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Thermal and Mechanical Properties of Rocks under Freezing Atmosphere
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ABSTRACT

Mechanical properties of rocks are grately influenced by the external thermal conditions. Uniaxial and
triaxial compression tests are conducted for controlled temperatures. In order to maintain the iso-thermal
conditions of test specimens, confining pressure is controlled by constant thermal devices. The results
obtained by these element tests show that the strength increases with decreasing the temperature. Freezing
experiments in labolatory was conducted for the rectangular specimens with the center hole. The rectangular
specimens which have a discotinuities are also used in this experiments. Two kind of discontinuities are
induced. One is made by diamond saw and the other is by static rock breaker using shape memory alloy. It
is clarified that the temperature contour map for the specimens with discontinuities made by diamond saw
‘has an anisotropic characteristics. Numerical procedures are also presented to express a thermal behaviour
of these experiments.
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2. Ak OREHE & WBE - ZREAH

2.1 EERHEK & pEsit g
EBCAHWVEECRRENTRE LES L L TDERKE LEREAREEZEA L, WFhoXH Y
OB P ERBICERNTE 3 CEPEREED 5 LCHANREETHY . BEOBFEL SBANTYIEEEH 2
BERELTVAES M SoRMARELABHETSH 2, BB, CHDBOARRTRERGOLE G H 0.
WHBKECBE L TERETTH 5, ABRETOMEGRER  wEGER - SHENFERI & 0ERIC
BOT, REFRER: RSO 2 0B (4 50 X 100mm ) ¢, L TFTHRECERGHI T ELSHPT. E
WIREFTIRIE 2 X3 BIE Lo AEKEERT 28401, BEROHB K EKBE S THER Y Y ThE
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®1 DREKBOER BETEBHE %2 BHEKHO—W SWHIEREL
MmERE EREEOBIEETE (RRB)
WiE 2.33 BeE (°c) -5  +5 420
igEpE (gf/cm?) 1.87 —sE  (kgf/cm?) 1477 987 843
P A (km/sec)  1.62 EFAEY  (x10° kgf/cm?) 112 137 101
S I (km/sec)  1.02 Z#hs8E  (03=10 kgf/cm?) 1525 127.3 116.2
FEfEMEE (kgf/cm?) 136.0 TG (x10° kgf/cm?) 110 180 16.6

SIERME (kgl/cm?) 138
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HEDORE % — 200 CH 54800 CoOFiflic k0T 01l CoBETHEC s 2{EEERERELHVCELHR
AR N — FeVERBERMH(F+y T rv—) 2T 2IBE I, MBBEOHKD SHE
IR~ 5 C 5+40 COFE & L, COERBEREBRBCARIEHREZOBEERICEIT 28D
EREBELLTHAAELTV S,
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it = pCpl*fMz =L -2,y =L -yOBRBSH 5, BB, p; BE (g/cm®), Cp; FELLH (cal/g - °C), L;
R&ETH (cm), A ; BY=ER (cal/cm - sec - °C) TH b, RETHE L REBICEBS LN TCEBZINT CTIIE
AR OB TEERE 1 723X S ICR/E Lo —BRREBE TSV T HRBEEEL & cRIKTILT
AN, CCTHEERBMLTRERCLET > TRV, 12, R() KBV THKROEERE
BLTORY, BRE®ERT 2 \/ERTHAFHEGL. ERFHEH LK (2) OBiEIcd b, b, BEORITED
Do N (1) ICBIE U TRTICKRERBMEM I, Ak, BHRECEESRGF I L TR EET 60T
b, MECL > CEEEPRERAB BV CBBREOHAKCIROCHIET, KERE(LETRT. 8
KHWIBDEEBIKE >V T oA R, S Bl - RRECB 3 XL Cp, MRER A OEFKREEE
F3RT. ARCBEFEREER. bRIBICRLTVWS, CORBEREERIIc = )/pC, THREN, £3 TH
ZE LABREGENTIR. ERORNEC 3.97 ~ 9.75 x 1073 cm?/sec BETH 3, B, BHEEYc5X
SHTVRHE» LHEENS 0 CORTORERZEHIL 133 x 1073 cm?/sec &2, 172 L, 0°COXKD
BEEERIZ11.4 x 1073 cm?fsec EFLL{ELT 20 BB, R (1) 2EUBEROXEAERE Loy
DEBAFEA LS AN, BERSREFREROLY MROBRHSSMRTHRER D, MEHELE
BLTWS LTCEETH 2,
IhsoMEfERVCESHENCHREEBINLREZHNR E LT, #HEESRTEHRECET 23
TOREEBUIBRTTIC X » TR, BTOER., #RETROGL O SRk & OBREZEH 10 °C
FCRULLERALBVEEZEEFLARLVESG T T, #EAKNEE 20/ n OBFEESTERIRECT 38
%20 EHETET B CENTE, ERICBVWCREABRERE2H\WT— 10 °C/hour DEEERTHE TH
EOBREICE THEREOBELET %, 1 BENU ORI E T HREEHBL 7,

£33 BHEREOEMBENEEEFE

IR T (O -4 =35 20

B | E# C, cal/g-C 0.229 0.627 0.320

RE | AR A kcal/m - hour- °C 1.72 1.92  1.38

BEEEE x x103cm?fsec 975  3.97 5.60

i | b# C, cal/g-°C 0.171 0.189 0.199

Reg | BzWH A kcal/m - hour - °C 0.95 0.92 0.90
K

BEGRER x 10 "3 ¢m?fsec 848 743  6.90

3. EAHRIC X 5 NS - MR
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