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Abstract: The creep characteristics and damage properties of interlayer shear belt of high abutment slopes affect the long-term

stability of high dam projects. The shear creep mechanic characteristics of interlayer shear belt are studied based on the shear

creep mechanic test, and the long-term shear strength parameters, accelerated creep properties and change rules of shear creep

rate are analyzed. By analyzing the rules of creep damage evolution of interlayer shear belt, the damage degradation effects of

mechanical parameters over time and over accelerated creep are discussed. Based on the Nishihara creep model and the creep

damage evolution equations, a creep damage model is proposed to reflect the creep damage process of interlayer shear belt of

slopes completely. The comparison between the calculated results of creep damage model and the test results show that the

proposed creep damage model for interlayer shear belt of slopes is available and reasonable.

Key words: high abutment slope; interlayer shear belt; shear creep characteristic test; creep constitutive model; damage

degradation effect of parameters
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Fig. 1 Interlayer shear belt of abutment of rock mass
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Fig. 2 Typical interlayer shear belt of high abutment slope

15¢

JQ* 1A 365 kPa

12}
é o1 350 kPa
R 300 kPa
&6
B 200 kPa
= 3l

100 kP
G 1 L 1 1 1
0 5 10 15 20 25 30
nEER TR/

(a) ¥E[A M F70.40 MPa

s 400 kPa

0 5 10 15 20 25 30 35 40
piIE=AN G
(b) ¥R F70.60 MPa

JQ-*3RE 420 kPa
10f
E 8
8 6l
s
w4
2
01 : — : — S
0 5 10 15 20 25 30 35 40
JnEmTal/d
() ¥ F70.80 MPa
8 _
TQ- 4 RE 480 kPa
£
ﬁ 4r 400 kPa
R
Rl so0kpa S0k
100 kPa "
of

0 5 10 15 20 25 30 35
Sl
(d) ¥ ¥F71.00 MPa
3 BEsEETHEIYIIE T Lk

Fig. 3 Shear creep curves of interlayer shear belt
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Fig. 4 Isochronal curves of shear creep of interlayer shear belt
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Fig. 5 Relationship between critical shear stress and normal stress
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layer
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0.321 1.130  0.027 2 0.246 0.872 0.035




%59 WA, S WUR el )z R sl 59 D) AR R v 5 BRI ST 1681
10r o WM o (DING Xiu-li, LIU Jian, LIU Xiong-zhen. Experimentalstudy
gs_ _____ g%ﬁgiég on creep behaviors of hard structural plane in TGP's
R 6r permanent lock regions[J]. Journal of Yangtze River
%4' Scientific Research Institute, 2000, 17(4): 30 - 33. (in
2r Chinese))
S e 1o 31 BT, R B, WEHA R, Wbk r ok L 9 D 2
pECHICT SR PERTST[D). 15, 2007, 28(5): 895 - 903. (YANG

10 BERAGREBEMSERSIKWE R
Fig. 10 Comparison between calculated and test results of creep

damage model

5 %5 it

COTEARK TR 102 2 R A A7
ERATICRYE, 2 TR IRE Mk KB, A
S 43T K LR e i 2 P i 4
YA Sy R, R IR 5 UG AR 5 1
74 BB 1K AT W RIS s BV R
FOSII, BB R R A A T ] ks
R S L T B L, 489 R g
SR T, B R A B AR B
ok R s B AR B, T LI A i ) L5 3 )
KA

CoORIFE B HIRE Ay - B A i i e 1 51
T HUR SR A B R K3 S8
WFFE R B IR )k T KB DI, Bl 4
L1 0 5 e AR AR T LM AR I
FEELIN T, S BB H R B R
P KR R

(LA 18 T R 2 A B BN ) A
PHBA 25 PSR BT A5 L 5
BE, G T SRR WU B RS S A A 1
S RN ARI, 55 AR R
E 74 B ] LU W2 S B 1 ) %
LI BT | SRS . R S,
S I L 5 B0y A 5 ke A

Rk

S

[1] B B AR R RN BT T R[] &
£ 1155 TRESAR, 2007, 26(6): 1081 - 1106. (SUN Jun.
Rock rheological mechanics and its advance in engineering
applications[J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(6): 1081 - 1106. (in Chinese))

2] T, x| g, kT =0k e DXORE M 5 A T AR
PR B WF T (0], KALRN 2 BEBedi, 2000, 17(4): 30 - 33.

