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Abstract Triaxial compression deformation experiments on Carrara marble were performed in a Paterson gas-medium apparatus at a

-1

confining pressure of 300MPa, temperatures of 873 ~ 1173K, and strain rates of ca. 10 ® ~10*s™". The experimental results show

that at a constant strain rate, the strength of Carrara marble decreases as temperature increases. At a constant temperature, the strength
increases rapidly and then slowly with strain rate increasing. In the log-log plot of strain rate vs. differential stress, we find the slopes
of the fitted lines for constant-temperature experimental data decrease with increasing temperature and the data for experiments at 873K
and for experiments of high strain rates at 973K, best fit the exponential relationship. The results at high temperatures (e. g , 1073K,
and 1173K) and the results for lower strain rates at 973K, however, best fit the power law relationship with a stress exponent about 5. 3
~7.7. Therefore, we can draw that there are two main deformation mechanisms of Carrara marble in our laboratory experiments, one of
which is represented by the exponential relationship for high stresses and the other is the power law mechanism for moderate stresses.
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(a)-cross-polarized light micrograph; (b)-frequency histogram of

Microstructures of starting material Carrara marble

grain size distribution
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Schematic illustration of sample assembly in the

triaxial deformation experiments for Carrara marble
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Table 1

Experimental conditions and mechanical results of

triaxial deformation experiments for Carrara marble

R WEE B B SR L JOL g
)

(K (MPa) (s (MPa) (%
CMO009 873 300 13 %1074 162.88 10
CMO14 873 300 13x107° 134.5 4
CMO14 873 300 13 %107 165.6 10
CMO14 873 300 11x107% 191.9 15.2
CMO006 973 300 26x107¢  61.19 1
CMO006 973 300 33x10°°  79.8 2
CMO006 973 300 16 x10~° 89.7 4.5
CMO006 973 300 19 x10°° 96.5 7
CMO006 973 300 11x10°*  106.4 12
CMO006 973 300 77x107°  95.1 15
CMO006 973 300 90x10™*  118.5 20
CM006 973 300 06x107%  131.8 25
CMO007 973 300 04x107°  77.5 2
CMO008 973 300 57x107°  83.3 1.5
CMO008 973 300 11x10™*  106.7 4
CMO002 1030 300 20x107°  74.7 6
CMO001 1060 300 65x10°*  69.6 7
CMO008 1073 300 03x107°  46.4 1
CMO008 1073 300 64x107°  76.7 4

CMO008 1073 300 .32 %1074 82.7 8

N = = = = = O = NN 00O = = 00 = NN = O = = NN = )00 N = e e e

CMo11 1073 300 14 x10 ~* 63.7 16
CMO12 ? 300 02 x10°° 35 4.9
CMO12 ? 300 .51 x107° 47.6 12.2
CM012 ? 300 .99 x10 74 63.8 17
CM004 1173 310 38 x10°° 27.3 2
CM004 1173 310 .54 %1073 35.6 3.5
CM004 1173 310 11 x10~* 38.6 6
CM008 1173 310 .52 x10°¢ 25.2 1.2
CM008 1173 310 09 x10 ~* 43.5 4
CM008 1173 310 .03 x10°* 52.9 11
CM008 1173 310 L05%x1073 57 15
CM010 1173 300 08 x10~* 37.2 17
CM013 1173 300 L10x10 73 24.6 4
CM013 1173 300 12x1074 38.2 9
CM013 1173 300 42 x10 4 53.8 20

TN AR Z R, HoMhiAE (4 CMO02 ,CMOO01 ,CMO11 #1
CMO10) {14 i g -Pij A5 [ £ 4 g 48 2 > 4% B3R H, 87w
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R T RRSE N AR AR Carrara Il 10) AR TEAT 0 1) 5%
M, FRATHE 300MPa [ s A AU EE T X FE AT T 8 H
AR A (HFRALYL : step strain rate) S5, BRI AL B e fIK ik
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Table 2 Vertifation for the exponential relationship using the data from Schmid et al. (1980) and this study

