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Tab.1 The mixture ratio
W 73 J1T i g/ | YOI T i g/ m) | RS I Ceg/m) | KR IE (kg/m®) | BRI JE (6)

360 440 680 120 80%

R
Fig. 1 Samples
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Tab. 2 Test scheme

AN ) (MPa) | I (MPa) |k /7 (MPa)

2 1 1
3 1 2
4 1 3
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Fig.2 TAW2000 triaxial rock test machine
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Fig. 5 Creep curves when the stress is 3MPa
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Tab. 3 Creep properties

R0 3 (MPa) | JEDAES ] (D | Gu (GPa) Gu(GPa) 7(GPa * h) 7.(GPa  h) R EL
0 2.62 1.63 4.17 — 0.9235
3 2.78 1.81 4. 41 — 0.9138
1 15 2.39 1.53 3.95 — 0.9367
30 2.16 1.39 3.31 — 0.9765
60 2.03 1.27 3.09 — 0.9568
0 2.71 1.78 4.39 — 0.9812
3 2.85 1.81 4.56 — 0. 9760
2 15 2.52 1.68 4.17 — 0.9741
30 2.31 1.51 3.95 — 0. 9504
60 2.15 1.35 3.65 — 0.9321
0 2.83 1.82 4.58 — 0. 9652
3 2.96 1.93 4.71 — 0. 9524
3 15 2.61 1.69 4. 20 2.21 0.9032
30 2.48 1.57 4.02 2.18 0.9156
60 2.38 1.41 3.87 2.06 0.9021
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Fig. 7 Contrast of experimental data and theory results when the deviatoric stress value is 1MPa
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Fig. 8 Contrast of experimental data and theory results when the deviatoric stress value is 2MPa
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Tab. 4 Fitting properties

i v 73 (MPa) IR AR 24 I b bs D P

G 0.0153 —5.2053 1. 2378 2.0330 0.9976

1 Gum 0.0338 —6. 3068 1.5912 1. 2959 0.9901

H 0. 0053 —6. 1844 0.6733 3.0324 0.9999

Gn 0.0136 —5.3094 1. 3981 2.1593 0.9942

2 Gum 0.0033 —2.7658 1.9186 1. 2754 0. 9986

H 0. 0060 —4.7319 1.1510 3. 6547 0. 9820

Gu 0. 0259 —4.6943 1.6973 2.3926 0.9962

3 Gum 0.0177 —5. 3439 1. 9759 1.4324 0.9821

7 0.0147 —3.8514 1. 2075 3. 8839 0. 9964

M A AT LA 38 ok AR e A A5 B 09 A (7)) B AE O R BV KR, e % I e i 20 Poynting-
Thomson BB EGAEZH Gy Gy 1y B9ZEAL AL
XF TR R A KGR R B LA R R R AR
e =— 4. 34sin(0. 699¢t+ 1. 547) (8)
A YA R RBGRF) T 0. 99, REAE S e 1 I 2 1 Kl A Kl iy 22 B0 28 f IR A

4 28

(1) B2 GAER G Tl i 52 ey o S SE0RY VA 055 72 726 S i I ok i ) 0 6 4 o 0 S8 B/ i 3 R Y B4 X 2
F TS0 ol A 4 A BN T FE SR O B SR AR e T R R R AR S U AR AR T AR DN T
B 5 oty [ ) 88, SRR AR B L M BE R R AR AR TR AE B

(2) 75T b ik TA] A5 7 g A S35 v [ IR A 1 00 S8 SE0 R 2 1 R 3 5 78 B 42 3 s e i
A T et B R) R g 1 RS SR AR 2t BRI L S e SR AR

(3) J#id 7E Poynting-Thomson 5 B b &3 BK — A N A2 il & 19 4F £ MR RG A L 42 ) 1 — 4> 2otk /Y
Poynting-Thomson # AL, #1451 158U Z: 5, 12 A UG 722 il 2k 5 1 50 065 28 i 4 SR AR W) 65 L e A% S e 1 el B
JEE Tl AR T SRR A Y G AR AR T AR

Sk

C1] BT, ££%, B5E 5 ERIFRIEE - B2 R SRSl MM, 2012, 37(07):1069—1079
(XIE Heping, WANG Jinhua, SHEN Baohong, et al. New idea of coal mining: Scientific mining and sustainable
mining capacity[ J]. Journal of China Coal Society, 2012, 37(7):1069—1079 (in Chinese))

