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Creep behavior of deep sandstones under stepwise
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Abstract; To study the creep deformation characteristics and visco-elastic-plastic deformation law of sandstone under
deep high stress environment, the triaxial compression creep tests were conducted on sandstone specimens after the ini-
tial stress was restored by step increment loading and unloading method. According to the test results, the strain was
decomposed into instantaneous elastic strain, instantaneous plastic strain,sticky glue elastic strain and plastic strain for
further analysis. The steady-state creep rate method was used to estimate the long-term strength of deep sandstone , and
verify the model based on fractional order to improve the applicability of the deep sandstone creep model. Contrast was

conducted to analyze the fitting effect of the Nishihara model and the improved deep sandstone creep model on the test
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data. The results show that in the creep process of sandstone,in the instantaneous elastic strain stage the deformation is
maximal ,which accounts for 70% to 80% of the total deformation. With the loading level increasing , the transient elas-
tic strain and the transient plastic strain of the deep rock specimen increase gradually. However,the increment of the
transient plastic strain decreases first and then increases, indicating that the defective microelements in the specimen
are destroyed during loading. With the stress increasing, the unrecoverable viscous flow becomes stronger. Moreover,
the viscoplastic strain increases rapidly and the plastic deformation accumulates. When reaching the high stress level ,
the creep deformation shows the coexistence of viscoelastic deformation and viscoplastic deformation. By analyzing the
steady-state creep, the stress threshold when the steady-state creep rate is not zero was obtained. It was regarded as the
basis to calculate the long-term strength of deep sandstones. It was estimated that the long-term strength of deep sand-
stone is 66 MPa,around 77% of conventional strength. The least square method was used to fit the creep model and
the Nishihara model of deep sandstones and identify the parameters. It is concluded that the improved fractional model
can better describe the constant velocity creep and accelerated creep of deep sandstones.
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creep constitutive model
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Fig.3 Strain curves of the first two stages of the initial test
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Fig.5 Creep curves of rock under 6th stage loading
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Fig.6  Creep test unloading curves of deep sandstone
2 FEBIIETE S

T A A 2 TT DA A PR A
oL TR S &, RS 6, DK
IR ik SR o My T 00 3 o
e, RO HIBRIBERTE o, 5 0B b R 25
e RN TR OB PE RS e USSP 7 7
R, B

e=¢g  te&

me mp

+8ce+gcp (1)

S,
g
©

K7 B s e AL I B R
Fig.7 Component of viscoelastic plastic strain
Xof A — SN A P N 0 B 18] i P A e,
H1 2 T2, B



w2

SR SCAT  DRHR A A R o 2 A e 665

8AD=8WU)+8WU)=aAD+ngaMn)

(2)

Kt e, (i) 8. (i), &, () RN« PO B

BRAZ AR FHSRE NS BE VRN AR Ae,, (n) A n
T B EBVE AL

ot e, (i) e, (i) e, (i) SRS @ SR B - (e ()
RS BEBLPERI S BRIAPERL S A, (n) J% n B _
AN RS 7 A &

ST o WA 8 B e 07 25 1 S AR 1T 2 5 AR 0 f

52, T LABCRE TIN5 0 2eied A v ) 280 3 e R R R R
O DTRT AT A DA T 28 el 26k 8 v 7 A ik 5 ) 2%
PR R AR ARSE . Gl 8 FT s ¢ Al 105 A g st
MIRESRNEN AL &, 0 1 T Oy D A 1) 286 5804 oz A% —
& » O P DATED 280 I 00 A5 I K O 1) 7 A8 A B 2
PR E Bl e, =-¢,.

TERE SRS AR s A R IS &, H 2 ¥4
Ji, Bl

aU)=&AO+8WU)=aAU+f2A&JM (3)

& (1)

(€8 WA i A ek e 1 AR
Fig.8 Viscoelastic strain in creep process
106 S 00 A+ 3 B S 72 R A VAR R 4% )
T 2 B R AT A R B ORISR 1, T
55 6 N B K K AR I i 7 S BOL R R,
ok A 6 90 B A AR P B O A T
LK

R1 SEMBDFEFHTRHEENEXNE

Table 1 Testing results of visco—elastic—plastic strainunder step load and unload
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Table 3 Model parameter fitting results(oc=0)
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Fig.13  Comparison of fitting results and test data



