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Analysis on the evolution law of creep-fatigue failure energy of deep
anchored jointed rock mass

SONG Yang', YANG Hui’*, LI Yonggi?, FAN Bo’
(1. College of Architecture and Communications, Liaoning Technical University, Fuxin, Liaoning 123000, China;

2. Civil Engineering College, Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract: In order to explore the mechanical properties of deep rock masses under disturbance loads such as blasting and
excavation, laboratory tests of anchored rock masses under creep-fatigue loads were carried out, and the law of energy evolution
was further explored. The results show that: (1) Under the action of fatigue load, the area of the anchored jointed rock mass is
smaller than the of the unanchored condition. When prestress is applied, the hysteresis area of the jointed rock mass is greatly
reduced, indicating that the anchored prestress can effectively reduce its energy loss. (2) The higher the rock strength, the
smaller the hysteresis loop area, the smaller the corresponding energy dissipation. Conversely, the lower the rock strength, the
larger the hysteresis loop area and the larger the corresponding energy dissipation. (3) Comparing different loading and
unloading rates, experimental results show that during each level of cyclic loading, the greater the loading and unloading rate,
the greater the corresponding strain value and tangent slope. Considering the effect of loading and unloading rate on the

deterioration of jointed rock masses, based on the principle of strain equivalence, the peak damage constitutive equation of
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jointed rock masses is obtained, and the accuracy of the model is verified through experiments, which provides ideas for deep

rock structure support.

Keywords: shear creep; hysteresis area; loading unloading rate; energy loss; damage constitutive equation
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Fig. 4 Rock stress-strain curve under different working conditions
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Fig.5 Schematic diagram of stress-strain at different loading and

unloading rates

PEFRIMEIZ A 3 G, AN [R] BN 25 28 3 7 A 0 T 1
) IO 28 S AN [R) 1, Bt T2 0 %) 386 o, 7 28t 7 S W
i, K A [ f 0 8 ] LU ok, 6 B — AE I
VA R ) 2 R R A B Y AR AR, B
ATE B o 260D 288 DA 55— Gt T 810 55 — 9, SRR B I AR B K
P, H 2 BT Z AR E A, (BN TR) 4 in 381 2% 8 R J [R] Y
2 ER — it 0 2 5 G RER KT NS gt
FNE = HRIE

0 £ A8 A — B, B BN, 5 U AR
SR T TG 0 R B (HHE IR R M, BEE N
IR, 35 VIR 1 2 MPa B4 E] 6 MPa Xt i
) B D7) 7 A 1 i 2 b T, H N ETEGE Rl 20 N/S
Y38 5 0.119, I 2 220 50 N/S A 1S 55 0.348,
RO 2y 2.9 55 2485 Y1) — B0, 835 P08 AR S5 E 2
R IEAH S, FE Y PN J7 2R 2 MPa &b Jii ) 28 3 58 A
20 N/S B3] 50 N/S B R A8 i 36l 0.114 78 55 5] 1
F1°8 6 MPa b i1 2858 % A 20 N/S HE T %] 50 N/S B i
ARIE A 0.342, B0 3 A% RIA IR T BIA AT E % 95 for
BAEFATE, 0 S A8 38 8K, B B R] P X6 fin 4 1 2L
PRI 2 RUBE B 2 2, DA T (4540 B R 24 ™ e
2B LT . BB, RO IEE R,

3 REERERDT

TN B LR % 55 4 280/ TR 2R IR an Al 6
JIe7s, FEFEI I T, 280 -1 A8 2 M1 3800 7 -
P77 A A, Imath Ze i T #th £ b, e
O IR B A, B PR RE R, S LE e 7
I HAEREHCH R — o GRAE R AR BE ), o5 — 0 B
THAE AR B BT REFNIE MR ERE) o it £k
AR R R 9 R 5 Ay 280 A o AT B W Y fE

i
5t

f

A

&" & &

Blo EFEHHIEATHRETIEE

Fig. 6 Schematic diagram of energy under low-cycle cyclic load
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