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ABSTRACT

Disposal repository for high-level radioactive waste secures its safety by means of engineered
and natural barriers. The performance of these barriers should be tested and verified through
various aspects in terms of short and/or long-term. KAERI has been conducting various in-situ
demonstrations in KURT (KAERI Underground Research Tunnel). After completing previous
experiment, a conceptual design of an improved in-situ experiment, i.e. K-COIN (KURT experi-
ment of THMC COupled and INteraction), was established and detailed planning for the
experiment is underway. Preliminary characterizations were conducted in KURT for siting a
K-COIN test site. 15 boreholes with a depth of about 20 m were drilled in three research
galleries in KURT and intact rock specimens were prepared for laboratory tests. Using the
specimens, physical measurements, uniaxial compression, indirect tension, and triaxial com-
pression tests were conducted. As a result, specific gravity, porosity, elastic wave velocities,
uniaxial compressive strength, Young’s modulus, Poisson’s ratio, Brazilian tensile strength,
cohesion, and internal friction angle were estimated. Statistical analyses revealed that there
did not exist meaningful differences in intact rock properties according to the drilled sites and
the depth. Judging from the uniaxial compressive strength, which is one of the most
important properties, all the specimens were classified as very strong rock so that mechanical
safety was secured in all the regions.

Keywords: K-COIN, KURT, Rock mechanics, Laboratory experiments, Preliminary site
characterization
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3 72h2 Msi0] DAY AIFHS ZHI5I0ICH 28| AIBTS A0 22|11 £4 £, UEY
ZAE, BN, HEUZAIHS 2UYOD 0|2 S5 DAYQ| B|Z, TIF, BT A&, T
UZUE, EHZS, HORSH], 2IHQABLE, A, U 012 SHIIACE 2UTHE S X2l2
252} A2 7O AT (A 0~10 m, 312 10~20 m)ofl THE 2 24| 3fol= 37| e
Ao HOISUCH THa CHEHQI 94 240l YIS S HIEIo R TTHsll, DE A2 Pojnt
MM 02 25 @A o2 S RE|0] BE S 220 A 2f5HA{0l O HS B 5 o2 TiTkEICt
SAIOf: K-COIN, KURT, @HAof8, AUJAIE, O8] S22 ZA}

1LM2

-

VAV |22 A7 =2] flado] QIXEAAZHe| FE mIA|A] k& 7HA] A HE = St 7]
Bt QP S HASllof sh, o] 5 ffal] thaRt FAEAIE = o}
H(engineered barrier) 2} %A B (natural barrier). 02 L2 4= 9l o, TifRt o Hofo] o] WS Bl 714 A
= Bkl Atk

Sh R A2 FoHA O] AJeS ASSH] ffsll Adiell fIxIet AlstaEAAdQ! KURT (KAERI Underground
Research Tunnel)E E-8510] 21 @74 A5 A9 7385150k 2006 KURT 19HA] AV 16 5, 20150 20HA € TANE
oY o THAO A DA SlE HIAE, 22EYY S (Excavation Damage Zone, EDZ) 549}, 7] 74 Ald 52 7
SFITHKim et al., 2019). £3], 2013 AHE| AA5Io] Z138% In-DEBS (In-situ Demonstration of Engineered Barrier System)
Aldlo] Fa x|, 7AH Fef o] 45 A2l K-COIN (KURT experiment of THMC COupled and INteraction) S 5~34517] ¢
27 AR o] =E =it A e ATe] A=l A9, T, AQIA FollA] 4=3)5 A o] thet A%hS TAksL,
In-DEBS 9| H RIS HE5to] K-COIN 7H'g AAIRES AAZL oM, oli= A2-87], b5, SA2Al, 222 E E=217) 52 Al
2P0 A, 35 71 o el glo] @R e A A Uit AdA o] A/ E F7] 50 Al afol vk E olFgol
CHLee et al., 2022).

K-COIN A9 485 9I5| KURT Uil dg $1x1& E4sliof shH, o5 fi_t o] ZHERARS a6ttt o8] A= Al
Fo] 27, AT E2EAL @ A, AU AR To8 £8E], 2 7 s E o= 11 5 A et AUAIY Axt

il
=

[o

of THsl el KURT Ul 5 2xjof chs) A18 Saisto] Aliolol 2] g SI=gom, ofe] ois) 7}
AN BAAR S S AT Aelslain. ehalofs Rop AlUKE Auhmat oh e} Slel AiEAl Anke FEslel HgRA)
=]

A8 Ao, 5 Ak A Tl ti A FAIZARE Safote] 21 298 e ofgoltt.

