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Rheological properties of mudstone under two unloading paths in experiments

REN Qing-yang', ZHANG Huang-mei!, LIU Jia-shen?
(1. School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China; 2. Wuhan Metro Group Co., Ltd., Wuhan, Hubei 430000, China)

Abstract: The rheological properties of rock are of great significance to the analysis of long-term deformation and stability of slopes.
Based on the sampling of construction site at a highway in Guizhou province, the graded unloading rheological tests under two stress
paths including constant axial stress and unloading confining pressure, and equal proportional unloading of confining pressure and
axial stress were designed. The test results show that under the two stress paths, the rheological trend of the mudstone specimen under
unloading is basically the same. Under the failure stress, the lateral deformation of the mudstone sample increases rapidly and it
exceeds the axial deformation, and the lateral expansion is more significant. Compared with the constant axial stress unloading
condition, the equal proportional unloading requires a much longer time, and the axial deformation of the mudstone sample rebounds.
However, axial and lateral deformation account for a large proportion of the total deformation, which is about twice of that in
unloading of constant axial stress. It shows that under the equal proportional unloading of confining pressure and axial stress, the
predictability in failure of rock sample is smaller, but its damage effect is much greater. The proportional design experiment refers to
the actual slope excavation gradient is designed to carry out the proportional unloading test, which has great reference for the
long-term stability analysis of the actual slope engineering.
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Table 1 Triaxial compression test results of mudstone
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Table 2  Stress values in triaxial unloading rheological tests
of mudstone
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Table 3 Long-term strengths of triaxial unloading
rheological of mudstone

ko,  BEEo, KIWBRE BORGRE

HFE 273

G ¥ /MPa /MPa /MPa /MPa
S-5 . 75.5 20 63.5 67.5
S-6 53.9 20 419 459
S-7 1 75.5 20 52.1 487
S-8 53.9 20 322 28.8

BRSO, 77645 10 EH T 0 8 Bl %) ] B DA

ARTFI R LB T b s, A R R S e B L g
R I/NT 23 11.5 MPa, 1 B <5 L A1 ) i o A B0 L ik
NJERARZS o

4 4

(1) 7y s S0 BB R 0 LS P RIS, AR T
A EN B . (SELLENRT ) PRRN TR AR N e s
EFEEIGT IR AL SRR — B BIR AT 17K i
B2 IR AN RS S AC K BL, IR BRI F17K
- J AR 48 P A IR AR AR AU AR B B g AR
LRPE IR AR B o BB T 1B 2 B PR
7 SRR R INE AR 1 2 25 i I I AR T AN R AR AR T 4L
Jeo

(2) HFHh A B E PR, 51E
BEEN AR b, SR LU SRR R AT B T T A
PoF R il ) A B AN 170 AR T R B e g AR B AT AR
AR FE R R /)N, BRGSO A T S R
H R AR T R AT, I R e ) 22
FERHERE L A R AT, ERE RN, W
WAL A A2 T S PR I 3 B O 2

(3) Skl S E A b, A5 Ly B OR A2 )
A7 8 5 ) R i s FRD 328 28 ) 28 A L 70 2 IR )N »
AR I IS S (0 A P AT L 7 [ml 58, (el )i
TGE A B RIBIAR, T 17 A2 TR B i 277 kM7
FESGTN, 25 U B Al e S 775068 S A 000 1) 5 10 5
S, T AR R ] 55 L R U 2 {5 A T
% o

(4) WK B T P RO Sea R 2 IR B AR
K, ARSI AR B AN R AT B B AT B
HARK. AHELZS, SELCER AR B i s,
k1 AR 1 2 A 9 T R AR Ay LR VAT BE /), IR HL
i AR LT R, A FERR R IR, (H
FEZNL T B8 AR T AR AR T B AR H R A il
EIfRAR Z L9 H 2 1%

(5) PIRPERES ) B8 AT T A FERI B TS 3
JE BRI, S5 LA E A 00 170 249 TR AE 0 55 i 2 73 (=) e
il BE R EE NS E IR AZ BT B A SR AR R AR B
/0Ny ABSELE A E e R IR N R (LA BN, P A
I IE 2R BE TS5, Hoa e R .

ANFIREN R AR N A A AR R PE AN R,
JCHAERIR BB R 37 N A A R BOARFE . A2 TE
W, EARZEREON. S HE N AR 2 R S bR il
SOTFE35 B R HUE G B BEAT 06, IR T e &
PARRFPEXT S B 35 TR A K AR T AR E 1 73
P B 225 e, Bl i A s 30 BT o i 50



134 = +

71

2 2019 4

F e it AR 6 AN R 2 Sk Pr TRE R 2L, N R E
P FLA S AR R T A T AR R, A
HE S 47 96 A2 S B TARE R oK

(1]

(3]

2 % X W

BRI AE, ZK7R, K2, A AR S E L AR
KRBT HEHT 2, 2003, 34(4): 21—23.