Fefts T(K)  p(s) o(MPa)  Dne @Q/RT ®lna @o/oy  ®=0+Q-@ *(@®-6)/®
CMO009 873 1.13x10°* 162.88 -9.088123  35.706206 13. 28787782 14. 2877193 13. 33020554 0. 067016557
CMO14 873 1.13x107° 134.5 -11.39071  35.706206 13. 28787782 11. 79824561 11. 02762045 0. 065316929
CMO14 873 1.13x10°* 165.6 -9.088123  35.706206 13. 28787782 14. 52631579 13. 33020554 0. 082340923
CMO14 873 .11 x107% 191.9  -6.803395 35.706206 13. 28787782 16. 83333333 15. 61493302 0. 072380217
CMO006 973 1.11 x10~* 106.4 -9. 10598 32. 036504 13. 28787782 9. 333333333 9. 642645344 -0. 033140573
CMO006 973 2.90x10°* 118.5 - 8. 14563 32. 036504 13. 28787782 10. 39473684 10. 60299607 —-0. 020035065
CMO006 973 1.06 x1073  131.8 —-6.849486  32.036504 13. 28787782 11. 56140351 11. 89913933 —-0. 029212355
CMO008 973 1.11 x107*  106.7 -9.10598  32.036504 13. 28787782 9. 359649123 9. 642645344 -0.030235772
4128 873 1.00x10°3 169.5 -6.907755 35.706206 13. 28787782 14. 86842105 15. 510573 —0. 043188981
2743R 873 1.00 x10°* 143.5 -9.21034 35. 706206 13. 28787782 12. 5877193 13.20798791 —0. 049275694
2742 873 1.00x107° 121.9  -11.51293  35.706206 13. 28787782 10. 69298246 10. 90540281 -0.019865399
2751R 973 1.00x107* 114.8 -9.21034  32.036504 13. 28787782 10. 07017544 9. 538285329 0. 052818356
2758R 973 1.00 x10°* 103.1 -9.21034 32. 036504 13. 28787782 9. 043859649 9. 538285329 —-0. 054669765

I = FRE IR AL (S) IR A2

ML 2 IR RN, 5K 20 < o < 100MPa, 22235
T 1073 ~ 173K IR BT 04 55 36 B4 {FL o AT A2 fof 28 0 B A% 3
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MPa,Q =418 +42kJ/mol,n=7.6 +0. 8.,

B 3, 25K o < 20MPa, A7) I YR AR 2 20 i 32
1 20MPa LUF R AT T 804 @ i A5 M i s S5k
H:logd = —3.9 £0.2s/MPa, Q = 426 + 46kJ/mol, n = 4.2
+0.4,

LB IRATTER 1 s 19 SE 50 5B A1 3 Schmid er al.
(1980) R B =FPHLE], FATIA R ABF 58 B 2 50 5008 3 2
FAEALH 1 AIBLE 2 RS . T A 5 S R A A Y
FAFHLA TR S e —HED

B Schmid et al. (1980) 1 52 56 B4 (4128 . 2743R
2742 2751R 1 2758R) FIAMFST Hram & > 100MPa 14 £ i
THAEEBIFRAANRXG) AR K 2, L2 hRkfTH]
DI, AT B IR2Z A ~ (2.5 £5.5)% , Schmid et al.
(1980) MIBIRIRZE N ~ +5% . FL, BATA AT+
873K FIAETE ML BT 973K N Carrara KB 1928 TE AL
IR _E iR HR B A K R o

33k N7 A TR 25 W 7 A B B L TR AT ke B AE
973K I BETT e g 4% A S FIAP R A5 3 23 () B4 HUL A R R R
A TERIEEAE (M 10.47 vy 7. 65) , ThifE 8T3K R
BIA LRI R 12,78 3% 5 Schmid et al. (1980) HIILE 24}
RAMER I, JEIE, AT 973K B L& L AL
(BER; 3464k n) 5 Schmid er al. (1980) B 2 FER AN
FEPIN HEEL (n=7.6) LW R, MO, FATER S
M (1073K 1 1173K) 404 s il G 4o w3531k 5. 96
F15.23  7E3X IR E R Carrara KIS 19728 TE 5 Schmid et al.
(1980) ) —#F, o )2 AR AR A s bl iy o BT LA B4y