2. XA

2.1 @AY

77191 KURT HA10] 2|9, 2|4 278 7ekai] 714l thaat 2}, yAele] Ao i nArql
ol ABAL 712 502 BaAlel Hete, 7o) AdEelA BEEo s s2r) Ao ula shig
HIREO 2 IQEI O] AbX)7E BAHI019IrK Lee et al., 1980, Park et al., 1977). g A7A]%e 771 8AeH = gA] ol $115te]
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T2 A E ol o] HulorRet St Q] g et FeluerR 2 A= e] ik, AFERopr] o] AR = S HWreh Yl
Hefo &2 LR, o] 52 KURT SA1o| 2 3ttt A/d90R= I At nlde] BARIet B2 Haplelo = L
o, 2.9 nolloto] WALSEIQRS TI5 = A0 & AEA th(Lee et al., 1980, Park et al., 1977). A&7t A9, A4 24
2 Fig. 17} 2t
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Fig. 1. Geological view and condition of KURT area(Park et al., 1977)

KURT-= A EAARE] 90~150 m A1 of] 91161, T2 6 m x 6 m 2] vpAIE el dolct. 6 d7ollA] 10° 51k 7Ake] 24
Q@ A9 HaaeA) T el 165 mo] g HEQEA)E =S Y HE 2 Hdolle F 6719 o BE
(research gallery, RG)©| 75=[0] Qlt}. 7} A Hgolli= ZFE AFAIES $1t th=2] A|F30] AFE|GloH, B ZALE 9Ja]
Z 15709 il o] Al Fgo] At A AlSEI9IcE KURT 9] -54= Fig. 29 2tk

\
[Ro5 | *

—

;
=1

Phase 1. 263m Phase 2. 288m

Monitoring system ‘

=5

Heater test

Fig. 2. A schematic view of KURT (after Lee et al., 2019)
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Fig. 3. Detailed locations of boreholes drilled for this study (unit: m)

0] 3, BH-1 &2 B2 AI&S- 915 Ak 400 m 2] Ago]™, 2] HM-1~14 5-2 A%E 20 m =2] T Eolct RG-2 A
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9 7, A5 3012 Shelsto] Aol Halet HE-S SRt AT ARSIk BH-1 SR 3L AR A7} 400
mol, tFE A5gate] ulieh Aol A1o] ekt 8712 S1el 20 m Aol AEHS 55, A T 0-10 m )

372}10~20 m7HA] SR Lro] Al HS FHIZ o™, Fojo] AJe7t-Eidsto] AlH Aol £7153t 4-9= Ald AlglolA
AlLfstiet. ARt kS ARt 7, Aol 5| Adkstal 719fwE Antsto] AllE-E FRIst3i:
2 ZALA 43t oA AUN RS =214 B4 S, 9SUSATR, TRV, dEdSAde ot B2ld EA B7E &
of] 2FA 2] HIS(specific gravity), -5—={(porosity), BFJT}F Z5(P and S wave velocity) & SAOH, B=USA| TS Bl ©=
=73 (uniaxial compressive strength, UCS), ®3715%(Young’s modulus), 2ZOF5H|(Poisson’s ratio) &, IFEAES 5

ol 7P S (Brazilian tensile strength, BTS)E, H=UEAIES 5ol 22 (cohesion)® W5 vz (internal friction
angle)2 S4oIt E24 B4 542 vlup A|do]7] whzoll EEAIS Aol ARkt 5 AllH-S ARESto] AT
o] ZsliaHAct }j%_ 2 A2 3 A EO] 370] Ao 2 AR, ZF AR A2 T2 149 confining pressure)©lA]

el “golsit. ohE AlRlell Hlsl Q== A HO] 47| wiizoll, Algell 2Rt <=0] Fo7tF7o] <
HE)7] ok 7, ’5H%]':rLZ_% A1 AlelA A 2Jslt. AldHe] 27] W ARPHS HUle] BEAAY 7|52 -8510] AlAtE]
9ICHISRM, 2007, KSRM, 2010).

