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Base on the combination of the
Eurasia and Philippine plate forms the
Taiwan Island. Engineering projects
such as nuclear waste disposal and deep
tunnel under high mountain may involve
site condition of great depth
underground. As depth at considered site
increases, both  the underground
temperature and pressure tend to elevate.
The mechanical properties of rock at
elevated temperatures and pressures can
be significantly different from those,
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which are in the room temperature
condition.

To evaluate the creep properties of
rock at elevated temperatures and
pressure over a typical type of rocks is
selected as tested material in this
research. The types of mechanical
experiments include uniaxial and triaxial
creep tests.

Based on the understanding of the
mechanical behavior, endeavor will be
contributed to establish a material model,
which is able to describe the
characteristics of rock. The expected
results of this research are able to obtain
the creep behavior of rock at elevated
temperatures and pressures.

- i B R eh

R o @T@ G S
AEERGREET o MG E
U AE A o LSRR R T (R A B e D
ﬁéiﬁ%Wéﬁi*#T’%Tm

foeklgy B TR AR SR
1*’% E iR T A 1 2 #p Fbg 1 f2 e 37 o
1395 Jaeger(1979) 147 7 7 0 ¥

BT HEEIRAR A AR 2B
@ﬁﬁﬁﬁ%%ﬁ$’iﬁiﬁﬁ

B R~ ¥R 8 0.031~0.0330C -
@ﬂﬁ&%%ﬁ#@ﬁ]m%mwi%
FERALE ARER S&Y & LR
ZBRRE L0 AR AR R
B ¥ i ¥lid 60°Crs+ o @ d Dames
and I\/Ioore(1978)§+‘ur'§ A b B R
WAL Y Al AR E PR



PERRHTENEET LA 6
HE RV %:iE 200°C -

ARG P TR A RE ¥
AR 0 BBV G KR RUFR B
BELIRI ARa P wé - B4
WEIENZFAY o FuARE
St P 8RR RN
oA R R T hEp R g L
PEY A ER ARG

8

Plbe R T 2 H e = i 0 X
FHEEAE T2 404 BT 4
BHohts G- BT IR E

FRTHEE ORI HB R R EIN
@%Q@F@Lﬁﬂ%ﬁﬁﬁﬁ{w
P ARERD e - AT B
FEE R L FRE A B e B
15 = 2 ;% B 2 p (Sibson » 1986 ;
Scholz » 1988) » m p = fH &2 B 4%
TR Aot R B 2 E o B
FoRELERY DAL FP o

Fieag FR LD R AR AN

I
@"?’% N R LR
WiEr P F o a R S
/)E'“ DR R

BRGEE-7 RIFER
pi"ﬁ.@_:&a s

fE;fv
BT

£ 9 ﬁ}?{,ﬁ*{éﬁ\z#—d—ﬂ
4 y §|}15«ﬁ-§]%

()

R EHREERE L LT
R B R

ER S A X £53
T oo - B A T pFenkpr )

Fa R ABEHREZAFET B
AR B R ﬁ”“f" i
2R FIRBRVARG - A
A% (viscoplastic) % 2 » #12 Goodman
(1989)3n i Mt ez pr4 B i7 5 2 F
fjf‘u{ﬁ FeREF T S o
FEBRPMh2Z MY (12
%> > 2001 ; Lama > 1978 ; Dusseault &
Fordham » 1993 ; Cristescu & Hunsche »
1998) » ¥ R HE L R R DL R
FlZ A 5 AR B FlE fop ol
WFE o PR BEFEe 27 &
(1 B/l %) 'Jm)iff
li.” e i F1E R G

52

Jr

AN

M 3
2

%Pﬁﬁbﬁﬁh+¢\%ﬂa%@ua
ICHEFE LI HP RS L) N F
&R f‘?‘ﬁsﬁ X > AP B
S T L DR

MG AT (T B RSk TR
FEfite i Vit HREELS VEA
Wﬁ#“ﬂ%ﬂr%%m R R g eh
¥ %5?:#7@; B e e
THRIEFARERT 2
Pz = ﬁvh‘éé‘%% , #%%#m)i%ﬂ’/‘ ’m‘&i
22 e 2 8 R E M
BB AR RIE BT mEE
Rk o LA B
%:%%@JMM%hﬁﬁmﬁﬁﬁﬁ
01~09 2 F > LI EBRET 4
6~24 B PEA % > FIRA QA
20~60MPa - & 7 % & % K,%?Eﬁ‘ﬁ;’:z fe
A R BBEEE LB EN
WERNERER L EHBERF LD