668 # 2

#*® 2021 44 46 %

5 & i

(1) XA A AT RGN 38 )55 n#kiAss:
el 738 1N A8 R A3 125 kg Wi s 1 I A8 B 9 A | Rl i
PR I S Rt S P A U B R e A B iR I S R
TIE o N A8k A v ik 5L by 722 0 5 58 A 1 72 387 e iy
JIYERTE I, R 2 A N AR R SN R K T
HIAE NN 230 A sl PN A SBOIE ) SOT AR i e I 9
PEASTEHERR

(2) BEI N 17K HE I, TR S A AN AT R B Y
FhPEin shhg o R I 0 AR R TR, 7 = K P
T, A R AR AR 3R B R A R AN R A Y
R,

(3) AR g 7K B A2 2 A A 30 ik 3 5 72
S5 TS H A WU AR RO Y N )R B ) A
A R AH T ARSE 5 N ) 5 R — Bt ]
PG AR

(4) 2R FHAR S I A5 T 238 ok Xo) 4% Tl 0l A8 TR 3 A
RIFUREBID KR BE R 66 MPa, 24 K & B8 B
1 77%

(5) Wi 1 Bhth 5 1Y o3 E0 0 76t 55 28 1 e 22 45 4
RO URFR A i M | 5 /N e i v 90 4
P AT T AR AR TR FN P JEAR B () 405 5 S HORN, It
ATHLERCRXT LA AT, P e s i) e AR RS A ] LA
I AR TR D 4 i R R AR AR

£ 2 3Lk ( References) :

(1] L0 (i, XM Aa e S TR M. JEat. Bl diiR
#t,2009:1-5.

(2] PRE. SERE A% 5 RS SRR ()], Bk,
2019,44(5) :1283-1305.
XIE Heping. Research review of the state key research
develop — ment program of China; Deep rock mechanics and min-
ing theory [ J]. Journal of China Coal Society, 2019,44 (5):
1283-1305.

[3] ke PREE SGMET A AR N[ 1], A a1
5T %R ,2004,23(2) :218-222.
ZHANG Zhongting, LUO Jujian. Study on creep properties of rock
under step load[ J]. Chinese Journal of Rock Mechanics and Engi-
neering,2004,23(2) :218-222.

(4] vt BAHE, {70, 45, S I 28 451 40 A 20 B O AR 7 1 20 A
[J]. #E5%4R ,2009,34( 1) :64-68.
WANG Laigui,ZHAO Na, HE Feng, et al. Rock creep damage model
and its stability analysis[ J]. Journal of China Coal Society,2009,
34(1) :64-68.

[5] EZW,CHEE, UL AR PR T A a2 aid 1]
BSR4, 2009,34(2) 1 169-174.
WANG Zhiyin, AT Chuanzhi, TANG Mingming. Complete process of

[10]

[11]

[12]

[13]

[14]

rock creep in different stress states[ J]. Journal of China Coal Socie-
ty,2009,34(2) :169-174.
AXTEAR, BV BRUCTL , S5, 43 G0 G 20 9 B A i
BRI, P, 2008,33(7) : 748-753.
ZHAO Yanlin,CAO Ping, CHEN Ruanjiang, et al. Creep properties
experiment and model of jointed soft rocks under step load and
unload [J]. Journal of China Coal Society,2008,33(7) :748-753.
T, EOF, T30, A SO A N RS S A AR
HERBTFE )], A0 J1% 5 TR, 2006,25(8) :1575-1581.
YUAN Haiping, CAO Ping, WAN Wen, et al. Study on creep rules of
soft and intricate ore—rock under step load and unload[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2006, 25 ( 8):
1575-1581.
XUHr e 2R RS, A AW, A TR N YR R B I R R M
WISRBERTIEL )], A0 1% 5 TR, 2020,39( 1) : 138-146.
LIU Xinxi, LI Shengnan,ZHOU Yanming, et al. Study on creep be-
havior and long—term strength of argillaceous siltstone under high
stresses[ J]. Chinese Journal of Rock Mechanics and Engineering,
2020,39(1) :138~-146.
TR, 267 48 VL. A A AR SR PR R T 28 PR it AR RS 8 (] ¥t
) BRI R[], a0 J12 5 TR AR, 2006, 25 (3)
433-447.
XU Weiya, YANG Shengqi, CHU Weijiang. Nonlinear viscoelasto—
plastic rheological model ( Hohai model ) of rock and its engineering
application [ J ]. Chinese Journal of Rock Mechanics and
Engineering,2006,25(3) :433-447.
XZRHE, Mz RT3, 55, Bn R G Rt ) Burgers
BER A ek 5 0 [)]. e b TR A=A, 2011, 33 (11)
1740-1744.
LIU Dongyan, ZHAO Baoyun, ZHU Keshan, et al. Direct ten-
sion creep behaviors of sandstone and improvement and application
(1]
Engineering,2011,33(11) ;:1740-1744.
WRSC, FhBE ), 2RV R 0 S TR IR A 43 R O R
[M]. dbst Bz it , 2010.
JAZA, BEN, Bk, 5. T S B A R A
BRI J]. o R W32 T 2 K 0%, 2012, 42(3) £ 310
-318.
ZHOU Hongwei, WANG Chunping, DUAN Zhiqgiang, et al. Ther-