3.1 =22 =8 2Y 2

235 gh4o] Bald 4L Table 13} 2} B4-8-2 AolgH 4717 Bald 2412 8lolotel, RG-2 Ao Al ile] Hito]
7V 270 Rt o, i) elo] S 47 Afria 0 2 217 HhEe] RG-2 7 At 2710] B aAe] Ak ARG 4
Qir}. A% Folo] T2 72 4d0] B Fig. 49} 2ieh

Table 1. Measured physical properties and their descriptive statistics

Region Borleglole Sample No. S(S Po(r;os)lty Abs((z;)p;tlon P(rvrxll?s\;e S( r\:/;lg\;e
HM-1 HM-1-UCS-L 2.72 0.39 0.14 4796 2404
HM-2 HM-2-UCS-L 2.80 0.21 0.08 6126 2749
HM-3 HM-3-UCS-L 2.67 0.57 0.21 4163 2257
RG-2 M4 HM-4-UCS-U 2.70 0.53 0.20 3849 2116
HM-4-UCS-L 2.68 0.38 0.14 5157 2471
HM-5 HM-5-UCS-L 2.93 0.12 0.04 6539 2972
HM-6 HM-6-UCS-L 2.70 0.44 0.16 4965 2443
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Table 1. Measured physical properties and their descriptive statistics (continued)

Region Borlc]:;mle Sample No. S(_C)} Po(r;os)lty Abs((();gtlon P( rvr\ll?s\;e S( r\;v]jls\;e
M7 HM-7-UCS-U 2.63 0.70 0.26 3978 2159
HM-7-UCS-L 2.92 0.13 0.04 6424 2944
ML HM-8-UCS-U 2.68 0.38 0.14 4647 2329
HM-8-UCS-L 2.69 0.40 0.15 4730 2334
RG22 HMLO HM-9-UCS-U 2.69 0.33 0.12 4649 2370
HM-9-UCS-L 2.67 0.59 0.22 3983 2139
HM-10-UCS-U 2.69 0.47 0.17 4521 2313
HM-10 HM-10-UCS-L 2.64 0.62 0.24 4142 2137
ML HM-11-UCS-U 2.61 0.84 0.32 3777 1997
HM-11-UCS-L 2.70 0.35 0.13 4938 2475
Average 2.71 0.44 0.16 4787.29 2388.77
Statistics S.D. 0.09 0.19 0.07 834.99 269.21
CV (%) 3.32 42.48 4414 17.44 11.27
HM-13-UCS-U 2.68 0.31 0.11 5249 2544
HM-13 HM-13-UCS-L 2.69 0.25 0.09 5618 2649
RGS HM. 14 HM-14-UCS-U 2.63 0.49 0.18 4477 2346
HM-14-UCS-L 2.61 0.73 0.28 4851 2404
Average 2.65 0.44 0.17 5048.75 2485.75
Statistics S.D. 0.03 0.19 0.07 427.24 118.59
CV (%) 1.13 42.17 43.43 8.46 477
M1 HM-12-UCS-U 2.63 0.43 0.16 4986 2505
HM-12-UCS-L 2.61 0.93 0.36 4961 2464
RG4 BH-1-UCS-U 2.65 0.39 0.15 4844 2444
Bit BH-1-UCS-L 2.64 0.51 0.19 4542 2315
Average 2.63 0.56 0.21 4833.25 2432.00
Statistics S.D. 0.01 0.22 0.08 176.49 71.04
CV (%) 0.38 38.43 39.05 3.65 2.92

*S.G., S.D., and CV denote specific gravity, standard deviation, and coefficient of variation, respectively
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Fig. 4. Comparisons of measured physical properties according to the RG

T
RG-4

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 3, 2023



A Fundamental Study on Laboratory Experiments in Rock Mechanics for Characterizing K-COIN Test Site « 115

8000 4000

6000 3000

4000 2000

P wave velocity (m/s)
S wave velocity (m/s)

2000 1000

0 T T T 0 T T
RG-2 RG-3 RG-4 RG-2 RG-3 RG-4

(€) P wave velocity (d) S wave velocity

Fig. 4. Comparisons of measured physical properties according to the RG (continued)

T

AlFE o] whE A 2ol & eRIsh| Qo A A2 (one way ANOVA)E =851t} RGOl w2 2418 4=eligll o™
)<= 0.058 SIS thiFRo] At T4t 7ol Aai o, o] 77 27| who] AF-EA12 Scheffe testE

A 8519t BAMEA Al Table 29 2t

Table 2. Variance analyses on physical properties using RG as an independent variable