F_* F_L

P
BFTHABPZHGE G 0 MY
RPled EEFT - AW ITERPER



Pz E sy () (2 F RRA)
2R RRBE R L BRI LT
(()"@3&E&m«ﬂyﬁﬂ(néiﬁ
IRIEP G

Llﬂﬁ”ﬁwvfkﬁ%ﬁﬁ@

2. FERu
ger B R F -

3. BIp PAPMREET 2L Y
B~ R WRE TR o

4, REHEFEE G RBEMEL

5, #HRRFLIR R RE
R &R o

6. &7 P EARIHERT 2
BT =

7. RHAEE TR U
AT BT

HeY 13 51 (T30 24
§ 6 IEAL| L E S e F BN ek
o P EEIG A X% o § T3
1 TSP RlEST () H (98 #
B)¥ - BEid e

%I' ﬁ"%\?m- "E

AAHRE B bR ET 2
BFEe  MMLIEHERYRETT Z 8
S REH 2 4u R kAL RTT AL 4
AR NN AT o

AR RR A kD 2R GCTS =
AW HEAEFT 4D 150
° t“;ﬁﬂvéwy_)i,]‘i 2 % BT AT
AETAEE L R0 ¢ 54 - BR
T % (thermocouple) ~ = B 4 8 #
(Cartridge heaters) ~ — B8 & 44| 44
(Temp. Control box) ~ - B & & %
(temperature meter) 2 & & o
a%%%%—éiﬂﬁ@@ﬁ
B~ ¥ - BREC

2B B AR

o ﬂJ

iy

BRoBTBTEROZERTEY B
IR et Y TS ARl 0 27 p
B 2 4‘1&#‘7«3&'}0

teiB S N TR 2 2 4R
TE R 3 Z b ARG e BIF
P B HERGd D BT R
B P BT EMEAG o B 4 BaioR

AR ERINZ g P 2R B e
N Pé‘%u"a‘ b")‘}pﬁ

6.1 e REBRFERD

EO ﬁ*ni’@ﬂé” e B ‘szﬂ?ﬁ poER
BALM At RMEA L L
* j\/gﬁ’"—f‘;’,‘;}\i,@ly;““y‘ ?'_‘—grgf?ﬂ
mE - 27 h%%zr’E%I 5 %7

] ‘E_LJ;;‘:“*@ﬁI’\ IRE R B /xi’}i/é’
DR oo RRPEIRBRM 2ZE R K
T W 5 75~100 ~ 125 2 1507 >
R e b AL PF R PR o
BREMEA > B2 %5 40B 6 97
oo B 6 B REBRAIRTER
G B ETE Bk Lo R
FE R MR ITIER D SCHF o 4
BEEL - X[ B o pREAT
FLE TR i T B AR TR B AT
fﬁﬂi‘ﬁ”:i%‘*m)iiﬁﬁﬁigf%c » 1175
B5 bl A SRR AR G o
EEF"*?T],a 3 ] pFs & 150 & - Bl
1 4 %1gé BNy ¥
;FL’LE« ° t“ Rz B MR R LS
BRTERLYDBC-B 7 %7
ook TR B 2R D4R Tk i B
% 0§ 751 150CH#FP L 5
- SR TR

T,=0.96T,+1.85

BT A2 SRR
Thie R4 B ek T8 R o
6.2 H fhidsk

S E A



Lt TH RS RK T 0 A
PEARFET RRRE i o
ﬁ’iis‘%’_)iiﬁ FiE MR $AL 2 55 R

Vo B 8 5 kR R b %
’\ﬁﬂv?ﬂiﬁrﬁ’mf@ﬁ SR AR

B ORIBET 2 FERT » Al
iR aE RRAE 0 d B¢ TP SR
& 120°C e AR + A H AL
B F) s BT fm BEenB R o
PR E% ] 5 (1996) 44 4 A L
140 12 p $HH RESR R ED S 2
SRRl e

