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Fig. 1 Rock specimens with different angle single fracture

95 55 12 50 BT FH 15 8 A L W] e 92 57 1K S L
W 2(a) R o R FH R 4 il i 28 =it n 2.k
796 P a7 280 A AR 400 A2 308 20 i 2, T it o 4 17 165 iy 22
BN it 2R TE X it 2 MR 5 He, 9% 55 T BRI
J1° 0 MPa, FFRR 1S, =1.6 MPa, A5 R kE B
BT R B Y 80% . AE IR T, BT R N 7 2k
Z RN PR IE IR stk , B 2 A
RAIE 5T WA WEIR  1EHEA P 55 150 o # o, A
B 2 (b) Bt 7 59 WSD-3 B 75 I8 46 IS 52 s 78
S0 RS DN XA 0 75 305 1) R U0

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F205 %24

SRR %, 5 MR IRAT BT R AL U IR T 4G 89 e 127

(b) WSD-3 5 8 I 6 A
B 2 T 5 ok X ey A A X AR R 3R 3k

Fig.2 Fatigue test of model specimens based on

acouslic testing
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Fig. 4 Relationship between longitudinal wave velocity and

cycle number ratio of single fracture rock mass
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Fig.7 Evolution law of rock mass damage variables under different single fracture angles
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Fig. 8 Fatigue cumulative damage evolution curves of rock

mass under different single fracture angles
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Effect of cyclic load on fatigue damage of single fracture rock mass

XIAN Zhenxing', XU Xutang', YANG Feng', JIAN Wenbin®, XU Xiang',
LI Guangjie', LIU Daoqi'
(1.College of Transportation and Civil Engineering, Fujian Agriculture and Forestry University, Fuzhou 350108, China;

2.Institute of Geotechnical and Geological Engineering, Fuzhou University, Fuzhou 350108, China)

Abstract: [Purposes] The paper aims to reveal the evolution law of fatigue damage of single fracture rock mass
under cyclic loading, and to study the calculation method of damage variables that is more conducive to
practical engineering application. [Methods] Through model rock fatigue tests based on acoustic wave velocity ,
the change law of wave velocity reduction rate, initial damage and damage variables under different cyclic times
ratio and different single fracture angles were analyzed. A nonlinear fatigue cumulative damage model for
different single fracture angles was proposed. [Findings ] With the increase of the fracture angle, the decrease
rate of the initial wave velocity and the initial damage of the model sample showed a nonlinear S-shaped trend.
The wave velocity reduction rate of single fracture rock mass under cyclic load presented obvious three-stage
attenuation characteristics, and the proportion of initial attenuation, stable attenuation and accelerated
attenuation to fatigue life is about 2: 7% 1. At the same cycle number ratio, the fatigue cumulative damage
evolution of rock mass tended to accelerate with the increase of fracture angle , but showed a decelerating trend
in the accelerating attenuation stage. The relationship curve between fatigue life and fracture angle of single
fracture rock mass is in "V" shape. Under cyclic loading, the damage variable of the rock mass with 45° fracture
increased fastest, while the proportion of the fatigue life in the acceleration attenuation stage was the least, and
the X-shaped fracture failure of the mixed tension compression shear fracture was most likely to occur.
[ Conclusions] If the nominal damage was substituted for the actual total damage before the fatigue failure of
rock mass when the fracture was 30°~90", the nominal damage value was larger. Once the nominal damage was
replaced by the actual total damage in the fatigue failure stage, the nominal damage value was smaller.
Meanwhile, a nonlinear fatigue cumulative damage model for rock masses with different single fracture angles
was proposed. When the instability scale factor is constant, both the instability factor and the convergence factor
show a monotonically increasing trend with the increase of the fracture angle.

Key words: road engineering; cyclic loading; single fracture rock mass; fatigue damage evolution; damage

variable ; wave velocity reduction rate
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