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BEHAVIOR OF ROCK MASS DUE TO HEATED WATER STORAGE IN OPENINGS

ﬁm@ﬁ. * *Tféﬂ&* »*
Yoshinori INADA and Naoki KINOSHITA

The authors have proposed and discussed temporary storage of heated water in openings excavated in
rock mountains. Heated water, produced by surplus heat from garbage burning plants, should be used
for many purposes such as district heating, heated water supply, green houses, etc. This method has the
advantages of efficient utilization of land, saving energy, preservation of the environment, etc. In this
case, rock mass around the opening receives the affects of thermal hysteresis of high temperatures as
the quantity of heated water continually changed according to its use. In this study, strength and
deformation characteristics of some types of rocks were examined after receiving thermal hysteresis of
high temperatures. The temperature and stress distribution around openings were analyzed by using
FDEM and FEM. Then the effect of thermal hysteresis on thermal behavior of some types of rock mass
around openings was discussed.

Key words : heated water storage, openings, thermal behavior, rock mass, thermal hysteresis
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: moisture degree bulk true

rocks porosity content of specific  specific

ratio  saturation gravity  gravity

(%) (%) (%)
0.8 0.0Y

granite A(Dry) 285 2.65 2.67
granite A(Wet) 0.8 0.24 81.3 2.65 2.67
granite B(Dry) 1.5 0.03 55 2.63 267
granite B(Wet) 1.5 0.24 88.3 2.63 267

. andesite(Dry) 2.7 0.90 414 2.60 267
andesite(Wet) 27 1.90 88.3 2.60 267

sandsotne(Dry) 3.8 1.01 20.5 2.54 2.64
sandsotne(Wet) 38 201 90.3 2.54. 2.64
tuff(Dry) 371 1.39 5.8 1.56 2.45
ruff{Wet) 371 2400 996 191 245
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WD, L, BKROBERXEICI00CET S,

Case?2 : wmwﬁﬁw@ﬁmﬁﬁ?#mwﬁﬁélyﬂﬁﬁmfé ZBRAOBEIXISCTET B,
COUBY DT EEVIET I LICRY, BUSRNRBEL RIS LERAT 5.
BITICLBLRZEROPEBIC OV TIERAMRORRICI Y RDEEEAVDI L ELE. ZOBEBRE
ERITEEAEOHEMEICEAL TE, ThEthoBRERY, BEE, BECHT30EELZRERIVEY,
#EL, A3l Lk RBHALLTR-2EABTEREOHEMEETRLE.

R—2 BNICHWEXBEREODIEHE
(a) cycle 10, 15°C~100°C

" Expantion Young's Poisson's  Compressive Tensile
Temperature coefficient modulus ratio strength strength
(°C) (1/°C)%10° __ (GPa) (MPa) (MPa)
10~ 20 0.000 1.7 0.183 =194 1.
20~ 30 0.680 52.0 0.182 ~1529 7.2
30~ 40 0.680 52.4 0.182 -1525 71
40~ 50 0.680 52.7 . 0482 -152.1 71
50~ 60 0.680 63.1 0.182 -1516 74
60~ 70 0.680 53.4 0.182 -151.2 10
70~ 80 0.680 63.7 0.182 -150.7 70
80~ 90 0.680 64.1 0.182 -150.3 70
90~ 100 0.680 54.4 0.182 -149.8 7.0
(b) cycle 0
Expantion “Young's Poisson's  Compressive Tensile
Temperature coefficient modulus ratio strength strength
Cc) (1/°C)x10° __ (GPa) (MPa) (MPa)
10~ 20 0.000 048 0.191 -181.6 8.0
20~ 30 0.892 §5.2 0.191 -179.7 8 0
30~ 40 0.892 55.6 0.191 -1778
40~ 50 0.892 §6.1 0.191 -1759 7 8
50~ 60 0.892 56.5 0.191 -1740 17
60~ 70 0.892 . 56.9 0.191 -172.1 16
70~ 80 0.892 574 0.191 -1703 16
80~ 90 0.892 578 0.191 -168.4 15
90~100 0.892 58.2 0.191 -166.5 14
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