B, BATEARAENLH 2 p B A 3 — G — BN T 18 % n
(B, (EFRATREDS L A0 D) 0 15 AW S Hp Carrara JCHE 1Y
AFFEALHS Schmid et al. (1980) FFTHIFHLH]E—B0H

XIE 173K (1073K FIMIRAZ I R A hf 973K I i T S8 5
AU 209 B S H6 2L n, BOF 3185 n =6.44 £ 1. 21,
5G4 (4) RO RIAE# A ~ 10777 S5 F AR 5k
BEFNIELIE A R T B TR B 1A 60 ARAEIA] 6a PR T7 AR, 3
AR MG RE Q =348 £40k)/mol,Ind =3.3 £0.7, 5
SETRE, g 7 U FATT A KA 55 Schmid et al. (1980) SE5
Kt Z 18 22 5, AT 13 A P Sb AN 6b #EAT T8 L
BB, AR Schmid et ol (1980) fR) K dh HEBATT A
%, A5 R EEBATTI S 5, 1X 15 De Bresser et al. (2005) 13
HI B HEA— 2,

5 g

1E 300MPa [# & .873 ~ 1173K & BEF LI KX 29 107 ~10~°
sTURASHER TS FRATTX Carrara KILH AT T — FR 5155 R A7
A —FIB RN AR AL, Carrara KILEAE R —FIK
SR JSE PR M 5 A, T AT D 2 U R 7 R ) e L
Z IR KA 2 o AEILADA A TR B T (1 i 25 7
i Carrara R HY AT, (145 LS 250 B FGK 21200
ST 0 IO AR S5 HAT U/ 5 T 7 2 R A 4 1 0 25 (A5 U i AR
ARSI, LRI B0 A e AP B9 A B £ HE K, AH R Y
FooE AR B 2338 R, AR S 1 /I R 7 -y A% il 28 1) T
REABEREW, FEN SR < ~2% B, Carrara KILEHTE
FEAR IR 5% 150 IV 2 T 22T 1 7 -1 7 il 2R AT 2R 00 A 1Y
NEARREAL o MAE R AR B R 38 ~20% B, Carrara AR BB H
B S 0 N AR R ARAT O SXAR P BB i e T T R R A A
HEEMTE .

HETRERSHRHTELE R, RATIES 1 1E 873K Film



RE M ; Carrara K EHESHELTH ERHR
73K 1073 K 973 K
@, 173K 073K 3K
I Confining pressure =300 MPa
42 Strainrate=~10"s" a
‘w
& L
2
2 39 -
2
@
< L
e
g 36 4
&
o L Q=348+40 kJ/mol
= n=6.44+121
33 InA=331+07 4
L 1 L 1 n 1 i 1
0.00084 0.00088 0.00092 0.00096 0.00100 0.00104
1/T(K)
b 1173K 1073 K 973K
( )4.5 T T T
B This study u
42 | @ Schmidetal. (1980) o _
=
(-9
=3
§ 3.9 -
& -] |
w
I
8 o
£ 36 |
=
o . o »
= Py Confining pressure =300 MPa
33 Strainrate=~10"s" T
| |
1 " 1 n 1 " 1
0.00084 0.00088 0.00092 0.00096 0.00100 0.00104
1/T(K)

(516  Carrara KIFAARTE 00 1Y) 2545

(a)-ZERE NTE ~ 1 x 10 7% s~ 107 A% 3 5 T ) 0 13 181 2 ity 43¢ 12 5
(b) -AHFFEFN Schmid et al. (1980) 7£ ~1 x 10 7>s ~! jij A8 i %
T 2 N3 B R R R

Fig. 6

Carrara marble

Mechanical results of deformation experiments on

(a) -differential stress at strain rate ~1 x 10 3 s~! plotted against
reciprocal temperature. Best fit line is based on linear regression in
Ing-1/T space; (b)-differential stress-reciprocal temperature at
strain rate ~1 x 10 35! from the present study and Schmid et al.

(1980)
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