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An internal-variable creep model for rocks
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Abstract: A series of laboratory creep tests have been performed on sandstone, shale and dolerite to investigate the creep behavior of
rocks subjected to different stresses and at different initial strains. Error analysis has been performed to study how to select time
increment for the calculation of creep rate. The applicability of time-dependent creep model in describing the creep behavior under
complex conditions is examined. An internal state variable creep model is proposed, in which the irreversible strain is considered as
the internal state variable. The fitting of test data into the model shows that the internal state variable creep model is capable of
describing the creep behavior of the three rocks in laboratory tests. A primary study of the applicability of the internal state variable
model in describing rate dependent behavior of rocks is performed; and test data in literatures are used to verify the applicability.
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Table 1 Lists of triaxial creep tests on oil sands

gy [l LI, FREEI [H]
/ MPa /MPa /h

s 0 12~36 70~120

Uik 5 5~66 65~120

WGk 15 95~195 60~140

2.1 A BRGNS

TR T A PR H DT R Ok B Ay i 4l
W, B LB g b g5 4. 2B oy
N, KOG, AR g6 . iR
G S E R 119 GPa, FAEIPIH GRE R
62 MPa, AR S 0F il ] R AE 4 0.57%. AR
55K H] TATW —2000 —HliE AR I L 5E . Ak
TR IR R el R I, 0 AR e AR A IR (20 £
0.5)C.

Bl 1 A DA B AR Y — AR i 2 o
R, FERNFRN ) 120 204 28, 36 MPa 1£ 1
T, AT A NGB B2k 4 MG B
il 1) AR I ) % 2R o il i AR o ) T 48 i
B

1) B 1/ MPa

0 0.1 02 03 04 05 06
1) Y AR /%
B 1 BAER N -R e AR R

Fig.1 Relationship between axial stress and axial strain
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Fig.2 Relations of axial strain versus time
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Fig.3 Relations of deviatoric stress versus axial strain
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Fig.4 Relations of axial strain versus time
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Fig.5 Relations of deviatoric stress versus axial strain
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Fig.9 Relations of creep rate versus time using
different time increments

M 9 HE, WA RECA 20 h B ] g0 2
395N, THCA 30 h i 2k 5 20 h AR AN, i)
I 20 h Ay v S AR I B B T o

W R ITE, AREETT, 4r sk 200 24 h fE
Ay I ) S8 B U AR S TR AR R, 18] 10~
12 53 S A Wb o D IR Lt s A 48— [V T 2% o

20
15 | g —e— Hli[i] N /] 12 MPa

) —E— Hli i B 77 20 MPa
10 F '\ —— Hij[a] . J) 28 MPa

—e— Hij[n . J) 36 MPa

SR AR %/ (10 h)

0 20 40 60 80 100 120
IF ]/ b

B 10 AR FEA R F KR

Fig.10 Relations of creep rate versus time of sandstone
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Fig.11 Relations of creep rate versus time of shale
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Fig.12 Relations of creep rate versus time of dolerite
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time of soil in tests performed with different load paths
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Fig.15 Equivalent deformation processes
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Fig.16 Unique relation between strain rate and inelastic
strain of rock experienced different load-unload processes
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axial strain of sandstone
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Table 2 Creep parameters
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Fig.24 Relations of peak strength versus strain rate
for sandstone and limestone
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