Property Group di fg\rfr.lce Prob. Property Group di f?e \r/Zr.we Prob.
RG2-RG3 0.0600 0.3926 RG2-RG3 -0.0031 0.9996
S.G. RG3-RG4 0.0220 0.1851 Porosity RG3-RG4 -0.1225 0.5504
RG2-RG4 0.0820 0.9224 RG2-RG4 -0.1256 0.7013
RG2-RG3 -261.46 0.8270 RG2-RG3 -96.99 0.7764
P wave RG3-RG4 215.50 0.9941 S wave RG3-RG4 53.75 0.9505
RG2-RG4 -45.96 0.9230 RG2-RG4 -43.24 0.9527

wAREA At 4712 S22 A2 ol 0.0504 FAIA 0 & fojn|Rt Wit AfolE Kol ¢kt THHERG-3, 4 A9
Hlo]e] 717} 22 32 7iktstojor & Zl 0 & whaEch 7P 320] 47 2 RG-29] A0S Vo0& Ao tE BARRAS
F7F 451, Ak 10 mE 71502 Aol (upper/lower) 2 A M R IR 2 5245 0.05, A2 Scheffe test
£ 283t 4 FAREA A= Table 39 2T -2 0.05 0014 P &= Ao E 2jo| 5 Hlom, Sub &5 AT 79
Tl 2 o & WU SRS 710 & TS, SHRO| Al Ho| 2 £ 55 H Gl o, mhEhk] e A 4

Table 3. Variance analyses on physical properties using depth as an independent variable (at RG-2 area)

Ave. Ave.

Property Group difference Prob. Property Group difference Prob.
S.G. L-U 0.0695 0.1263 Porosity L-U -0.1598 0.1041
P wave L-U 850.71 0.0475%* S wave L-U 270.09 0.0515

*denotes there exists statistically meaningful difference
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3.2 U=USAE 21t

FHE Y Al el disl] d=U=sAEE sl e, o8 Foll ESUSILE, A, Eolg HIE AN A

2]5HA Table 49} 2t}

Table 4. Uniaxial compression test results and their descriptive statistics

Borehole

Region D Sample no. UCS (MPa) E (GPa) v
HM-1 HM-1-UCS-L 126.4 44.53 0.332
HM-2 HM-2-UCS-L 148.4 62.31 0.297
HM-3 HM-3-UCS-L 150.5 63.08 0.087
HM-4-UCS-U 1343 36.59 0.300
HM-4
HM-4-UCS-L 131.1 43.75 0.334
HM-5 HM-5-UCS-L 296.2 82.44 0314
HM-6 HM-6-UCS-L 155.7 64.82 0314
HMLT HM-7-UCS-U 196.3 50.96 0.387
RG-2 HM-7-UCS-L 277.1 72.97 0.299
HM-8-UCS-U 183.0 57.92 0.255
HM-8
HM-8-UCS-L 136.5 56.01 0.266
HM-9-UCS-U 154.8 54.40 0317
HM-9
HM-9-UCS-L 146.7 44.24 0.368
HM-10-UCS-U 173.6 57.67 0.259
HM-10
HM-10-UCS-L 143.0 43.55 0.344
HM-11-UCS-U 180.1 54.51 0.339
HM-11
HM-11-UCS-L 150.3 48.94 0.328
Average 169.7 55.22 0.302
Statistics S.D. 46.7 11.33 0.064
CV (%) 27.6 20.52 21.14
HM-13-UCS-U 152.6 54.30 0.360
HM-13
RG3 HM-13-UCS-L 136.0 59.50 0.383
HM-14-UCS-U 83.9 47.80 0.188
HM-14
HM-14-UCS-L 167.7 59.10 0.179
Average 135.1 55.18 0.278
Statistics S.D. 31.6 4.72 0.094
CV (%) 23.4 8.56 34.02
HM-12-UCS-U 215.2 64.47 0.335
HM-12
RGA HM-12-UCS-L 102.1 44.99 0.289
BH.1 BH-1-UCS-U 16.6 12.93 0.163
BH-1-UCS-L 153.2 61.23 0.209
Average 156.8 56.90 0.278
Statistics S.D. 46.2 8.52 0.052
CV (%) 29.5 14.98 18.75
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A % BH-1-UCS-U®] 79, T A EHC) 0} 2lol7} Ack A7 8 F, BH-1-UCS-U A @] sheel g4
AR Aol Ll BRI o) Ak HM-9-UCS-US) mehl 9438 H] s} Fig, 53} 2
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Fig. 5. Comparison of fracture surfaces after uniaxial compression tests

Fig. 5(b)2} Z°] BH-1-UCS-U= AA| 8-S T At wp] = waw] a2 324 A] st Aik= Alejshlth. 2F T9RG)
T SEASATR 27499 S Ao Fig. 67 2.

