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Abstract: In order to study the time-effectiveness mechanical properties of rock mass engineering in cold regions under the

coupling of freeze-thaw cycles and long-term loads, the triaxial multi-level loading and unloading creep tests are carried out on

saturated red sandstone under different freeze-thaw cycles. The results show that the effects of freeze-thaw cycles on the creep

deformation of red sandstone are related to the loading stress level. At low stress levels, the viscoelastic strain of rock increases

approximately linearly and slowly with the increasing freeze-thaw cycles, and at high stress levels, it increases nonlinearly. The

viscoplastic strain increases linearly with increasing freeze-thaw cycles. The fourth-level loading stress level (70% o, ) is the

boundary point of the creep deformation characteristics of red sandstone. The steady-state creep rate of red sandstone increases

exponentially with the increase of the freeze-thaw cycles. Based on the creep test results of the red sandstone, the

freeze-thaw-damage creep model considering the effects of freeze-thaw cycles and creep damage is established. The creep

equation for rock under three-dimensional stress is obtained. The proposed model is verified and its parameters are identified.

The theoretical and experimental data are in good agreement. The influences of freeze-thaw cycles on the model parameters are

analyzed. The research results may provide a theoretical basis for the construction of rock mass engineering and long-term

stability analysis in cold regions.

Key words: red sandstone; freeze-thaw cycle; multi-level loading and unloading creep test; creep property; creep model

0 35 B

BEE AT ISR R, R ) ATk T
SR BRI TF TR, MRS, AR LR
WTRRS . R A TRREINE T e
ST BEIR RIS A, WV . BRI
KMARETEE., BREHROE KB, S

HIEARIKIT R GREE IR . LRI S A FITEE
MIRRL R T, AR TRE ARG SE TN 22 4 32 B
i, g AR BONR IS E A R IR A Bk k. IR AT

EETH: ExERBFIEESTE (11972283, 11872299); BEFE H
RRHESEEIH (2017IM1039)

Uk EEA: 2020 - 08 - 10

*BE1EHE (E-mail: zhanglt95@163.com)



842 =

+ T B % ik

2021 4E

FOURRIR N A0 (R RO S A AN T AR R AL %o
TIEX A A TR a8 E MR R E By in BoA B
AR AN (BRI S S

TR, MREFEAEURRIIAE T 5 0 1) 2R
AN AR J5 T T KT T A . Yamabe 25 AT
T R BRI o A R 1 o R i A L e U
TEHARE BRI Chen SEPDGE AN R B 7K 2R I Bk
DR TEAT VR BRI IR0, AT AT T RRIIASR T & /K30
HARFE IR Yavaz SO 12 FBRIR s T Rk
R RIG, A BLRR o R R . A AT
JsmFES I T AN RRE RE R T B Bz ISR A CT
REEABE TT T UR A RS CT A A s
KA BOLEERWEIT T AR SRS A K VR Rl L
FE S EER R BESIBFSECT IE 1 VR Ak R B0
LR B DT 5 BE (o m AU, JFIR T PR R
A BB AETIRI RS BT TR E I
WHFE T REIE A S WIS RER R, A a it
FACHLEE; ok B EES IR R Rl LD 5 TUSREAT
IR, TR Rl X A s R R AR AT
MR RE , RESL T YRR 2 AT S O R R AR
R RS2 AF A 3 05 A R s Lu S 0O 4 451l B fa b 5 3k 4T
VREAPEAR I AN =Bl 4t e, b T URBRE R
JIEER VR RIRANA R ST UR Rl A AR BT T 4
P ITRE s BT S LSS MR R G4 U5
RIEIA S St IR A iR, WA T 2R B A A X
A 1R B AR A A R A

