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Abstract

The rock properties measured under in-situ geological condition can be used to increase
the reliability in numerical simulations with regard to the long-term performance of
a high-level waste repository. In this study, the change in mechanical properties of
KURT (Korea atomic energy research institute Underground Research Tunnel)
granite was evaluated under the simulated THM (Thermo-Hydro-Mechanical) coupled
condition due to a deep geological formation in the disposal repository. The rock
properties such as uniaxial compression strength, indirect tensile strength, elastic
modulus and Poisson’s ratio were measured under the coupled test conditions (M,
HM, TM, THM). It was found that the mechanical properties of KURT granite is more
susceptible to the change in saturation rather than temperature within the test condition
of this study. The changes in uniaxial compression strength and indirect tensile
strength from the rock samples of dried or saturated conditions showed the maximum
relative error of about 20% and 13% respectively under the constant temperature
condition. Therefore, it is necessary to use the material properties of rock measured
under the coupled THM condition as input parameters for the numerical simulation of
long-term performance assessment of a disposal repository
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Evaluation of mechanical properties of KURT granite under simulated coupled condition of a geological repository
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Evaluation of mechanical properties of KURT gramite under simulated coupled condition of a geological repository
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Fig. 2. Geological features and KURT of area of collected rock specimen (Lee et al., 2019)
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52 5}9100], 7t A2 ] BHEE o BE1] 0,02 mm o|H|2 S-S ES Aol AEIEAIY U 24
558, 22045)S 918 AR 27 ©F 50 mm, 0] 6F110-115 mm W92 24742 43

EASAHE &8 =
stlor, QLA S SRt Al B 5 Ee Aol 574 €F25~30 mm WLIZ F 247 ARFsHdthFig. 3).
(a) Uniaxial rock strength specimen (b) Indirect tensile strength specimen

Fig. 3. Specimens for experiment
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(a) Rock specimen with axial and (b) Tensile loading plate in
lateral strain device constant temperature chamber

Fig. 4. Test device for measuring rock strengths
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Evaluation of mechanical properties of KURT gramite under simulated coupled condition of a geological repository
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Fig. 5. Layout of Thermo-Hydro-Mechanical test condition

Table 1. Test conditions of rock specimens

|0
R
)
e

T2k JWﬂ%J{O] 45°C—§— ER2E2

Specimen Test condition Tempe{r:?lnlre Rock condition | Main experiments | Sub. experiments
numbers condition
M-1,2,3 Mechanical 20~21°C - Uniaxial - Density
TM(L)-1,2,3 15°C compressive - Specific gravity
[ —— D _ .
TM(M)-1.2.3 Thermo-Mechanical 45°C i strength | - Porosity
—_— S - Indirect tensile | - Absorption
TM(H)-1,2,3 75°C strength - P and S wave
HM-1,2,3 Hydro-Mechanical 20~21°C velocity
THM(L)-1,2,3 15°C
R EE— ) Saturated
THM(M)-1,2,3 | Thermo-Hydro-Mechanical 45°C
THM(H)-1,2,3 75°C
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Table 2. The results of density, specific gravity, porosity, water absorption of granite

Name of specimen Density (g/cm’) Specific gravity Porosity (%) Water absorption (%)
M 2.64+0.01 2.66 0.67 +0.04 0.25+0.02
TM(L) 2.64+0.01 2.65 0.74+0.01 0.28 £0.01
TM(M) 2.65 2.66 0.73+0.03 0.26 £0.01
TM(H) 2.65+0.01 2.66 0.70 £ 0.01 0.27
HM 2.65+0.01 2.66+0.01 0.70 +£0.03 0.26 +0.01
THM(L) 2.66 2.67 0.66 + 0.03 0.25+0.01
THM(M) 2.65+0.01 2.67+0.02 0.62+0.08 0.23+0.03
THM(H) 2.65+0.01 2.67+0.01 0.68 +0.08 0.26 £0.03
Total average 2.65 2.66 0.69 0.26
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(a) Density vs. water absorption (b) Porosity vs. water absorption

Fig. 6. Analysis results of collected rock specimens
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HM-2 ZPJE 2 221+ S40131.0H, o] Ail= Table 39 A== Act. AL Q] A B+= B P
u} £571 3,974 m/s, Bt ST EE7}2,745 m/s 2 SAE QI ZoMAE O] Al g B ot £ 715,121 s,
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Table 3. Dynamic rock properties of granite