¢

80 0.5

¥
G
3

0.4

— (S}
73 k=1
S S
3
L
|
—
_—
=3
w
L
[ —

Poisson's ratio

=)
3
I

Young's modulus (GPa)
&
|
=)
Ny
!

Uniaxial compressive strength (MPa)
8
|

w
S
1

0.1+

T T 0 T T T 0.0 T T T
RG-2 RG-3 RG-4 = 864 RG-4 RG-2 RG-3 RG-4

(a) UCS (b) E (Qv

Fig. 6. Comparisons of uniaxial compression test results according to the RG

FEUEATE 7|50 2 FARS B 254 QltkDeere and Miler, 1966, ISRM, 1981, Bieniawski, 1989). f-57 7|50 mh2
H, Al 0] 7 -2 WL ‘very strong rock(100~250 MPa)’ & B35 7Ps5}c} 7R & A5 o]tk A} jo| 2 5
Qlsk7] Sl 4 EAEEA (one way ANOVA)S =851t} RGOl| whe EA8 =) o -Rol 0.055 A5t ot
S SwAt 7ol d=Rlen, 320] 277t v 7] whZof ARSEAlE Scheffe testS 2-85HATE w2AREA] A= Table
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Table 5. Variance analyses on uniaxial compression test results using RG as an independent variable

Property Group di ﬁé \rlzr.lce Prob. Property Group di fg\r/:r'lce Prob.
RG2-RG3 34.5971 0.4391 RG2-RG3 0.0421 0.9999
UCsS RG3-RG4 -21.7833 0.9120 E RG3-RG4 -1.7217 0.9788
RG2-RG4 12.8137 0.8368 RG2-RG4 -1.6796 0.9702
RG2-RG3 0.0249 0.8321
v RG3-RG4 -1.67E-4 1.0000
RG2-RG4 0.0247 0.8666

PAKRA Ak GEQHEARS Bl AVEE 371 12 B FOE 0.05014 SAH R fulat B Holg HolA]
oJket. ThFRG-3, 4 199 Hlole] T/} 2R e Atslolo} 3 2108 M), v b2 /b 0] 471 2 RG-29)
Anke o 2 Ao mhe BARAS Zais}oit) Al 10 mE 710 2 AY/slupperlowen) 2 FHFIo 0 A2

[e] =
OJ4=£0.05, A4S Scheffe test = 2-89F A9l FARE A Av=Table 637} 2T} -‘r)r4~/|‘—7v‘—0 0541 Ao ‘I}% gk =4
o] zloli= ERIE|Z] At e du} KB HIRf O 2 aldet At b2 He g 7|02 B A0 dE5d=7d 7t niAlsH]|
=2 A4S 2RI 4 Sl

Table 6. Variance analyses on uniaxial compression test results using depth as an independent variable (at RG-2 area)

Ave. Ave.
Property Group difference Prob. Property Group difference Prob.
uCs L-U -1.0864 0.9663 E L-U 4.9589 0.4205
v L-U -0.0111 0.7527

et iR 2 4 PA RSl sl TH A ee R8st o 11 B Y= Table 7 9 Fig. 73 £tk

Table 7. Brazilian tensile test results and their descriptive statistics

Region Borehole ID Sample no. BTS (MPa) Region Borehole ID Sample no. BTS (MPa)
HM-1 HM-1-BTS-L 14.67 HML13 HM-13-BTS-U 12.58
HM-2 HM-2-BTS-L 18.15 RG3 ] HM-13-BTS-L 14.08
HM-3 HM-3-BTS-L 14.01 ) HML14 HM-14-BTS-U 13.20
HM4 HM-4-BTS-U 11.99 ] HM-14-BTS-L 12.08
] HM-4-BTS-L 1221 Average 12.98
RG-2 HM-5 HM-5-BTS-L 24.67 Statistics S.D. 0.75
HM-6 HM-6-BTS-L 16.05 CV (%) 5.77
HM-7-BTS-U 14.02 HM-12-BTS-U 10.38
HM-7 HM-12
HM-7-BTS-L 18.38 RGS HM-12-BTS-L 9.99
HM-8-BTS-U 12.75 BH-1-BTS-U 15.35
HM-8 BH-1
HM-8-BTS-L 12.14 BH-1-BTS-L 14.31
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Table 7. Brazilian tensile test results and their descriptive statistics (continued)