2] BRmw, WFEK, 2% B EITREORDT]. P EO P RZZM, 2003, 32(4):343—348 (QIAN Minggao,
XU Jialin, MIAO Xiexing. Green technique in coal mining[J]. Journal of China University of Mining &
Technology. 2003, 32(4) :343—348 (in Chinese))



2 3]

PN A« SR T T T (AR 5 A A P R ) ) S T 5T 237

[3]

[4]

[5]

£6]

L7]

[8]

L9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Krupnik L A, Shaposhnik Y N, Shaposhnik S N, et al. Backfilling technology in Kazakhstan mines[J]. Journal of
Mining Science, 2013, 39:82—89.

Ercikdi B, Yilmaz T, Kulekei G. Strength and ultrasonic properties of cemented paste backfill [J]. Ultrasonics,
2014, 54(1):195—204.

Gandhe A, Upadhyaya P S, Lee C. Paste backfill— AIMS towards sustainable underground mining [J]. Journal of
Mines, Metals and Fuels, 2013, 61:219—224.

Senapati P K, Mishra B K. Design considerations for hydraulic backfilling with coal combustion products (CCPs)
at high solids concentrations[J]. Powder Technology, 2012, 229:119—125.

Thompson B D, Bawden W F, Grabinsky M W. In situ measurements of cemented paste backfill at the Cayeli
mine[ ] |. Canadian Geotechnical Journal, 2012, 49(7).755—772.

Yilmaz E, Belem T, Benzaazoua M. Effects of curing and stress conditions on hydromechanical, geotechnical and
geochemical properties of cemented paste backfill[J]. Engineering Geology, 2014, 168:23—37.

JAARTE, IR, IhA 2 SF. AR Y B R TR R RBELT]. P E A7 R4, 2004, 33(2):154—159
(ZHOU Huagiang, HOU Chaojiong, SUN Xikui, et al. Solid waste paste filling for none-village-relocation coal
mining[J]. Journal of China University of Mining & Technology, 2004, 33(2):154—158 (in Chinese))

AR, Jfenk, MEY . B IREEMORER B R R L) ] T AR R R, 2006, 25(6):904—
906 (ZHAO Caizhi, ZHOU Huaqgiang, BAI Jianbiao, et al. Influence factor analysis of paste filling material
strength [J]. Journal of Liaoning Technical University, 2006, 25(6):904—906 (in Chinese))

FEM, RS, B F. IR EEITFH R R R BT, #e5HEF MR, 2010, 10(3):106—110
(LI Xilin, WANG Laigui, LI Shunwu, et al. Review on the reseach advances and the prospect of the mining water
resource evaluation [J]. Journal of Safety and Environment, 2010, 10(3):106—110 (in Chinese))

ER, Rk, HEL ACRE U L G A R BFRE (1], S50 1%, 2014, 29(1): 112— 118
(WANG Junguang, LIANG Bing, TIAN Mi. Study of creep characteristics produced by nonlinear damage of oil
shale in hydrous state[ J]. Journal of Experimental Mechanics, 2014, 29(1):112—118 (in Chinese))

SRIMAR . FFBESC, . A RMB A TR ARE MG AR )], L%, 2011, 26(1):61—66
(ZHANG Xiangdong, Yin Xiaowen, FU Qiang. Study of triaxial creep properties of purple mudstone under
stepwise loading[J]. Journal of Experimental Mechanics, 2011, 26(1):61—66 (in Chinese))

XMEZ, SRR, WHEW . WIIR A T4 S SRR AR R IR SR B SE )], e 4%, 2011, 26(3):267—273
(LIU Chuanxiao, HUANG Dongchen, ZHANG Xiuli, et al. Experimental study of uniaxial creep properties of
mudstone in deep site front and rear the ultimate strength[ J]. Journal of Experimental Mechanics, 2011,26(3);
267—273 (in Chinese))

Potyondy D O. Simulating stress corrosion with abonded-particle model for rock[J]. International Journal of Rock
Mechanics and Mining Sciences, 2007, 44(5): 677—691.