QIU Xian-de, JIANG Yong-dong, ZHANG Lan. Study on
rheological characteristics and unloading damage
constitutive relationship of rock salt[J]. China Well and
Rock Salt, 2003, 34(4): 21 —23.

By, I, Wi, & AR NS =HR
B SN R[], B TREEAR, 2006, 28(8):
962—969.

YANG Sheng-qi, XU Wei-ya, XIE Shou-yi, et al. Studies
on triaxial rheological deformation and failure mechanism
of hard rock in saturated state[J]. Chinese Journal of
Geotechnical Engineering, 2006, 28(8): 962—969.
KL, R, MK, S5 TUA BTSSR RY
WISFFFC[I]. A 0% 5 TREEAR, 2007, 26081 2):
4552—4556.

ZHU Jie-bing, WANG Bing, YANG Huo-ping, et al.
Experimental study on rheological mechanical properties
of shale under unloading condition[J]. Chinese Journal
of Rock Mechanics and Engineering, 2007,
26(Suppl.2): 4552—4556.

IR, B, BRUGIT, S5 S GOmENE R BB R
AR S AU [T]. B 2R, 2008, 33(7): 748 —753.
ZHAO Yan-ping, CAO Ping, CHEN Yuan-jiang, 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.

ET, BAY), R, & oG oA N R BER
HUA TR ). A A 155 TR, 2008,
27(10): 2153 —2159.

YAN Zi-jian, XIA Cai-chu, LI Hong-ze, et al. Study on
rheological rules of marble in jinping hydropower station
under condition of step unloading[J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27(10): 2153
—2159.

RALE, TEXK, SRETH. 0 5F/K r st aRhd o =i AT IR
ARt S AR Z ME B G AR AR T FL (0], A
5 TR, 2010, 29(3): 528 —534.

ZHU Jie-bing, WANG Bing, WU Ai-qing. Study of

[10]

[12]

unloading triaxial rheological tests and its nonlinear
damage constitutive model of jingping hydropower
station green sandstone[J]. Chinese Journal of Rock
Mechanics and Engineering, 2010, 29(3): 528 —534.
PR, sKkEZ. B A A 0 A AL AR A B A KA
MBTFE[]. AKFIK AR, 2015, 46(10): 53—53.

YANG Shang-yang, ZHANG Long-yun. Study on
unloading rheological characteristics of hard brittle rock
and its constitutive model[J]. Water Resources and
Hydropower Engineering, 2015, 46(10): 53—53.
ez, KuRE, BARA, & TS A ER R AR
B S ACHIBE R T [T]. B F4k, 2015, 40(10): 2399—
2407.

ZHANG Long-yun, ZHANG Qiang-yong, LI Shu-cai,
et al. Unloading rheological tests of hard brittle rock and
its long-term strength analysis[J]. Journal of China Coal
Society, 2015, 40(10): 2399—2407.

B, XUIRFE, FRAKOK, . Wb = il far b AR
WA &A% 5 TR, 2016, 3534 T 1):
2653—2662.

HUANG Xing, LIU Quan-sheng, KANG Yong-shui, et al.
Triaxial unloading creep experimental study of sandy
mudstone[J]. Chinese Journal of Rock Mechanics and
Engineering, 2016, 35(Suppl.1): 2653 —2662.

AR, SRS, AR, S WhRTIRE =Bl E R AL
FER RS BT R [0). A 1%, 2016, 37(Q2): 315—
322.

DENG Hua-feng, ZHOU Mei-ling, LI Jian-lin, et al.
Experimental research on unloading triaxial rheological
mechanical properties of sandy mudstone[J]. Rock and
Soil Mechanics, 2016, 37(2): 315—322.

FHFE, S, TRUE, G RO 1) [ AR
JRS ARG, A TRk, 2018, 40(7): 65—
73.

WANG Zhe-chao, ZONG Zhi, QIAO Li-ping, et al. Creep
behaviors and constitutive model of transversely isotropic
rocks[J]. Chinese Journal of Geotechnical Engineering,
2018, 40(7): 65—73.

KATRLEBE. DL/T 5368 —2007 7K F7K i TFE4 A7 156
FURELS]. dbmt: S EZKCRIK f R, 2007.
Changjiang River Scientific Research Institute. DL/T
5368 —2007 Code for rock test of hydroelectric and water
conservancy engineering[S]. Beijing: China Water
Conservancy and Hydropower Publishing House, 2007.





