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Creep property and model of red sandstone under low temperature environment

SONG Yongjun,ZHANG Leitao, REN Jianxi, CHEN Jiaxing, CHE Yongxin, YANG Huimin,BI Ran

(School of Architecture and Civil Engineering ,Xi’ an University of Science and Technology ,Xi’ an 710054, China)

Abstract : In order to study the long-term stability of rock mass engineering in low temperature environment, multi-level
loading and unloading uniaxial creep tests were conducted on Shaanxi saturated red sandstones at different tempera-
tures (20,-10,-20 °C) using MTS810 rock mechanics testing machine. The creep property of red sandstone under
different temperature conditions and the effect of temperature on rock creep properties were studied. According to the
creep tests results, the total strain of the rock sample was divided into instantaneous strain and creep strain, the instan-
taneous strain consists of instantaneous elastic and instantaneous plastic strains,and the creep strain consists of viscoe-
lastic and visco-plastic strains. The results show that the instantaneous strain increases with higher stress level ,and the
relationship between the instantaneous elastic strain and the stress can be described by approximate linear expression.
The visco-plastic strain keeps increasing with time, and the proportion of visco-plastic strain in the total strain also

tends to increase when the stress is higher. The instantaneous deformation and creep deformation of the rock sample
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decreases with the temperature drop. The creep duration is prolonged. The damage strength of rock is increased. Based

on the deformation characteristics of rock and the creep test results,a fractional calculus was introduced to establish a

nonlinear creep model considering the influence of low temperature. The Universal Global Optimization algorithm and

Levenberg-marquarat algorithm were taken to identify the model parameters of creep test results in different tempera-

ture environments. The theoretical curve agrees well with the experimental results, especially in the accelerated creep

stage. It indicates that the model can well describe the creep behavior of red sandstone in a low temperature environ-

ment. The model parameters under different temperature conditions were analyzed. As the temperature drop ,the elastic

modulus E,(T) increases parabolically,while the elastic modulus E,(T) ,E,(T) and viscosity coefficient 5,(T) in-

crease exponentially. The study provides a theoretical basis for the long-term stability analysis of freezing method con-

struction and rock mass engineering in cold regions.

Key words :red sandstone ;low temperature environment ;creep properties ; creep model ; fractional calculus
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Fig. 1 Rock specimens of red sandstone
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Table 1 Average physical and mechanical parameters of

red sandstone
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Fig. 5 Uniaxial loading and unloading creep curves at different

temperatures
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Fig. 7 Curves of total creep,visco-plastic and viscoelastic

strains versus stress
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Fig. 14 Visco-plastic model
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&
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3.4 HRESHIRFIERIE

MR FR IR A5 XA )R A5 20D A 0
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AT RN I R . SR, b ok i T 2
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Bl IR Tz I T 4% S R U A A £ A ]
U R A0S Bl 2 1 52 2 A R 2 A SR SR ik ) AL
BN & Z R i S AL A SR B e 4
JafiAL3E 32 (Universal Global Optimization) , 7E 14 B J&)
FREVL PRBE R R A [RI N, Ak T 28 SR X IR A AR
IR, SUS S RGBS S . B M R N 0
WA 2R E LSS RN LT
Levenberg—Marquarat 5.3 X I A8 ph 26 17805, 24
BN o, We,, =00 SR (21) X G2
TR RSB S 1= o, Ml e, > 0,
R (22) #ATIIE I E B R 24, HWRRA
B, A R0 2% 1 B A5 i — G 7 Ze B4 74U
A UGS 2 R AR EL
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Table 2 Model parameters determined by fitting analysis

R Sl v H E(T)/ E,(T)/ E(T)/ m(T)/ n,(T)/ 2
n n
/¢ o/MPa GPa GPa GPa (GPa - h) (GPa - h) : ?

20 6.6 1.209 4 11.730 4 7.000 9 0.766 9 35.7853 0.999 9 2.8325 0.992 9
-10 12.7 1.878 5 28.4003 155639 2.6109 72.8409 0,999  1.6338  0.9923
20 12.7 6.2179 68.2770  21.746 6 29.616 2 — 0.028 7 - 0.953 7

B 15 IASFERE S Famaimailmas L L K R 2 PEIS S IEE N RTG53

AL 2, ATRIE ARSI i r PSR BE
EARGF A TR AN TRT I BE 2 g2t 2R | JEHOR e
WA BB, HANS BB X WU 1A SO S AR
LML RE SR R R A TE A S 3
3.5 (RIBXEESHAIF M

M2 al LU, BE 3 T Y AR 5 T 2 4
E\(T),E,(T) ,E;(T),n,(T) ,my(T) ¥H AR

BRI IS E SRR R AT .
(E.(T)=1.208 1 +0.258 1e %2 ,R* =0.916 9
E,(T)=10.716 8 + 8.035 Se 0151 R =0.932 7
E,(T)=15.5639 - 0.368 6T — 0.003 07° ,R* =1
M (T) =0.759 5 +0.656 9¢ 7573 k> = 0.903 5
(23)
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Fig. 16  Fitting curves of model parameters and temperature
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