Iha i, BRI, ZEUEHE SE. B 5RO A 0T AR 4540 U 1k 41 00 S 2 AR AR R BUE A RLF S [T ], A %, 2013, 34
(12):3601—3608 (SUN Jinshan, CHEN Ming, JIANG Qinghui, et al. Numerical simulation of mesomechanical
characteristics of creep demage evolution for Jinping marble[ J]. Rock and Soil Mechanics. 2013, 34(12):3601—
3608 (in Chinese))

INB). AR AL T N AR WP A Tk [T ], & 1% 5 LR¥ M. 2007, 26(6):1081—1106 (SUN
Jun. Rock rheological mechanics and its advantage in engineering applications [ J]. Chinese Journal of Rock
Mechanics and Engineering, 2007, 26(6) :1081—1106 (in Chinese))

INER. SRARTE, BB & RIT RKR B 55 AR B R e B e )], R 5% 4%k, 2012, 29
(4): 487 — 491 (SUN Chundong, ZHANG Dongsheng, WANG Xufeng, et al. Large-size test on creep
characteristics of high water material filling body beside roadway[J]. Journal of Mining &. Safety Engineering.
2012, 29(4):487—491 (in Chinese))

AR, BRARTE, KR, BT AR ES R ISR A 1%, 2007, 28(s) 545 —548 (MA
Fei. ZHANG Dongsheng. ZHANG Xiaochun. Research on properties of the filled body based on the deformation
control[ J]. Rock and Soil Mechanics, 2007, 28(s) :545—548 (in Chinese))

A, 30, RERTY. RIS KGR K /F FLAC3D ZWJF & i ®ise[J]. & 1%, 2012, 33



238 ;LK h (2015 4F) 45 30 &

(s):112—116 (ZHAO Kui, HE Wen, Xiong Liangxiao. Testing study of creep model for tailing cemented backfill
and its secondary development based on FLAC3D[]J]. Rock and Soil Mechanics, 2012, 33(s):112—116 (in
Chinese))

[21] FhEr, SRMZR, Wid. BRI IF RIS ARG A ARMBBI]]. BER% 4R, 2013, 6(38):994—1000 (SUN Qi,
ZHANG Xiangdong, YANG Yu. Creep constitutive model of cemented body used in backfilling mining [J ].
Journal of China Coal Society, 2013, 6(38):994—1000 (in Chinese))

[22] Sriv#k, L0, EEA 55, SRR AL =4 AR 7 B A SEOERT]. A 1% 5 TR%kR, 2012,
31(2):347—355 (QI Yajing, JIANG Qinghui. WANG Zhijian, et al. 3D creep constitutive equation of modified
nishihara model and its parameters identification[ ] ]. Chinese Journal of Rock Mechanics and Engineering, 2012,
31(2) :347—355 (in Chinese))

(23] BRUKT, R, R A B R U WP IR BE LB I IR A MLBE LT ). fE AR ER #2007, 35(4):504 — 508
(LIANG Yongning. YUAN Yingshu. Mechanism of concrete destruction under sodium sulfate and magnesium
sulfate solution[J]. Journal of Chinese Ceramic Society, 2007, 35(4):504 —508(in Chinese))

Experimental Study of the Influence of Chloride
Corrosion on Creep Properties of Filling Paste

SUN Qi', LI Xi-lin*, WEI Xing®, MU Qian-wen®
(1. College of Civil & Transportation Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China; 2. College of
Architectural and Engineering. Liaoning Technical University, Fuxin 123000, Liaoning. China; 3. Chemical Geological Exploration

Institute of Liaoning Province, Jinzhou 121000, Liaoning, China)

Abstract: In order to explore the creep properties of a kind of filling paste subjected to chloride
corrosion of different time length, taking sodium chloride (NaCl) saturated solution as the chloride, a
series of wet-dry cyclic accelerated corrosion experiments were carried out for filling paste maintained
for 28 days. Adopting TAW2000 triaxial rock test machine, triaxial creep experiments at different
stress levels were conducted for uncorroded specimens and specimens corroded of different time
legnths, respectively. Based on experimental results, which were comparatively analyzed, a creep
model of filling paste was established under chloride corrosion condition. An improved Poynting-
Thomson model was established by connecting in series a strain triggered nonlinear dashpot to original
Poynting-Thomson model. Study finds that in the early period of corrosion, the creep deformation of
corroded filling paste is smaller than that of uncorroded filling paste. With the corrosion time
increases, the creep deformation of filling paste gradually enlarges. When both the long time corrosion
and the high stress level exist simultaneously, [illing paste presents accelerated creep deformation.
The creep model presented in this paper is in a good agreement with experimental data, and can reflect
creep characteristics of filling paste subjected to chloride corrosion.

Keywords: paste backfilling mining; filling paste; chloride; corrosion; creep property