of Burgers model Chinese Journal of Geotechnical

heological constitutive model of salt rock based onfractional deriva-
tive[ J]. Scientia Sinica Physica, Mechanica & Astronomica,2012,
42(3).310-318.

SAE BERIE X, AL 3 B 50 1 0 AR AR T 8 B Y
[J]. HA D125 TR, 2014,33(5) :964-970.

WU Fei, XIE Heping, LIU Feng, et al. Experimental study of frac-
tional viscoelastic — plastic creep model [ J]. Chinese Journal of
Rock Mechanics and Engineering,2014,33(5) :964-970.
=SS N ViRv S PN e R e R e S & i (O
AERUIL ). AR, 2019,44(5) 1456~ 1464.

XU Duo, WU Shiyong, ZHANG Ru, et al. Creep characteristics
and creep model of deep buried marble at Jinping underground la-
boratory [ J ]. Journal of China Coal Society, 2019, 44 (5):
1456-1464.



712

5K AR SCAE - RARID 5 7320 6 B o ) 2B s A e 669

[15]

[16]

WU F,CHEN J,ZOU Q L. A nonlinear creep damage model for salt
rock [ J].
28(5) :758-771.

ZEIR O AR S, S AT OB TRER A AR SR A
L] PR R (A RBERL) , 2011, 42 (11) £ 3465

International Journal of Damage Mechanics, 2019,

=3471.

LI Na,CAO Ping, YI Yongliang, et al. Creep properties experiment
and model of deep rock with step loading and unloading [ J ].
Journal of Central South University ( Science and Technology ),
2011,42(11) :3465-3471.

R 3CHE XITE X, . ARSI A8CT TR D e = i A
PRSI )]). ARICE,2012,21(5) :127-134.

GAO Wenhua, LIU Zheng, LIU Dong, et al. Experimental study
on triaxial creep behavior of deep siltstone under stepwise loading
and unloading [ J]. Journal of Natural Disasters, 2012,21(5):
127-134.

XUHE. A AR AR AR [ M. Jbat ST iRFl, 1994 . 180-210.

[19]

[20]

[21]

ZERAL BRI, AR, AF. BT AR 0 Y 1) 2K D R 5
FEPEM (], TRES12%,2010,27(11) : 127-136.
LI Liangquan, XU Weiya, WANG Wei,

et al. Estimation of

strength  for Xiangjiaba sandstone based on

Engineering Mechanics, 2010, 27 (11):

long - term
rheological test [ J].
127-136.

TR IR DRI SR TS R Bk o D A R R R B
PERFIE )], 5 A0 5 TR, 2012,31(8) 1 1642-1649.
ZHANG Qingzhao, SHEN Mingrong, DING Wenqi. Study of me-
chanical properties and strength of Jinping green schist [ J].
Chinese Journal of Rock Mechanics and Engineering, 2012,
31(8) :1642-1649.

ks BRI APMBT AR [T]. A1
5 TR, 2004,23(2) :218-222.

ZHANG Zhongting, LUO Jujian. Study on creep properties of rock
under step load[ J]. Chinese Journal of Rock Mechanics and Engi-
neering,2004,23(2) :218-222.



