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Experimental study on mechanical properties of excavated unloading rock mass
under high osmotic pressure and cyclic loading and unloading environments

CHEN Xingzhou, BAI Yani, CHEN Lili, MA Bin, WANG Wenrui, GONG Sheng
(Department of Architecture and Civil Engineering, Xi'an University of Science and Technology, Xi'an 710054, China)
Abstract: Exploring the evolution laws of mechanical properties of deeply excavated unloading rock mass under high osmotic
pressure and cyclic loading and unloading environments is conducive to the realease of deformation and failure mechanism
under combined loading. By distinguishing the excavation disturbance intensity from the magnitude of osmotic pressure, the
triaxial loading and unloading tests are conducted, and unloading rock mass subjected to excavation disturbance under high
osmotic pressure environments are conducted considering the combined action of specific pore pressure and cyclic loading. The
results show that: (1) The magnitude of unloading directly affects the deformation laws and the failure strength of rock samples
and the pore water pressure promotes their tensile and shear failure during the cyclic loading and unloading. (2) The increase of
pore pressure intensifies the ductile deformation and strength attenuation of the unloading rock samples with the same
magnitude during the cyclic loading and unloading process, and the axial, circumferential and volumetric deformation curves of
the unloading rock samples fluctuate at the pore pressure of 2 MPa. (3) With the increase of pore pressure, the circumferential
deformation of the rock samples at the unloading magnitude of 30% increases first and then decreases, while that at the
unloading magnitude of 60% decreases first and then increases. (4) With the increase of unloading magnitude and pore pressure,
the dip angle of the end fracture gradually increases when the rock sample is damaged, and the tensile and shear fracture surface

generated along the axial direction of the rock sample becomes more prominent.
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Fig. 1 Test system equipments and rock samples
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Fig. 2 Stress paths during triaxial cyclic loading and unloading

tests
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Table 1 Basic parameters of conventional triaxial compression of

rock samples under different pore pressure conditions

N
L R ERE
MPa GPa
0 149.82 12.3 0.39
1 141.52 11.6 0.40
2 139.45 11.5 0.41
3 134.91 11.3 0.46

SRR, BEFLESE N, AR EE RS .
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Fig. 3 Stress-strain curves of unloading rock samples under different pore pressures during triaxial cyclic loading and unloading process
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Fig. 4 Stress-axial strain curves of unloading rock samples under different pore pressures during triaxial cyclic loading and unloading
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Fig. 6 Stress-volumetric strain curves of unloading rock samples under different pore pressures during triaxial cyclic loading and unloading

process
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Table 2 Summary of triaxial cyclic loading and unloading test parameters for unloading rock samples under different pore pressures

2K
[+/MP. R EY - — =
LIEMPa - SRS e pa T RLR/GPa TGS TREINE TRATNE
0 30% 132.67 13.2 1.22x102 -1.96x102 -2.72x102
60% 110.69 11.4 1.26x1072 -3.05x102 -4.83x102
1 30% 126.50 12.1 1.35%102 -3.08x102 -4.80x102
60% 106.93 11.7 1.11x102 -2.52x102 -4.13x102
’ 30% 121.19 11.6 1.36x1072 -3.39x102 -5.45%x102
60% 103.18 11.2 1.02x102 -1.99x102 -2.95x102
3 30% 116.13 11.6 1.28x102 -3.11x1072 -4.93x102
60% 101.92 11.2 1.16x1072 -2.90x102 -4.58%x102
— r,
56°, 73% 63°
(1) FLHO0 MPa (2) fLEE1 MPa (3) FLHE2 MPa
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Fig. 7 Macro-fracture morphologies in triaxial cyclic loading and unloading tests on unloaded rock samples under different pore pressures

4 EAMEIFHNE KRB ED R
4.1 WESERLEMFHED T

T T T B = B PR A 0 28k 96 A 55 2
B, WK 2. WAL, MESUET, SRR R
JEE T A B s S A7 R 0% 140 B K40 AN TR RE 11
. TEALURINET, PRNENGT G AR 2 SO
K FEBESLSIEIN, SHEEZERDN, RYISUEME
gL T S X A A s R, HEr A
PR BRE /152 FUR IR ECR . AL BB
TN —SE MR, T R I AR BRE DB . 32
EIRTRE LR TR, 2T s
PN 2, R E TPl 5 e sl 1k
NG TE TR A MO T, T AR A 5 2k .

XF LI BT AN [ MR S5 SR AT, EAT A AR AR IR I
AR (AR SR A B, VAR AR 5 LS R B A
o BAESLEIGIN, 30%EfT M AR, AR g
IR N AR S, 60% EN T R IAA R, R
LI/ IEEY, AR EATE 2 MPa fLEAL
el HALE K/NK G A FEAR T AR U EAN ] o

FHUEAT UL, ¥ R BhAS B IR T 280 X 0 faf
TR, 255 R XA S ahEmis
U AEL T 0 AT S i 25 AR TR S A T R 1 A R L
4.2 RUREBFED

ANTRIFUIE ™ AT 5 = S AR o 2 28k 22 AL ke SR
A, WE 7 R TR, 30%EIR SRR RS
AITE 90° LA FLIEIREE T, 60%E) fuf 5 AE 1K
RUEIRERMTE 100° oA, HAURSIE N arems
FEEE IR LECFLE PR3, AR R R L
AR A NN R E, YA FLE IR T 25 R % i
MK AT . BhAh, MIFRFUESRMET, BNE
i PARFPE sk M BN, IR N —
BUITH; BEEEA SRR, 8 A m skt
M WP M, RICNTKEIHEIR, 7R
iR A — e B E R R L. A TR,
AT A et R LB A, A7 B D AT R T
EHERIRRE . BHUERT WL, SZFFF2 0B 50 5 R i
Wk, BERBEENSEBERE P AR B
P REIRAERGURE, msElEH STl R Rk
FZEAYI SR, & TR TP E T A AR R S PF



55 4 Y] VR, 5. i s SR INEN BT N TS E G A ) R B T 745
52T A B B e BN & . Applied Mechanics, 2021, 91(6): 2481-2496.

