e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

)1 PG R RE BT B 2k Y A AR e A e e A A Y

fr g%, &Fh, Z%& K = AAF, B K F F, F &, FKZ

Creep characteristics and nonlinear creep damage model of Bocigou formation slate in Kangding-Xinduqiao section of West
Sichuan

HE Xiao, HOU Shengshan, MENG Xiansen, CHEN Liang, LIU Mingxue, FENG Zhen, LI Ang, JI Feng, and GUO Changbao

TELEIREE View online: https:/doi.org/10.16030/j.cnki.issn.1000-3665.20220904 1

TR BRI A S

Articles you may be interested in

PUAYEE W AN R S KRR AR R R

An experimental study of the creep characteristics of loess landslide sliding zone soil with different water content
TR, XL, E AR, k3R, A T, B 07 K SCH BT T AR BT 2022, 49(5): 137-143

[ B | RV N ot ) 21z e W R D95 %A S R

Experimental investigation of influencing factors on the long—term strength of sliding zones of the Loess—Hipparion laterite landslide
BUHEE, XUPRTE, 25308, WO, R0 K, 22 fE A /KU TREHLTT. 2022, 49(2): 148-156

ST R R ) A A RS

A study of the creep model of rock considering fractures and thermal damage

e g, 2R, B KSCHLBT TREHLTT. 2019, 46(6): 46-56

LU e AU AR R Y

Creep tests of red—bed sandstone after high temperature

20, ARG, BT, AR, TRIRAR, 25FF K SCHE S TR BT, 2019, 46(1): 71-71

ARA AN 0528 2R e 28 B AR5

An experimental study of the creep mechanical properties of unsaturated soil and empirical models

BN, X I K SCHBR TR M. 2019, 46(6): 67-73

IK—FAE R T D e 5 KA AT A AL Y

Constitutive model of water—damaged silty mudstone under water—rock interactions

2R, ABRE, FLLUR, AR, A, WP K SCHb BT T RS, 2021, 48(2): 106113



http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202209041
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202109025
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202104012
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.2019.06.07
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.2019.01.10
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.2019.06.09
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202004007

ERIESIE S TR SCH T T AR b T Vol. 50 No. 5
2023 4E 9 A HYDROGEOLOGY & ENGINEERING GEOLOGY Sept., 2023

DOI: 10.16030/j.cnki.issn.1000-3665.202209041

g5t , P, d e AR, A5 )1 G g — R A B 0 o Y 2 s A e e N A O AR [0, K SCHB B AR B B, 2023, 50(5): 107-
116.

HE Xiao, HOU Shengshan, MENG Xiansen, et al. Creep characteristics and nonlinear creep damage model of Bocigou formation slate in
Kangding-Xindugiao section of West Sichuan[J]. Hydrogeology & Engineering Geology, 2023, 50(5): 107-116.

NP0 FRE—# &R B R A AR A 1R 3
1% A 15 o AR 2

TR RELT EEAY R B AMEN B RS B0 F B R
(1. RMEIRFURAREGEERAARAF AR ELEET, W A 610059;
2. PERAFRELEMNE ((ARTRIHFRERZRF TP ) , LK 100081;3. 8 K F R wN
IR R EFIAF MR, W HE 625099;4. B R TR K FH AL L K IETRE T
AFARAH P, LK 10008155, F B RAAF R A FAALA, LT 100081 )

WE: A0 BEERE S A WA KINRE A B WO AR o BB TR [ P A DX A PR BE T A JT 42, (R IE TR At
o SR AR IIARE , 3O VD BT e SR 2 IV RS T 25 1 WG AR e PR O 0 o A% 0 ) 5 A A A A 2R X LA A o e 5 48 B
B AT e 0 il L SUA 055 20 R i UK 92 R v AL A o ) 5 R AT A S P L IR, B B PG R SE — B A AR
Bl R W AU TR B, 76 A W0 SR 58 55 A A W i 4 Sk b O e T AT AR T, S AT T 9 R T AR T R
5 S5 AF T BT R AR, $8 7 T AR 0 70 A e X AR e R vl 4 A T L A P D T O A e R e B AR 0 BB AR, AR
P37tk , ST % 9 V4 JEUARE 28 v A A T A AT TR, S S AR IR 0 R I B ) R B AR R WP AR AT SRR, AR
AR LA THiR IR 55814 RO 8 Sy = {1 g K S 3 A B R S S i s AR ISR A 20.29%0~27.1% Tl R 1-stOpt X 3E
LR R R AR Y AT SRR, A BB N S IR W & BB, AR SC R BUR F) 0.945; BB E T AR, Sk AR
P B A A5 AR T LA B A AR T 5 XA S Ay B AR AR o IR ST T A O LB B AR P4 AT SR At BRI AR A