IR TEAE R RIS T A A SR A B O LB
T3 AT A R FORCR o AR SRR TR AR AL
b B A R AR BRI E T T, T S0 a8
T IR ARAT R A R TR IR E . S
ER TR E EFE R, Bk, W REIAE T
EAAAE RGBT IR AR R T+ e B Tl
FR, O BE BRI AR N A iR AR
P S AR AL AT C . Fabre 551516 3 AN [FL & M 11
Ve AT T ISR, WAL T A P A I Ay
PRI Tsai S5O0 55/ E5WD A HEAT T 8HACA 5,
WHIE T iR A FEAE RS R A SN TRJ AR 9K R 5 Yang 461
RGBT T =Rihig A k06, BT 1 B o A i A2
REPERIREI ;. W75 SR A B BRA BEAT T A R VR A
IS I =Pl ARG, WFFT T RRRE A S A i
AR R SEIR s Li SN0 R RS B0 S 24T T IR AR
B, WEITT T URBMEI N B 4R A AR S S LRSS IR R
Wi s o B PRGOS 5 EAT T A [ R R A 26 A T
iHASAS, I TR T, A A AR A
i AR T R S A R AR R, AR DR AER U HH —

AN ELMERENE T, LT B A R AR =B
B AR Ve RSV I AR R 2R MR AR A2 AN A i
FEMF T I AR YCA TR AW, R REB L
VR YA R AR IE IO R S B AR R M E I AR B A

ER PR, H RIS A6 AR S AL 7T 5 T
TS —E MW TORER ORI T VR R A 72 D
FEAE TN (R AR LK 2 RE R R ERE i (AR A Y
WEFCIEAR WAHSGRIE . F T2, ASCRMEMZIRD & o
KR, A FIRRE AT T RZL A HEAT =7 20 0
BUFAS IR, WHTCRRIEM N 5 A i AL ML 2R
AR ik 6 45 SR A ST 2 FE R R A TR0 o A i A 1
PIRE R Rl B O i AR AR, RO JE XA AR TRE A K
WRE MEVP IR PEE IR 4R T .

1 REHE
1.1 REEHE

X BRI B (P LT RD 2 2 B AT R LSS, $ IR ]
Brea A 7125 2 2 I IR B FLICHE A O D #) 47
BENEAE 50 mm, fEFE 100 mm, U AP RN
it 0.02 mm MIARAESFE, WE 1 FR.

B aREER
Fig. 1 Rock samples of red sandstone
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Fig. 3 Multilevel loading and unloading method for triaxial creep

tests on red sandstone after freeze-thaw
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Fig. 4 Multi-level loading and unloading creep curves of red
sandstone under different freeze-thaw cycles at confining
pressure of 2 MPa
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Table 1 Deviatoric stresses in triaxial creep tests on red sandstone after different freeze-thaw conditions at confining pressure of 2 MPa

RN et P BOE iR 737K ¥/ MPa
s i /(m-s™) G B BEHR BNE BEER BA%
0 24-6 1185 8.27 10.34 12.40 14.47 16.54 18.60
1 24-16 1174 7.65 9.57 11.48 13.39 15.30 17.22
5 24-9 1191 7.12 8.90 10.67 12.45 14.23 16.01
9 24-22 1164 6.74 8.43 10.12 11.80 13.49 15.17
13 24-1 1180 6.60 8.26 9.91 11.56 13.21 14.86
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Fig. 5 Change of creep strain with number of freeze-thaw cycles

under different stress levels
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Table 2 Model parameters after 5 freeze-thaw cycles at confining pressure of 2 MPa
i 7 73 Ki(N) Gi(N) Ka(N) G2(N) G3(N) ni(N) n2(N) a(N) R

/MPa /GPa /GPa /GPa /GPa /GPa /(GPa-h')  /(GPa-h'!)

7.12 0.823 0.706 10.248 8.679 27914 35.707 0.9803

8.90 0.892 0.681 11.358 7.761 29.650 31.068 0.9453
10.67 1.014 0.678 12.033 6.435 33.722 29.147 0.9719
12.45 1.152 0.660 13.714 5.726 26.912 37.183 0.9486
14.23 1.302 0.640 14.847 4.895 27.377 38.027 0.9935
16.01 1.354 0.631 15.628 4.120 26.642 35.014 11.587 0.286 0.9524
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