st cycle unloading 9.5 10.0 (16.3) 191
: reloading 94 97 (12.7) 17.5
loading 15.5 141 (22.7) 20.6
2nd cycle unloading 206 172 (25.2) 227
reloading 194 17.2 (24.2) 226
loading 237 213 (28.1) 231
3rd cycle unloading 268 247 (32.2) 259
reloading 264 247 (31.9) 258
loading 281 27.2 (30.5) 23
4th cycle unloading 33.0 35.3 (36.6) 329
reloading - - -
loading (average) 240+3.5 262147 23.5£1.6
unloading (average) 27.0+7.9 27.9+7.2 271453
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Table 4. Summary of test results.
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oA 182, 37 %ol M 1534, HelgtolH 244602
Hupgtol A da & Ao 2 Jehydth(Table 4). W9}
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o met F- A Bl A A UAE WA =
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. , Dynamic Young's
Static Young’s modulus (GPa) modulus (GPa)
Location and/or

depth Goodman jack, Uniaxial test PS well | Ultrasonic
unloading (loading) | unloading(loading) : logging velocity”

2m 216 (13.2) 27.0 (24.0) 451 423

Yuseong ~ 48m 279 (26.2) 418

. 315 (16.6) 478
48m-aplite 309 (29.0) 56.7
15 35 (22 - 334 2
Gongju m (22 3 32
33m 21.2 (14.6) 271 (23.5) 66.4 63.9

" Data from 1st cycle excluded

2 Moduli determined under stress larger than 3 MPa
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Fig. 7. Young's Moduli as a function of frequency, overlapped with the theoretical modulus-frequency

relation suggested by Spencer (1981).
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