Region Borehole ID Sample no. BTS (MPa) Region Borehole ID Sample no. BTS (MPa)
HM.9 HM-9-BTS-U 13.16 Average 12.50
HM-9-BTS-L 12.45 Statistics S.D. 235
HM-10-BTS-U 13.58 CV (%) 18.83
RG-2 HM-10
HM-10-BTS-L 8.78
HM-11-BTS-U 12.81
HM-11
HM-11-BTS-L 14.88
Average 14.39
Statistics S.D. 3.41
CV (%) 23.67

20

) [
1 1

Brazilian tensile strength (MPa)
1

T T T
RG-2 RG-3 RG-4

Fig. 7. Comparisons of Brazilian Tensile test results according to the RG

B P A% P RG-2 9 A0 T2 Q) BAREAS 551917 1 AR Table 8 2ok, 5012 005004 A1
TTHRG-2 T Aol whE 2V el o) Aol shelslA] elglek. chah R del AL El He] Sk Afehs W dekerw
A7 9l QA BRSPS TR thAlE0 R ool SRS Zheek A (1) o] hEIEZ e} 2P

0] Hl = FA S (brittleness index) 2 A 2] AHEA © 2 10~20 Afo]Q] ZE2 At
GL'
Br=2 )

B 2AS 91RO AR Ee 7R QIR 7RIl HS3te shelom, F15 77k0] ol mS WA SRs ol ] wh
o}

2P AT IPEIAA S $Ie AT AR e o] 24 Ul 2 4o] SAtstThL /HstArY, o2 igto R

= 1Yy
ZF 17r0] HAEE Aol Table 99} At} T=U=747T oV (outlier) o]l slfgol= BH-1-UCS-US A|2JoH, 6~20 =
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Table 8. Variance analyses on Brazilian tensile test results using RG and depth as independent variables

Ave. Ave.

Property Group difference Prob. Property Group difference Prob.
RG2-RG3 1.4112 0.7296
BTS RG3-RG4 0.4785 0.9776 BTS L-U 2.0747 0.2570
RG2-RG4 1.8897 0.5712

Table 9. Brittleness index results according to the RG and the depth

Region Borehole ID Depth UCS (MPa) BTS (MPa) Brittleness
HM-1 L 126.4 14.67 8.62
HM-2 L 148.4 18.15 8.18
HM-3 L 150.5 14.01 10.74
U 1343 11.99 11.20
HM-4
L 131.1 12.21 10.74
HM-5 L 296.2 24.67 12.01
HM-6 L 155.7 16.05 9.70
U 196.3 14.02 14.00
HM-7
RG-2 L 277.1 18.38 15.08
U 183.0 12.75 14.35
HM-8
L 136.5 12.14 11.24
U 154.8 13.16 11.76
HM-9
L 146.7 12.45 11.78
U 173.6 13.58 12.78
HM-10
L 143.0 8.78 16.29
U 180.1 12.81 14.06
HM-11
L 150.3 14.88 10.10
U 152.6 12.58 12.13
HM-13
L 136.0 14.08 9.66
RG-3
U 83.9 13.20 6.36
HM-14
L 167.7 12.08 13.88
U 2152 10.38 20.73
HM-12
L 102.1 9.99 10.22
RG-4
8} 16.6 15.35 1.08
BH-1
L 1532 14.31 10.71

(¢]

e Flsll & HE Al Ho] Al R oM 5425, 10, 15 MPa 212F 218590 vt A1 Al H

=
A= 7Petlal, meba] ety Ui npdzh ARt A, SIS Ak Eelse] 2482 APYsI T Mohr-Coulomb =t
W71A4] o]9le], A 0= A Hoek-Brown 71524] HA] '22] S8t o] 75412 F-ARET ofuzt eftof| e 287}

o 21| £ 5]l oL, 1980 AISHe 7122191 ei= 2] (2)2 Zth(Hoek and Brown, 1980).
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/ / J OJ ‘
01:(73+0de/ +s 2)

APV, o, o' A E () F-3BMPa), o, = ABAl ol ARYE (F:80) BELETE, o, s, o= ST P52 7Y
o 795, = 2171, 0.59] Sk, A1259H5A1E ZIRE Table 107} 2,