[6] MENG Q B, LIU J F, REN L, et al. Experimental study on
5 2:5 'I,e rock strength and deformation characteristics under triaxial

C1) PR INEALEE 1 B B 0 2 0 3l AL
JEAE RIS 1 E0T RO A FEASTE S U 1

(2) PEBEESLIESEIN, 30%Ef B AN AR B o
WG RS 60%EN AT A PR AT AR A 5 2 A
L DR S R 0 22 S A P P A ) ZE (A P R TS
MG IR, 72 2 MPa LKL A2 9% .

(3) e R g S REa Bty SN, FLE X 4
HRATERIN R L R AR — € B ARFLE SR
T, EREHRI AR ARG AR RS
LD TPV SRR GO A IVATE 5

(A BT o AR 2R IR B R B0 AR
s, BRI FATRREOE; LR
W EIE N, E PRI i A R R U B,
PRI DAL R () JE S T, ol ) AR BE N B S

(5) B S S5 RR W, JF2am 8 L sl
I3 T 9 ORI AR SRR AE, ShaSmRB R A
SRR Y JT Y2 ENAT AR IS5 2500 B e T ek, S0
LR [F] I 38 52 i3 IRk 5K 5 U 1A h B 0 0 22 A
A 2 b3 XANRS S S S EE R, %
W 51 TR S A AR AT IR B AR T AT

SE -

[1] GUO H, JIM, ZHANG Y, et al. Study of mechanical property
of rock under uniaxial cyclic loading and unloading[J].
Advances in Civil Engineering, 2018: 1-6.

21 Fie i, oo, skamah, S IR IR SR A R 0T
WA ARG 7T [T]. & L TRE2E, 2015, 37(10):
1886-1892. (LU Gaoming, LI Yuanhui, ZHANG Xiwei, et al.
Fatigue deformation characteristics of yellow sandstone
under cyclic loading[J]. Chinese Journal of Geotechnical
Engineering, 2015, 37(10): 1886-1892. (in Chinese))

[3] MENG Q, ZHANG M, HAN L, et al. Effects of acoustic
emission and energy evolution of rock specimens under the
uniaxial cyclic loading and unloading compression[J]. Rock
Mechanics and Rock Engineering, 2016, 49(10): 1-14.

[4] MUNOZ H, TAHERI A. Postpeak deformability parameters
of localized and nonlocalized damage zones of rocks under
cyclic loading[J]. Geotechnical Testing Journal, 2019, 42(6):
1663-1684.

[S] ZHANG C, WANG Y, RUAN H, et al. The strain
characteristics and corresponding model of rock materials
under uniaxial cyclic load/unload compression and their

deformation and fatigue damage analysis[J]. Archive of

cyclic loading and unloading conditions[J]. Rock Mechanics
and Rock Engineering, 2021, 54(2): 777-797.

[71 CHEN J, DU C, JIANG D, et al. The mechanical properties
of rock salt under cyclic loading-unloading experiments[J].
Geomechanics and Engineering, 2016, 10(3): 325-334.

(8] H&aedte, K, MROLME, S ST KL R
TR I B AR S R B[], A L REE R, 2020, 42(5):
827-836. (CAI Yanyan, TANG Xin, LIN Lihua, et al. Strain
rate response of damage accumulation of marble under
fatigue loading[J]. Chinese Journal of Geotechnical
Engineering, 2020, 42(5): 827-836. (in Chinese))

1 & &, ) B FEARA, AR T A A
5 R B AR A (0], A £ TR, 2013, 35(5):
890-896. (ZHAO Chuang, WU Ke, LI Shucai, et al. Energy
characteristics and damage deformation of rock subjected to
cyclic  loading[J].
Engineering, 2013, 35(5): 890-896. (in Chinese))

[10] WANG Y, FENG W K, HU R L, et al. Fracture evolution and

Chinese Journal of Geotechnical

energy characteristics during marble failure under triaxial
fatigue cyclic and confining pressure unloading (FC-CPU)
conditions[J]. Rock Mechanics and Rock Engineering, 2021,
54(2): 799-818.

(11] x4, B P, Hoc, 55 PG EN 585K
TR A ORI DT IE[T]. RS A TR AR,
2014, 31(2): 292-298. (ZHOU Zhihua, CAO Ping, YE
Zhouyuan, et al. Failure characteristics of prestress fractured
rock under uniaxial cyclic loading and seepage water
pressure[J]. Journal of Mining and Safety Engineering, 2014,
31(2): 292-298. (in Chinese))

[12] #oce, MBEM, SRENE, & =BT TUE &
JRE IR R AE R I 7E (7], 4 - TRE 244, 2015, 37(12)
2262-2271. (WEI Yuanlong, YANG Chunhe, GUO Yintong,
et al. Experimental research on deformation and fracture
characteristics of shale under cyclic loading[J]. Chinese
Journal of Geotechnical Engineering, 2015, 37(12):
2262-2271. (in Chinese))

(13] EHLL, ZEEAK, w BN, . JEPRINE B0 A iR o0
BERm RIS R L], A 1% 5 TRESAR, 2010, 29(10):
2103-2109. (WANG Ruihong, LI Jianlin, JIANG Yuzhou, et
al. Experimental research on influence of cyclic loading and
unloading on rock mass residual strength[J]. Chinese Journal
of Rock Mechanics and Engineering, 2010, 29(10):
2103-2109. (in Chinese))