IR WA =S I AR s U5 B s AT G AR R A AR, SRR
FESHEES: TU4S EMRERS: A XEHS: 1000-3665(2023)05-0107-10

Creep characteristics and nonlinear creep damage model of
Bocigou formation slate in Kangding-Xindugqiao section
of West Sichuan

HE Xiao"?, HOU Shengshan***, MENG Xiansen'?, CHEN Liang>**, LIU Mingxue>**, FENG Zhen™*,
LI Ang”**, JIFeng', GUO Changbao’
(1. State Key Laboratory of Geological Disaster Prevention and Geological Environment Protection, Chengdu
University of Technology, Chengdu, Sichuan 610059, China; 2. China Institute of Geo-Environment
Monitoring (Guide Center of Prevention Technology for Geo-Hazard, MNR) , Beijing 100081, China;

3. Observation and Research Station of Geological Hazard in Sichuan Ya’an, Ministry of Natural Resources, Ya’

Wi BHEA: 2022-09-19; f&ITHER: 2022-12-01 ML : www.swdzgedz.com

AR EZEEAHARTRITE (2021YFC3000505) 5 H [F 1 [ 7 25 5 b 5 8 2 5050 H (DD20221748)

E—EE: M5 (1999-), I, WlH W5 A, T8N FHEIGT 5548 T 55 A 05 28 25 ALt B 98 T/ . E-mail: 810540839@qq.com

BAEE: BEXI0(1977-), B, 184, SR g TR, 3252 A =R b J55 ¢ 3 ) 4 W AH SCHF5X . E-mail: houshengshan@mail.cgs.gov.cn


https://doi.org/10.16030/j.cnki.issn.1000-3665.202209041
https://doi.org/10.16030/j.cnki.issn.1000-3665.202209041
https://doi.org/10.16030/j.cnki.issn.1000-3665.202209041
https://www.swdzgcdz.com
mailto:810540839@qq.com
mailto:houshengshan@mail.cgs.gov.cn

- 108 - 7K SC L T 5

an, Sichuan 625099, China; 4. Technology Innovation Center for Geohazard Monitoring and Risk Early
100081, China; 5. Institute of Geomechanics, Chinese Academy
100081, China)

Warning, Ministry of Natural Resources, Beijing

of Geosciences, Beijing

Abstract: The creep characteristics of rock are closely related to the long-term stability of rock mass. With the
excavation of deep buried tunnels in west China, in order to ensure the safety of engineering and the long-term
stability of underground buildings, it is particularly important to study the creep characteristics of rock under
complex stress conditions. The traditional creep constitutive model is difficult to accurately describe the
accelerated creep stage of rock, and the existing creep model is difficult to fit the creep characteristics of the
Pocigou Formation slate. This study takes the Bocigou Formation slate in the Kangding-Xindugiao section of west
Sichuan as the research object. Based on the identification of geological environment background and rock mineral
composition, the unloading creep test is carried out. The deformation characteristics of the Bocigou Formation
slate under unloading conditions are analyzed, and the creep characteristics of the slate and the damage evolution
law during unloading are revealed. Considering the cumulative damage effect in the unloading creep process, the
damage variable is introduced to improve the Newtonian element in the traditional Nishihara model, and a creep
damage model which can describe the accelerated creep stage is established. The results show that under
unloading conditions, the deformation of slate is dominated by instantaneous elastic strain, and the creep
phenomenon is significantly enhanced with the increasing deviatoric stress level. The long-term strength of slate is
reduced by 20.2%-27.1%. The 1-stOpt is used to identify the parameters of the nonlinear creep damage model.
The fitting theoretical curve is in good agreement with the experimental value, and the correlation coefficient
reaches 0.945. The improved nonlinear creep damage model after the introduction of damage variable is more
reasonable for description of the unloading creep characteristics of slate in the study area, which provides a
theoretical basis for the stability analysis of surrounding rock under relevant working conditions.

Keywords: slate; triaxial unloading creep test; long-term strength; unloading creep damage model; parameter
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Fig. 1 Regional geology and tectonic map in the Ya’an-Xinduqiao area (modified from Ref. [14])
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Fig. 9 Original elements of the constitutive model
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Table 2 Parameter identification results of the Nishihara
improved model under the initial confining pressure of 7.5 MPa
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Fig. 12 Comparison of the unloading creep and the Nishihara
improved model curve under the confining pressure of 7.5 MPa
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