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Experimental study on mechanical properties of frozen saturated
single fractured rock mass
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Abstract: In this paper, a series of triaxial compression experiments was performed to investigate the effects of fracture dip, trace
length, gap width, confining pressure and temperature on mechanical properties of the single-fractured rock mass. Experimental
results show that the mechanical parameters of rock mass exhibit the quadratic function with dips and the exponential distribution
with trace length, respectively. Moreover, the fitting formula (3) is employed to calculate rock mass strength approximately. It is
found that rock mass strength linearly increases with the confining pressure. However, Poisson ratio and elastic modulus under
negative temperature are independent of the confining pressure. The strength of rock mass decreases with the increase of gap width
when it is less than 0.1 mm or greater than 0.8 mm. However, mechanical parameters are irrelevant to the gap width when it locates
between 0.1 mm and 0.8 mm. Water, existing in pores and fractures, freezes under negative temperature so that both the cohesion and
friction angle between rock particles are increased. Hence, the change of water form is the reason why the rock mass strength
increases with reducing temperature. Results also show that the fracture angle affects the initial position of failure surface, the trace
length affects the expansion scale of failure surface, and the confining pressure influences the extension direction of failure surface. In
addition, the crack dip is the most sensitive influencing parameter to the strength of rock mass, followed by trace length, with the
least temperature.
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Fig.1 The schematic of single fractured rock mass
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Table 2 Mechanical parameters of fractured rock mass
under different dips and trace lengths
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Fig.5 The effect of trace length on strength, elastic
modulus and Poisson ratio

K 5 Jy s A AL 2 B T 1) AR A R
i, i SR O 0, HETUARERE
BRI I, NS S8 (SEED,
A VAN TRV ARV E A RO, A2 PR B
i, JRIE TR 0, REPm A
B WENAE S ER 0oV da it 27 N 1/ 27 N i = RSB
ESUNAN: R PRI = S PR 11 A1 N T S N 2
il RS PR T B A @i 159~
75, R AR AR o K (G KT IR, e



4

M R RETIK R UE IR ) AR BT 7T 1249

IEKAE 4~10. 10~20 mm 1 20~30 mm ixX 3 M
BN AR, ZERR 5 R 5E B IR T B R AN, 7E 4~
10 mm Y N T BEE R R, 75 20~30 mm JEE N
TR RS, RITIEEETE 25% 0N, AR AR
FEREpkaRc i, O 90, IR 158 B AN 52 28
K, SFESREE N 61.53 MPa, IS T 58t
501 (60.3 MPa) 121,

Bl 5(b) 5(c) kK L 1A A 2 AV A BL 1) 5%
e, FILAEH, BT SERE K AR B S K
F B BE A AR AR AL . Oy 90T,
PP R AR LA Z KR, YI{E A 2.64 GPa
0172, 578 A AN MERIE 2.65 GPa AlVEA
bt 0.173 ITfIAHEE; @WALE 159~75MWf, MR
SRV Bl Bl 25K (3 K T a0, A D 45K 60
I, SRR AR LU AR R I KT 162
3091 755 iff N 159K 75, RS EAEL KK
F 20 mm & (BHEE>50%) 2L 2218 @i N 0°
1N S h T o da e A 17 N Vil = S ST
- VKRR L FES, KB, iKE &,
SREE/N, RTZBEATE, BRI ARRE R R T A
EAARIN, A8 H A PRI UKL [F A, A AT
R TIK—E T A SRMTHER, AR
FEARR P 58 A U F-0K

BT AT T, 25 108 B 52 2L B i A A de e
e i} AL LI VA B X Ve e i s AL P S K i
5, AR E SR MK R o, (8, 0),
H N RS E o, 51U 0 A k5T K a
FFE TR B A2 100,

o = A+ AT 4[N _1](A0+AG%)  (2)

K A Aoy Asy Ass As AFESEG FFHAZER
HOL S 2 T BT TR AT
(1) iff1 0 =05 FEME o, FEZEK a 3K
T/ o
(2) fiif1 0 € (0°-90°), HIKIHFE o, FELK
a W R AFR HOE G 75K a=0 mm, HARGRE o, B
NTEEEE A RIE, SHMIEK.
(3) &K ae (0~40 mm), HEHE o, 5
10 BIMEK R .
ik Origin MM & DhRE, HHEAESH,
AR (2), 15
oy = 42.83+ 20,53 1 [ e _1](2.080 -
0.0236%)

(3

et 2 118 6, M55 7 4 R=0.893, A L,
WG op (2, )5 MEHEARRIERSF . I,
A A (3) ARG AA RS T, R
B R

W F or/MPa

Bisfme )
K6 KA X IR R
Fig.6 The effect of trace length and dip on strength
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Table 3 Mechanical parameters of fractured rock mass
with different gap widths
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Table 4 Mechanical parameters of single fractured rock mass with different temperature and confing pressure

T WE/ () FlE/MPa KT Hjon/MPa  #EfE E/GPa MEY/NEARY BRI c/MPa B fip/(C )
WwD1 10 0 9.23 1.12 0.098
WD2 10 4 14.60 1.28 0.102
3.61 12.24
WD3 10 8 21.29 1.42 0.104
WD4 10 12 2758 1.67 0.108
WD5 -5 0 10.36 2.05 0.092
WD6 -5 4 19.88 2.10 0.081
4.48 15.03
WD7 -5 8 26.50 212 0.079
wD8 -5 12 30.82 2.19 0.080
WD9 -10 0 11.66 2.12 0.093
WD10 -10 4 2321 2.20 0.083
4.89 17.40
WD11 -10 8 28.06 2.22 0.084
WD12 -10 12 34.75 2.31 0.082
WD13 -15 0 15.60 2.19 0.087
WD14 -15 4 27.86 2.21 0.082
6.32 17.72
WD15 -15 8 32.98 2.28 0.080
WD16 -15 12 38.45 2.37 0.080
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