Rock condition | Name of specimen V, (m/s) V. (m/s) E, (GPa) v,
M-1 4,189 2,630 42.97 0.174
M-2 3,923 2,350 35.57 0.220
Dry M-3 3,811 2,486 37.08 0.130
Average 3,974 2,489 38.54 0.175
HM-1 5,426 2,898 58.15 0.301
Saturated HM-2 4,642 2,569 44.74 0.279
HM-3 5,294 2,766 53.09 0.312
Average 5,121 2,745 51.99 0.297

YU, IS, A 52 5742 oM, =1- e HM), E-HH(T™), -2
AoF2|(THM) 75 9] A9 22000 whet R =] et Aedolis 2% B 2332 Al @lstal 23 e(21~22°0)
o et 4ol ST BE A= Fig. 79 538-H9E YARTE dolf o, S4H AU,
A, ZEH] 0] Ay Table 42 £tk M 270 Ao = Bt A 0 & ASUSAE 177.7 MPa, ©7
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Al 64.56 GPa, Z2}EH] 0.272 = WEFTH MIFHM £719] 4% 3} -f-7of et AE Blw sl H, 325} ¢F

A N GEUSFIT AE A A= HIs] oF 16.5% ARl om, eHdAIGe} aolga] 7t 212 15.6%,
8.0%2 57 =3It
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Fig. 7. Stress-stain curve under uniaxial compressive test

Table 4. The results of uniaxial compressive strength, elastic modulus, poisson’s ratio of granite

Test condition Name of specimen UCS (MPa) E (GPa) v
Mechanical M 177.7+13.3 559+ 1.1 0.25+0.04
15°C TM(L) 173.8+ 8.8 52.7+£2.0 0.27 £ 0.04
Thermo-Mechanical 45°C T™M(M) 183.2+24 57.5+£28 0.30+0.02
75°C TM(H) 199.9+5.9 59.1+0.2 0.28+0.03
Hydro-Mechanical HM 1483+ 154 64.6 £4.6 0.27£0.07
15°C THM(L) 145.7+13.3 64.0+34 0.30 £ 0.04
Thermo-Hydro-Mechanical | 45°C THM(M) 157.5£11.1 65.8+3.1 0.33+0.02
75°C THM(H) 160.3+4.6 73.9+1.3 0.34+0.01
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Fig. 8. The changes of uniaxial compressive strength, elastic modulus, poisson’s ratio
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Table 5. Differences in rock properties under various conditions of uniaxial compressive test

™ T™ vs THM
M vs HM
15°C vs 45°C | 45°C vs 75°C 15°C 45°C 75°C
UucCs +16% +5% +9% +16% +14% +20%
Elastic modulus +15% +9% +3% +17% +12% +20%
Possion’s ratio +8% +10% +5% +11% +9% +17%
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Fig. 9. Stress-stain curve under indirect tensile test
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Table 6. The results of indirect tensile strength, splitting elastic modulus, tensile elastic modulus of granite

Test condition Name of specimen Tensile strength | Splitting elastic Tensile elastic
P (MPa) modulus (GPa) modulus (GPa)
Mechanical M 9.1+2.4 28.7+2.6 50.1 £8.1
15°C TM(L) 9.7+1.6 27.7+0.9 49.3
Thermo-Mechanical 45°C TM(M) 84+13 28.1+4.0 52.6+8.2
75°C TM(H) 9.3+0.6 31.8+0.2 57.8+3.3
Hydro-Mechanical HM 8.0+0.5 30.7+£1.0 54.4
15°C THM(L) 83+0.7 289+0.2 54.7+0.4
Thermo-Hydro-Mechanical | 45°C THM(M) 9.0+1.8 31.1+1.1 60.8 £ 0.1
75°C THM(H) 91+13 325+0.8 654+29
™ = A@ofA= dE5UFAID T} Fdet 20)9.0m, 2% S71o] ofgh Q1% '3 AIE Al elotal 7H
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Z}7+o] A9l 2710l mhE E/d3fol= Table 71 2 oW, ASASFAIY ARt J2 o= B4 7He] 2fo]7}
1 50
E 12 4 g 50
= TM™ (15C) £
g 10| . THM (45c) T™ (T5C) E 40
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Fig. 10. The changes of indirect tensile strength, splitting elastic modulus, tensile elastic modulus
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Table 7. Differences in rock properties under various conditions of indirect tensile test
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Fig. 11. Difference of saturated and dried properties on rock types (modified from Choi et al., 2018)
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