Sheng-qi, XU Wei-ya, YANG Song-lin. Investigation on
shear rheological mechanical properties of shale in Longtan
Hydropower Project[J]. Rock and Soil Mechanics, 2007,
28(5): 895 - 903. (in Chinese))

[4] FK¥f5E, AR DAL, B, A SCIUK R gy T Y
DIRASRIHTTE ). A4 07 TREAAR, 2010, 29081
2): 3693 - 3699. (ZHANG Zhi-liang, XU Wei-ya, ZHAO
Hai-bin, et al. Investigation on shear creep experiments of
sandstone with weak plane in Xiangjiaba Hydropower Station
[J]. Chinese Journal of Rock Mechanics and Engineering,
2010, 29(S2): 3693 - 3699. (in Chinese))

(5] VFARMR. B9 mr R AR e v S KI5 kD). A )
2%, 1980, 2(1): 37 - 50. (XU Dong-jun. The rheological
behavior of the weak rock mass and the method of
determining long-term strength[J]. Rock and Soil Mechanics,
1980, 2(1): 37 - 50. (in Chinese))

(6] TR, HEEE, EEZ, 5 B R E AT B
AR BRI T AR, A 2, 2012, 33(1):
129 - 136. (XU Ding-ping, FENG Xia-ting, CUI Yu-jun, et al.
On failure mode and shear behavior of rock mass with
interlayer staggered zone[J]. Rock and Soil Mechanics, 2012,
33(1): 129 - 136. (in Chinese))

(7] AREZE, BRILE, HRA, & TRE MR A1 )
R RN [0]. A 2R S TREAER, 2010, 29(6):
1184 - 1192. (WU Guo-jun, CHEN Wei-zhong, CAO Jun-jie,
et al. Nonlinear creep damage model of engineered rock and
its application [J]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(6): 1184 - 1192. (in Chinese))

(8] Eaehl, T&EM, FEFL, & A e TGRS HHRLT].
B TS TSR, 2008, 27(1): 16 - 22. (LU Ai-zhong,
DING Zhi-kun, JIAO Chun-mao, et al. Identification of
non-stationary creep constitutive models of rock [J]. Chinese
Journal of Rock Mechanics and Engineering, 2008, 27(1): 16
- 22. (in Chinese))

[91 skinse, R, £ . 1 KUK BB R BT Rt s A
AR K AR MR ORI A BT S[T). A
225 TREAAR, 2011, 30(1): 132 - 140. (ZHANG Zhi-liang,



1682 P

2013 4F

XU Wei-ya, WANG Wei. Study of triaxial creep tests and its
nonlinear visco-elastoplastic creep model of rock from
compressive zone of dam foundation in xiangjiaba
hydropower station[J]. Chinese Journal of Rock Mechanics
and Engineering, 2011, 30(1): 132 - 140. (in Chinese))

[10] 5K#R %, BOCAK, KEE, 55 RS HUH AR AR A
M TN AA 1% 5 TR, 2009, 28(4): 732
- 740. (ZHANG Qiang-yong, YANG Wen-dong, ZHANG
Jian-guo, et al. Variable parameters-based creep damage
constitutive model and its engineering application[J]. Chinese
Journal of Rock Mechanics and Engineering, 2009, 28(4):
732 - 740. (in Chinese))

(1] VFER. P sm BB I RN T ). A a e s
T2 2 ), 1997, 16(3): 246 - 251. (XU Hong-fa.
Time-dependent behaviours of strength and elasticity
modulus of weak rock[J]. Chinese Journal of Rock

Mechanics and Engineering, 1997, 16(3): 246 - 251. (in

Chinese))
[12] E5tH. —Fr A M AR B[], 5 1012, 2003,

24( #9 T ): 81 - 84. (WANG Gui-jun. A constitutive
creep-damage model for saline rocks[J]. Rock and Soil
Mechanics, 2003, 24(S0): 81 - 84. (in Chinese))

[13] FI2fE, AR, 1R DAL, BT-400 ) % 1) B A B d
AR TL[I]. 54 J1%5 5 TRk, 2005, 24(23):
4253 - 4257. (WEI Li-de, YANG Chun-he, XU Wei-ya.

Study on creep damage constitutive model of salt rock based
on mesomechanics[J]. Chinese Journal of Rock Mechanics
and Engineering, 2005, 24(23): 4253 - 4257. (in Chinese))

(14] $h #4. & BAPRRRAR O TR M. dbst: b B3R
Tk Bk, 1999. (SUN Jun. Rheological behavior of
geomaterials and its engineering applications[M]. Beijing:
China Architecture and Building Press, 1999. (in Chinese))

(15] &M, B B, 8 e AR CRITITI]. &
£ 0% 5 TR, 2002, 21(11): 1602 - 1604. (YANG
Chun-he, CHEN Feng, ZENG Yi-jin. Investigation on creep
damage constitutive theory of salt rock[J]. Chinese Journal of
Rock Mechanics and Engineering, 2002, 21(11): 1602 - 1604.
(in Chinese))

[16] WA, iR, W M. AR BBORS R R AT
HUOP BT, A A D028 5 TR, 2004, 23(21): 3565 -
3570. (XIE He-ping, PENG Rui-dong, JU Yang. Energy
dissipation of rock deformation and fracture[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004, 23(21):
3565 - 3570. (in Chinese))

[17] WA, 8 W, BOLx, & AW TRBIAE P e &
BB, A 0285 TREAAR, 2008, 27(9): 1729 - 1740.
(XIE He-ping, JU Yang, LI Li-yun. Energy mechanism of
deformation and failure of rock masses[J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27(9): 1729 - 1740.
(in Chinese))



