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NONLINEAR CREEP DAMAGE CONSTITUTIVE MODEL OF ROCK SALT
AND ITSAPPLICATION TO ENGINEERING

CHEN Weizhong!, WANG Zhechao', WU Guojun', YANG Jianping*, ZHANG Baoping?
(1. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, China;

2. Langfang Branch, Exploration and Production Research Institute, SinoPec Corporation, Langfang, Hebei 065007, China)

Abstract: Rock salt is considered as a potential medium for energy storage, nuclear waste deposit for its excellent
creep, low permeability and damage recovery behaviors. Based on laboratory creep test results of rock salt,
nonlinear creep constitutive model and damage evolution equation are suggested. The developed constitutive
model and damage evolution equation are programmed by FEM; and comparison between laboratory data and
numerical results are given. Furthermore, the numerical code is applied to the simulation of creep and damage
behaviors of underground salt caverns during natural gas injection and pumping. The creep damage evolution
zones of the caverns are obtained from the numerical analysis. The achievements from the research work can
provide references to the design of Jintan Underground Gas Storage.
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Fig.1 Creep velocity ratio curve of rock salt(deviatoric stress
is 25 MPa)
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Fig.2 Creep damage model of rock salt(one-dimensional
model)

IR T R R B AR T R B R Y AR
(RIBEANAN T IR, D 980358 (1 D P58 % o PR iy AR 5
LRIVENAL € IR H. Hhonif AR BT N

(o}

D=1-¢™ (1)

A m oMRNEEL  e© MIFAR N AR,
AP 2 HH i Burges A7, ml#E S H Eh s AE—
e LA T R AR T R N

_Ki(e©),

e = Gc + Gct+ Gc 1—e "9 | (2)
Ko(e™) m(e7)  Ki(e™)

A (L) TS B =24 TG R, #hn il
Sl NAZ ] 5 Dy

=&+ +&° (3)



264 3

Mr s, S i IR MR A B AR S L TR H

AR ST 56 = = bl A P 4 A R U5 15 21 <
FIEAFIR A R GRS, AR 2 R b
IS FFAS S R 1 Fros. g LA
FERAA L 3, 4 fros. &5 o E a5 i
P AR 144 it 2 5518 17 () Burges R e 31 5 [ A 4
MRS L . WFR SRR, SRR
A A2 R AT B G S R 1 6 o R R BT AL i A
HRALERE, X FPPU 2 AN R R
HA+7r RS R s

R1 ANIF R Y ) A FL AR 24
Table 1 Deviatoric stresses and creep parameters for rock salts

Jehigh 'S Su/MPa GIMPa 7,%(MPa « h™) G,%MPa 7,%/(MPa + h™%)

2* 25.0 1234 247 804 3307 24 750
3* 30.0 1409 271403 1671 21158
7 30.0 1307 242 822 1549 20 690
g* 25.0 669 296 580 2041 20727
12* 26.5 1733 193 370 1826 23904
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Fig.3 Comparison curves of creep strain between laboratory
data and developed model for rock salt from well
No.2
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Fig.4 Comparison curves of creep strain between laboratory

data and developed model for rock salt from well No.3
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Fig.5 Comparison of creep velocity ratio curves between
laboratory data and developed model for well No.2
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Fig.6 Field sonar measurement results of cavern shape for
west well No.1
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Table 2 Basic mechanical parameters of rocks

BB BPEBIRIGPa AL B JI/MPa PSS 1()
e 10 0.27 1.0 35
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pumping cycle for west wells No.1 and No.2
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