355 44 bR % e B R Vol.35 No.4
202544 H China  Safety Science Journal Apr. 2025

W25 g AR, SRIEIE, 2UKO0T, 55, JEDKER R0 W R BUA R VR - S G 05 5 AR EE TS [0 ). 2 ARl 24, 2025,
35(4) :85-93.

5| A& TIAN Sen, GONG Yuanheng, LI Yongxin, et al. Study on freezing-dynamic combined damage and deterioration
characteristics of open-pit slope fractured rock mass in cold region[ J]. China Safety Science Journal, 2025,35(4) :85-93.

EXBEXT LEREBEEMEE-BEKS
SRR

W oA slaae, il FaHD A D RS aue, 8 Blas
(1 ERAF RESZ2FR By KEDNFEEFLEELEZRE, IR 400044;2 FHEEELT
FRAWRNE,Zz8 £ 678400;3 1 Ew H @ L EFARAE KA &M IR A RAT,
W A 61113054 BAE T A¥ ELRFEFK, =% &% 650093)

PEDHES X936 NERFFEE: A DOI: 10. 16265/j. cnki. issn1003—3033. 2025. 04. 0838
EESNE . EXERNFESSFEIRN(51904040) ; EHERST A RBRATIE (H20241326) ; KT HE
NEReIFEBNLZRBITRIE (IRT_17R112) ,
[ E] I RAERXBRVBEEFHFAREGEE) AR EERXBERTBRANIAE &
30 K w1 PR R I (IR E G B 5 -30~20 C) My Ak b PR R E SR A (0.25.50.,75°) 44 3 E
Koz A ny bR BRI A 80 BB 5 R4 R 3, A2/ 0 RO 3R R34 ¥ 1R A R -
H(FRRETGEA BB FREAGER THHG L MRS FHEARE, F#H - FARERBEERK
RORE JEUREIAER, FREP R AR A, B 5 R jh 3145 16 & K, 230
JEREMEEEEEAUBREK KT N R AL N 0.558 3% (75°) ;A8 T HE 2 m#
P8R i #8440 2 R0 E R I oK B K 5. 6 MPa; F [ & £ % Al 18 7 th (Felicity H) B An 2
TE IR F B A TR/, 72 T A BRI BT 0.7 B A 308 2R 2 B3 A, B T #E B fE B9 3 18 R 1T A
AT B FE LKA B IR £, B A B 2500, KA R AR AH @ s Rk W s,
[X®IA)] ERXERT; AHEE, REEEK; KRBT, K-z5%e; AHHEL;
R4

Study on freezing-dynamic combined damage and deterioration

characteristics of open-pit slope fractured rock mass in cold region

TIAN Sen', GONG Yuanheng', LI Yongxin' >, ZHAO Ying'-’, WANG Guangjin*, SI Hu'

(1 Key Laboratory of Coal Mine Disaster Dynamics and Control, School of Resources and Safety Engineering,
Chongging University, Chongqing 400044, China; 2 Mangshi Huasheng Gold Mine Development Co., Lid.,
Mangshi Yunnan 678400, China; 3 Chengdu Engineering Co., Ltd., Power Construction Corporation of China,
Chengdu Sichuan 611130, China; 4 Faculty of Land Resources Engineering, Kunming University of
Science and Technology, Kunming Yunnan 650093, China)

Abstract: Based on the high and steep slope project of an open-pit slope in cold region, 30 freeze-thaw

cycle tests were conducted. The temperature range was set from =30 “C to 20 °C. Subsequently uniaxial
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variable upper limit cyclic loading-unloading tests as well as synchronous acoustic emission monitoring tests
were carried out. Slope rock masses with fracture angles of 0, 25, 50 and 75° were used in potential slip
zone. The freezing-dynamic (freeze-thaw cycles and cyclic loading and unloading) combined damage and
deterioration characteristics and mechanical properties of slope rock mass were explored in macro and
mesoscopic scales. Furthermore, the crack initiation, propagation and failure modes of fractured rock mass
were studied. The results show that as the fracture angle increases, the freeze-thaw damage effect on the
fractured rock mass gradually decreases, while the compressive strength and elastic modulus exhibit a
linear increasing trend with the maximum deformation of fatigue resistance of 0. 558 3% at 75°. Compared
to ordinary uniaxial loading, the compressive strength of fractured rock masses under cyclic loading and
unloading condition decreases by 5.6 MPa. The Felicity ratios of different rock masses decrease with the
increase of cyclic levels, and the Felicity ratios at the final failure stage were all below 0. 7. As the cyclic
loading level increases, the increment of cumulative dissipated energy decreases with the increase of

fracture angle. The rock masses mainly exhibit tensile failure, but when the angles exceeded 25°, there is

H35%
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a trend of transformation from tensile and mixed failure to shear failure.

Keywords: cold regional open pit;

freezing-dynamic combined ;
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Fig.3 Stress-strain curves of cyclic loading-unloading of rock masses with different fracture angles after freeze-thaw
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