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A FEW REMARKS ON OPENINGS IN ROCK MOUNTAIN UNDERGONE THERMAL HYSTERSIS

FREER - AT MM - RIBET " - RITE
Yoshinori INADA, Naoki KINOSHITA, Nobuyuki MATSUSHIMA & Atsushi NARIYUKI

The authors have proposed temporary storage of heated water in openings excavated in rock
mountain. In this case, the rock mass around openings will receive the affects of thermal hysteresis of
high temperatures. In this study, strength and deformation characteristics of rocks were examined at high
temperatures and after undergoing thermal hysteresis of high temperatures by using a thermal cycle
apparatus. Using these values, stress distribution around openings were analyzed theoretically, and the
affect of thermal hysteresis of high temperatures on rock mass around openings for storage of heated
water was discussed. Then, countermeasures for preventing leakage of heated water from openings and

reduction of thermal stress around openings are also discussed.
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#3 MIFlCAWTEEE DY, F4 EFCAVERERBLZILERE
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Expansion Young's Poisson's Compressive Tensile Expansion Young's  Poisson's Compressive Tensile
Temperature coefficient modulus ratio strength  strength Temperature coefficient modulus ratio strength  strength
() (1/°C)x 10°* (kgf/em®) x 10° (kef/em®) _(kgf/cm?) (c) (1/"c)x 1075k gf/cm ) x 10° (kef/em?) (kgf/cm)
10~ 20 0.000 0.360 0.186 -1453.9 84.2 10~ 20 000 0323 0.174 -1291.%
20~ 30 0.892 0363 0.186 -1438.5 835 20~ 30 0 686 0.325 0.174 -1286.1 75 8
30~ 40 0.892 0.367 0.186 -1423.1 828 30~ 40 0.686 0.327 0174 -1281.0 75.2
40~ 50 0.892 0.370 0.187 -1407.7 82.1 40~ 50 0.686 0.328 0.174 -1276.0 746
50~ 60 0.892 0.374 0.187 -1392.4 814 50~ 60 0.686 0.330 0.174 -1270.0 740
60~ 70 0.892 0377 0.187 -1377.0 80.8 60~ 70 0.686 0.331 0.174 ~1265.8 734
70~ 80 0.892 0380 0.187 -1361.6 80.1 70~ 80 0.686 0.333 0.174 -1260.8 728
80~ 90 0.892 0.384 0.188 -1346.3 794 80~ 90 0.686 0334 0.174 -1265.7 722
90~100 0.892 0.387 0.188 -1330.9 78.7 90~100 0.686 0.336 0.174 =1250.7 71.6
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SITRERLOMBO-FiEL LTHENOBEE Af) & LTERREICHBM OB 2B, 51T
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RETROFE & RRICEREOUNICARERERT 2HELBEL, ERREIE E 10cm DET M &
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£5 MEATIZAVESFRMEL L UG o MmtEE.
Heat capacity  Thermal diffusivity Thermal conductivity

(cal/(cm®-°C)) (cm®/s) (cal/(cm-s-°C))
= =3
urethane resin 0.18 0.44x10™ 0.08x10
. ) -3 -3
vinyl ester resin 0.35 1.0x10 0.35x10 )
. - -3 -
adiabatical material 9.0x10™° 5.2x10 0.47x10
F. DB, BATRUE, WM F6  MEITIZAV BT R T RS DM
— e 3 =) R y e
&£ Uz‘%ﬂ%li%n%’n’c %7}( —k %‘;’C’E Expansion Young's Poisson's Compressive  Tensile
_ . . L " Temperature coefficient modulus ratio strength strength
A ‘:- ﬁﬁﬂf L/ ] ’ﬁ‘ﬂf‘i’bf)’ @ EE - {q:]ﬁ‘(g’c é Ic) (I/°C)x10'° (kgf/cmz)x104 (kgf/cmz) (kﬁ_‘/cmz)
- w —— T NIk 10~ 20 0.0000 3.159 0.430 -891.0 660.0
PHEEELEL TS, Aalais 20~ 30 0.6900 3.061 0.430 -790.0 607.0
TN Tk L . o 30~ 40 0.6900 2962 0.430 -697.0 550.0
LU FRMBIZ OV T AELS 40~50 06900 2.792 0.430 -608.0 4910
; U -0kt b R E 4y 50~ 60 0.6900 2.703 0.430 -518.0 4210
MDA, HIHOWA B LU F 5 60~ 70 0.6900 2.658 0.430 -445.0 360.0
Fa} oD T T3 B AT - BT, 70~ 80 0.6900 2613 0.430 -382.0 285.0
MROTIRT 31T 5 AL - T4k 80~ 90  0.6900 2568 0.430 -3300 206.0
MPPERE ERIZEL DRDEEEL, &9 90~100 06900 2523 0.430 -275.0 115.0
DIFBRIFBICARTHB LEALND
LWERE L. WM AMRomE KT RATICAWZ T LY BIED AN,
r . s D e TN TR N 3 Expansion Young's Poisson's Compressive Tensile
A e s AT FARMEHIM ?i Temperature coefficient modulus ratio strength strength
MO =L XF AR LT CC) _ (1/°Om10°° (kgf/em’)x10° (kef/em®)  (kgf/cm®)
10~ 20 0.0000 1,793 0.432 -14.2 1184
DLy UBIEERAVWA I L L. BT 20~ 30 13000 1725 0433 -134 1104
o e 30~ 40 1.4000 1657 0.435 -127 1025
AWM B LU S FRMEDE 40~ 50 15167 1590 0437 -120 94.6
o = N e 50~ 60 1.6375 1.522 0.438 -13 86.7
HEEE2RSICRLE., £, BPFH 60~ 70 17300 1454 0.440 -108 79.8
- - e b 1 NN 70~ 80 1.7750 1.386 0.441 -10.6 4.1
*/T*‘"g)'}ﬁigf ° ’fofﬁ*’f‘fﬁ: (;OI/ AN Lli’i 6 j@ 80~ 90 1.7928 1319 0.443 -10.4 68.3
90~ 100 1.7500 1.251 0.444 -10.2 62.6
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