- MI

3

21

6.3 ¥ piFR 5%

d SEp P T Iilﬁl fi?ﬁ /l}ljtl
738 60C2F EL %Rt 2w
W]P\ WO IF’4\:,§‘"~‘7;

CL@%%%%%aﬂ’ﬁ@ﬁﬁﬁ

o ,ri-ﬂf-r 2 1%5%‘ FL o iR %2 21

Pz %t o B 10 5% BB B R %60
CH2 4 RSy 5 d B¢ 7RR
FIH fde ARG BEPE 0 R R
£ eh4k % (viscoplatic) %2, - ¥ # ¢ )
F— L R AR o L F] L R

We BRI - RTRE - PSPz
BRW ST A A R B g AT L
(Cristescu, 1998)- L% & Jis # FE £ 2. #h
w A T B MCE 1L T IR
AR R 60 iR > R mfﬁ‘% 7 5
B A REEC)AP P & A4 R TR
Fom R 4% BEELS -
R G F
BB BB T L
BE Th4e @) 12 71 0 FOF R A M ph L
P B R S AR IR
A (g T v RE LG Sk
T BRI S R SR G A (BR) -

‘gk

® 13 &ﬁ% TSR ST
BREREED PR A I o g
AER] € B ¥ FEREM DR o 7
B B A R A R ER 2 B R
RPE S Y REHOLE Y RAE L %
fhoo B F R N - PHEEY S
Blenlawskl (1967) 1245 % B ™ 2 H $h %
e R R A
7&! 7 5 A A4 KB (Crack
closure) ; % fs & » 3B 4 5 A5 (Elastic
deformation) £ > e A548% 5 B
BEC 2018 P 5 4R e W% s (Stable
fracture propagation)£< - b P 2E 48 gl
WAL REERY > LR
WA 2 A RSy RN R
B d RS S R (S R R T
FEZTEPE) Hdg B4 g%
B B I RGERMAE > SRR
* 4% 7% ¥ % 7 (Unstable fracture
propagation)£< - Bieniawski 3% & 4o % 35
LRl RN ISR T R
BPE D EMEY 6 FIEYA FRA
He o MYV HE fhiA RS H phIER
SN H k2 PR G R
Z_ R4 AR L o 2 F] L Bieniawski
FLRM 0% A9 g i
MR o AT T ER I ENES
7 ad BRI BR L R R R
TR REMFLE 2 P BT N2

P g L
= \%;ﬁ

Kk E R EL 2 Mg
SRR ER RS ETA
‘H}LG\'% ’E;?E’T@ZI?J L%EA’Iéx«

/, ./u ’

AR E I gEd o FMP T R AR
MU T RPFF LS G AR e

A
R Y SR ST SRR L



KAl fgde fEd P 2 KTEF O
IESNE R URIENR I N S AN O
CAEBTE AL HRGEE o SR TR
B2 PR B RE PRI
Bt Foo H2 A ARG A
B e EF A H 2T A% R
FTRERZEE NI R
) Ay RL 03 ERERE PR
PLFERALET( )R H
o T EREZ B AHE R
BRI BLBRERTEH
FERYEFEIIVHENHE L

M Fwmz R o

54 %

[1] +:Z #2(2001) » A L 4 7 # 2
FrirAy R oF 514
AT LEm T o

[2] & 3 55(1996) - B R ¥+ Lk F)
EAFFLZREFT R
#AEIAIREYT TR LS

[3] Maranini, E., M. Brignoli (1999) :
Creep behaviour of a weak rock, a
experimental characterization. Int.
J. of rock mech. and mining Sci.
36, 127-138.

[4] Cristescu, N. D. and U. Hunsche
(1998), Time Effect in Rock
Mechanics. John Wiley & Sons,

[5]

[6]

[7]

[8]

[9]

New York.