&)

Table 10. Triaxial compression test results and their descriptive statistics

Region Borehole Sample fo Cohesion Internal friction angle Hoek-Brown constants
g D pleno- (MPa) ) 2 ”,
HM-1 HM-1-TCS-L 26.35 45.7 127.9 12.9
HM-3 HM-3-TCS-L 22.57 56.1 144.9 28.4
HM-4-TCS-U 21.40 55.8 134.1 29.2
HM-4
HM-4-TCS-L 21.33 554 1322 28.4
HM-7 HM-7-TCS-L 34.95 61.2 271.5 33.7
RG2 HM-8 HM-8-TCS-L 31.82 51.6 182.5 17.9
HM9 HM-9-TCS-U 31.43 47.0 159.0 133
HM-9-TCS-L 24.36 533 144.5 22.3
HM-10-TCS-U 30.47 51.2 1714 18.0
HM-10
HM-10-TCS-L 24.40 53.9 146.6 23.7
HM-11-TCS-U 24.75 57.4 169.0 29.0
HM-11
HM-11-TCS-L 28.75 49.7 155.1 16.3
Average 26.48 52.43 156.37 21.68
Statistics S.D. 4.23 4.45 37.36 6.79
CV (%) 15.99 8.49 23.89 31.34
RG-3 HM-13 HM-13-TCS-U 26.72 504 147.8 17.3
RG-4 HM-12 HM-12-TCS-L 21.41 453 102.7 13.1

RG-2 7] 9] IH0] 47} 27| Wo] RG-2 Azl nhe Q9 SAHLAt ot 7 ZTHe Table 117} 2,

Table 11. Variance analyses on triaxial compression test results using depth as an independent variable (at RG-2 area)

Ave. Ave.

Property Group difference Prob. Property Group difference Prob.
c L-U -0.1963 0.9473 phi L-U 0.5125 0.8604
o, L-U 4.7750 0.8503 m; L-U 0.5750 0.9007

B A Aol mHE B4 Aol ShelnA] elolrh Tigt Halel] b8 Eio] 2717} AThe S Aeid et ot
Fig. 8(a)9h 20] A5AZAIE 5] A, 215 A8 7S 351 Hoek-Brown 1A 285191tk Ale]] gl 6 4= 3l7)
Aol et o] 2 ANISHE HEIEATE ST 5 Atk AST A AR} A (1)0] oo e H BEUNEAEE 1]
TS Fig. 8(b)2} 2T}, Lol SRe1e 4 QI US4k 1% AR TR Hoek-Brown 1)7]7:4]0]] o8] )4 A}
TARES oF 2 oIt}

sk
e

r
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Fig. 8. Triaxial compression test results with Hoek-Brown failure criterion
3.5 29

Table 12. Relationship matrix for intact rock test results in this study

S.G. Po Vp Vs ucCs E v BTS c phi

S.G. 1 -0.7542 0.7713 0.7699 0.6175 0.5337 0.1552 0.8365 0.6239 0.4076
Po -0.7542 1 -0.7303 -0.7380 -0.3028 -0.3385 -0.1239 -0.6360 -0.6328 -0.1473
Vp 0.7713 -0.7303 1 0.9884 0.4132 0.5068 0.1156 0.6818 0.5137 0.0474
Vs 0.7699 -0.7380 0.9884 1 0.4110 0.4980 0.0641 0.6926 0.5208 0.0149
ucCs 0.6175 -0.3028 0.4132 0.4110 1 0.8353 0.3075 0.4752 0.7647 0.6150
E 0.5337 -0.3385 0.5068 0.4980 0.8353 1 0.0827 0.4833 0.6550 0.3884
v 0.1552 -0.1239 0.1156 0.0641 0.3075 0.0827 1 -0.0348 0.0624 -0.1757
BTS 0.8365 -0.6360 0.6818 0.6926 0.4752 0.4833 -0.0348 1 0.6434 0.2972
c 0.6239 -0.6328 0.5137 0.5208 0.7647 0.6550 0.0624 0.6434 1 0.0120

phi 0.4076 -0.1473 0.0474 0.0149 0.6150 0.3884 -0.1757 0.2972 0.0120 1
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Fig. 9. Scatter plot for relationship between rock properties based on the test results
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RG-4
2.63+0.01
0.56 % 0.22

4833.25 + 176.49

2432.00 + 71.04
156.83 = 46.24
56.90 + 8.52
0.2777 % 0.0521
12.50 4+ 2.35
21.41
45.30

