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Ao Qi dHAEEE oJdFH(2002)0 =2 F4 A A5 A vlaHo] Qo x3)
AR AEEE ZE 259 AZAH FAEE 252 W/mTel B3 6% 2314
L +20T~-40T 25 H¥YoA, =720 wa AN FaAs Hgow 15% 7+
&g

GH 3o] ANWL ol 4F ARAST SAYBTANAALAT Y2000 wet 4 2
7}, +20Coll M 7.41x10°%7/°Coll Bl 8h -40CNA 4.96x10°%/CE 34%0)4 2A H2s %t

Table 1. Thermal and thermo-mechanical properties of rock at Daejon LNG Pilot cavern.

Temperature | Thermal conductivity | Specific heat | Thermal expansion coefficient
() (W/m*C) (J/KgC) (10%/°C)
+25 2.38 728 7.41
0 700 6.96
-20 666 578
-40 622 4.96

22 A5ty =4

FA el AHE AzAIHEA dF 9}Y 4L AFTHA99) &A= A 7
Mele E3pAHe] sl +20~-60T9] 2= A dH e AFZE, AFAE, S4AF,
¥olgu7t 2AHYY. EIAAY FEFEE AXAH] Hl&) 10~30%7+F AR e
o, Ex7t A& £5 FE7L 343 Frete +25Co vl -60CAME 50%H = F71
Rth ol AEAIWY FIHE 3%l wlE R A, a2y Mo dAAFE T
He] A 2EAE ] wet 2% oo |z wad dAsH YEgwd {7 489
o] &Aool met A T R AFFHA HF 2 %S T A2 T3 49
¥4 = ZATE Table 21 BEASAT £% Figlol 399 X3 37dXd) & AZA=
53275 v 2Rt Table 2014 E& wpst Zo], +20~-20T 9 HYdHE A A
WFZ=7t AxAH vl For; a2 ojste] LRAME AXAWY ZEE 2A3 A
ol EFANHN €9 T4 He BYE Zon -0TolsdAE 238 €0l B=E F
bl qFgE @ 2 FAR94. EY Figld 2ol I9 A Ams vlustey] 22 ¢
o2 HAHATG Ay Al FF80] M FAFeE E
X &AL LS =9 A &(Glamheden,2001)9t ¥l w3ty 7HY FHe F =

g

5
Pk
o

Table 2. Tensile strength of rock at Daejon LNG Pilot cavern. unit : MPa
Temperature water saturated Temperature dry condition

(C) condition (C)

+20 46%1.2 +20 7.7%0.48

0 6.0£0.8 0 7.4%0.58

-20 8.0%091

-30 98+1.7 -40 85%+0.19

-60 10.6%£0.9 -60 94+1.19
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Fig.1 Tensile strength comparison with varying temperatures under saturated condition.
‘Vertical axis represents ratios compared to tensile strength at room temperature.

3. Claesson il M&ll & ol2st 2ddl HT A

Claesson(2001)ell 2& AtE 4L FF 7188 I3 A T2 @32, 94 I
SE ZAAZA U HE LA =E E98H AE nEtg HY e A
A S fT HE2A 7Y AFTEY Aol N 4A explicitd A HAZA FEHIA
o AZETEY 258 dAHLE FAA L, dAE HE HHAAE F5E tEAEE
dH&e 002 nH )

grt Ao 27|LEE 7{r(oqM 0HLH &= To oA ndd x99 A7t =
NN1Z2AAAE 0)ola, WE ZALE nife] dAA W3 (Step change)ol Whdk w7 ake]
SEEE HE (DAF 2oheldld, 2002). RHA QAL AL t=4=0 A4 T,— T,
o, ¢ite] 7] LEE EE wANA GolgHIRd 25 To oA Zdg 2599 Ao
7F 27123048 0). HAY QA - 1KKty) T 22 FTHA o8 73

¥—7r

Tnlr, D= gl( T,—T,-1)" L: . erfc(vm), tn—1 <ty 1)

A7NA T,& g ARdANMY FE5EYE 2501, v 7 ¥HW 571 NHold, a
v 4t =(heat diffusivity)elt}. otalE =} s& {7 AA AL drvtel 25 @A d I
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go= gnoln
Timoshenko & Goodier(1970)o] we} T o & o CH?} gaAds & Wy 2 A
S8 A BAXAE 1ty U&7 2ol & 4 A Claesson,2001).