Dusseault, M. B. and Fordham, C.
J. (1993), Time-dependent
Behaviour of Rocks,

Comprehensive rock engineering :
principles, practice & projects. /
editor-in-chief , John A. Hudson,
\ol.2, 119~149.

Jaeger, C. (1979), Rock Mechancis
and Engering, 2" Ed., Cambridge
Univ. Press.

Lama, R. D. and Vutukuri, V. S.
(1978) Handbook on Mechanical
Properties of Rock, Vol.2, Trans.
Tech. Public., 57~59.

Dames and Morre (1978),
Thermomechanical stress analysis
and development of thermal
loading guidelines, In Technical

Support for GEIS: Radioactive

Waste Isolation in  Geologic
Formations, vol. 20, White Plains,
N.Y.

15. Bieniawski, ZT, 1967.

Mechanism of brittle fracture of
rock. Int. J. rock Mech. Min. Sci.,
4, 395-430.



tempersture meter
(front view)

internal thermocoupler—f 227 |
surface thermocouple+—= 227 |

irternal thermometer with
compression fitting

triexial cell T

surface

temperature meter

n/'therrnocuu;ﬂe

(rear view)
l prd
@ L A Y S
/ cartridge heeters (4)
Temperature
Control Box C-_I) Q

37 pin ribbon cable

AD inputs (bnc's)

m computer

auxiliery 37 pin slot




L=178Bmm
D=12 Bmm

o,

B3 =2 thE > AINe Bt 5o BRl ol e
¥ = w

-
sutface themocouple

-

cartridge heaters

Bl 4 = $h4c ] k2o % K



temperature (OC)

160
150
140
130
120
110
100
90
80
70
60
50
40
30
20

- set temp.=150
i set temp.=125
B ““ set temp.=100
hydraulic oil
set temp.= 75 °C
i specimen center
0 1 2 3 4 5 6 7 8 9
time (hour)

B 6 A0 R R NERF 208 B %1

10



)

Specimen Temperature (

Axial stress (MPa)

160

140 | PN
y = 0.9645x - 1.8543 PR
i R? = 0.9987 Lo
120 AT
100 | e
PR
80 | et
A"
60 |
40 |
A specimen center_Tellus T68
20 1 .- (specimen center_Tellus T68)
0
40 60 80 100 120 140 160
Hydraulic oil temperature (°C)
Bl 7 &Lk r) H Rt B ¥R R B R R R R BT B
35
30
— 60 -axial
—90 -axial
— 120 -axial
— 60 -lateral
—90 -lateral
— 120 -lateral
-6000 -4000 -2000 0 2000 4000 6000 8000

strain (10°°)

B8 2R ERMKET /A BEY A



H B3R (MPa)

35

30 f

25

20 |

15 f

10 p

e 54 (MPa)

0 20 40 60 80 100 120
BE (R)

Bl O~ LR #) B R ae R EE R 2B TR

35
30
/ %5 ¢
e
S B £
15 - AR 1/
oL a\
iF}U@;CJ’E 160 °C i
U
-4000 -3000 -2000 -1000 0 1000 2000 3000 4000

&% (109

Bl 10 ;8B 60°C ™ HE R 2%z b+ BE¥d R

10

5000



0 1=29.4 MPa
200 | 0 1=186 LRl
o1=11 MPa T
O L L L L L L
7 1=11 MPa
_ C\‘\~—~______L______7 2 3 4 5 6 i
-8 -200 0 1=18.6 MPa AT
'G
£ -400
g
o -600
-800
-1000
0 1=29.4 MPa
HEEE 60 C
-1200
time (hour)
B 118 A& 60°CHF > b 2 Thor 20 S W 4R
35
AR T AL
\ 20 -
25 1
<
o
=3 20
=
*® 15 r
&
10 |
5 =
BEARKE 60T
ray ( L
U
-1500 -1000 -500 0 500 1000 1500

WA &% (10°)

B 12 B A& 60C™ ¥ iS22 e 54 vs WHEBEH 2 H

11

2000



Volumetric creep strain (10'6)
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