RG-3
2.65+0.03
0.44+0.19

5048.75 +427.24
2485.75+118.59
135.05+31.59
55.18+4.72
0.2775 + 0.0944
12.98 +0.75
26.72
50.40

RG-2
2.71+0.09
0.44+0.19

€

169.65 + 46.73
712 AL

4787.29 + 834.99
2388.77 +269.21
55.22+11.33
0.3024 + 0.0639
1439 +3.41
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Table 13. Summary of the laboratory experiments

124

O

ot

)

Sfot

5

o

SH

S

_‘I

Al e

btk

5]

571 9

5]

=]

B
7]

Al
=

O

1.

oha}0~10 m 2] 4449} 10~20 m

H

O

=

o
‘I_

a
=

jL

HH

Aie
=

]
=

o, Al

Q!
S

SHATE. A FHelAe

I KURT 5ol AHA|

<)

1]

O

=
T

__(|);|
O}\‘l

To=

= In-DEBS
31

o] =7

i

3

]

sAIG= ARY

Z
OFA]
=
Z]
S|

5kQ;

1571191 A]

AL

¢}

o

5 et Ao 12 g B40] ol 5

/\E_]‘
=210} K-COIN
™, oI5

=
=

L=
RG-2~4 2]

T

519t 201395 E
=]

g AAqto]

T

A
of A3

o

fl KURT W

[¢]
1

o=

-

P14

©

B!

=

o=

=

2

A
T

=

AEAE 9]
Al

LS

T

].

=

)

20m 450] 413

K-COINS
9]

| Sk

=
o] K.

S|

Hol)

Z] 0
&

A

b

A A

5
o

B

s
T

I

7

=

5F

@)

g=%lom,

Z}
A

0] 77} “very strong rock’ S

=
SR

1

o
BHA

I

of A

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 3, 2023



A Fundamental Study on Laboratory Experiments in Rock Mechanics for Characterizing K-COIN Test Site « 125

& 5 A5 Aol tiet G 55 2P E Aol 7t on] A 2TE Felote] K-COIN FAP A =
s

ACKNOWLEDGMENT

QT ol SR EAN 0] A0 A TR TRl |1 AI 2021 M2ET AL085193)0] 2|91 ol 448
sJoiHek

REFERENCES

Bieniawski, Z.T., 1989, Engineering rock mass classification. Wiley, New York. USA.

Deere, D. and Miller, R., 1966, Eengineering classification and index properties for intact rock. Technical report No. AFNL-TR-65-116,
Air Force Weapons Laboratory.

Hoek, E. and Brown, E.T., 1980, Empirical strength criterion for rock masses. Journal of Geotechical Engineering, 106, 1013-1035.

ISRM, 1981, Basic geotechnical description of rock masses. International Journal of Rock Mechanics and Mining Sciences, 18,
85-110.

ISRM, 2007, The complete ISRM suggested methods for rock characterization, testing and monitoring: 19774-2006. ISRM Commission
on Testing Methods.

Kim, G.Y., Lee, J.O., Cho, W.J., and Baik, M.H., 2019, In-situ demonstration of engineering barrier system (In-DEBS) for
characterization of coupled THMC behavior in KURT, Journal of Nuclear Fuel Cycle Waste Technology, 17, 1-14.

KSRM, 2010, Suggested methods for rock testing. KSRM Commission on testing methods, CIR, Korea.

Lee, C., Yoon, S., Cho, W.J.,Jo, Y., Lee, S., Jeon, S., and Kim, G.Y., 2019, Study on thermal, hyrdaulic, and mechanical properties
of KURT granite and Gyeongju bentonite, Journal of Nuclear Fuel Cycle Waste Technology, 17, 65-80.

Lee, M.S., Kim, J.S., Kim, T., Hong, C.H., Choi, S., Kim, K.I., Kim, M.S., and Hong, E.S., 2022, Conceptual design of engineered
barrier system for the field demostration of THM behavior, iKSNF-SD2/1-22-SCR-06, iKSNF, Daejeon, Korea.

Lee, S.M., Kim, H.S., and Na, K.C., 1980, Explanatory text of the geological map of Daejeon, KIGAM, Daejeon, Korea.

Park, H.I,, Lee, J.D., and Cheong, J.G., 1977, Explanatory text of the geological map of Yuseong, KIGAM, Daejeon, Korea.

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 3, 2023