u(r,t) = %iia-r'ﬁr,t) 2
e, = iiZa-[T(r,t)—? N dl, & = iiza" T(r, 3)
O.r_____l_l% 22 T(r, D), 0= 1{“)/[7"(7,1‘)—7‘(7’, ] (4)

4714 9 HE ¢ N7 HE GAF 22, Evae 27 urel @4AS, Lo}
o], 4B Z A4l

o = & [0 o (5)
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Basic set, k=2.63 W/m/C, Cp=710 J/Kg/C
Low diffusivity, k=2.08 W/m/C, Cp=885 J/Kg/TC
High diffusivity, k=2.71 W/m/C, Cp=634 J/Kg/C

E%, 2 ume] WIS 98 e e FAY ¥L =YSA

v ‘G'ATI_ uy=¢€," n, 01=(T§—3'Q'AT1 ) (6)

€1=1
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do| Agxe HAANEY 7NE FPE vRLE BBl HITHUD

Table 3. Temperatures prescribed in this study at Daejon LNG Pilot cavern.

Temperature step ts0 tsl ts2 ts3 tsd tsb ts6
Time(day) -999 7 28 56 112 168 365
Temperatures(C) 12 0.45 -6.1 -11.2 -16.4 -199 | -229

Fig. 2& Basic @849 Wal, + 9Rdo=3g Az w& HY profiled Yetd ZHol
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W 9A<ES Uy bE 484 23y Ao FASIA
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Fig.2 Displacement profile during the cooling-down of the cavern(Basic set).
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Fig.3 Tangential stress profile during the cooling-down of the cavern(Basic set).

42 UDEC model2 o| 8%t A<

2 Mg FAL 249 AA o F gute] Ay AF 9 TFEL #AFHE Y
o 2 A9 ATE EAY EFHoZ FYP3Uch. did LNG Pilot Cavernd Aol wet
20cme] 2 YE 2to]yd 2 10cm F79 PU foam EWA7F =N @A ogite 2
71 &8 1A

2% FF 9 AL AYF SAAY, £, FABHANEE T4 AF TE HA

2 Y% gANoz ANt A 42 9 Y7t 487, 2% A% WA 7
4 8¢ 492 Hrhslo] UDEC 9o wgdsgnh
FHe gL 28 arjeglen, s 2 PU foamsl @ 2 484 E4& 9w

e g Argaath Aol J8y BHL AW 2N £ 43 AY 2d2RY =
FHQUT. £ A9 Tae PJEU 24L nudAR YA ASHES st
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Table 4. Thermal and mechanical material properties at Daejon LNG Pilot cavern.

Thermal Mechanical
a k Cp o E nu c ) T Dilat.
(10°%°C) (W/mT) (J/kgC)|(kg/m’) (GPa) (MPa) () (MPa) ()
Rock | 6.64 2.63 710 2660 203 028 031 26 7.3 26
Con’c| 6.64 2.63 710 2550 230 025 8.0 30 2.4 30
PU - 0.02 1674 65 0.023 0.20 10000 70 10000 0
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Table 5. Joint properties at Daejon LNG Pilot cavern.

Kn Ks Cohesion Friction |Tensile str.| Dilatancy
(GPa/m) (GPa/m) (MPa) ° (MPa) )
Rock/rock 1.9 5.42 0.05 41.2 0 0
Rock/con’s 0.2 05 0 10.0 0 0

£33 273 € 25 235 Yo HIAH 2RSS, ZU|2EE 12CE A AH.
I % 3% W% PU foam WHo AF 4L €4 2% -196CE 7I8tAnh

d98y AEYLS g3 o] F A A& 1o FH L&A

AZY (a) : F9A AZ7HA small increment® G383 47 3L w8 FP3Ah
Z 19 37 & 933 Py Ao EGAIE AL HEAG. ol A FH AL
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Fig.4 Minor principal stress profile after the cooling-down of 24 weeks- Coupling (a).
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Fig.5 Minor principal stress profile after the cooling-down of 24 weeks- Coupling (b).
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Fig.6 Opening of a joint after the cooling-down of 24 weeks- Coupling (a)
. Circle represents the zero degree contour.
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Fig.7 Minor principal stress profile after the cooling-down of 24 weeks for elastic
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