H47% HoW Fo S T - Vol 47 No.9
2025 4F 9H Chinese Journal of Geotechnical Engineering Sep. 2025

DOI: 10.11779/CJGE20240523

oIS
\s

B E G TR E R ENBE R ER M EEN

MEHR

FiEM, EEMARTES, =4O e
(. FTPRRZFLEARTARZRE, TR 400045; 2. FEX BT 5 F PG E Z 07 BEE TR A A0 (R, TR 400045: 3. L@ &S
PR IR S R (R K, EIK 4000455 4. TOZRHERF RS EAR TR SR, BRI P54 710054;
5. HEPCTT O JR) FA VLK SCH B AR BTN, K 401121)

o OE: JCEMDKAFES R IIERR LS, FHARHIE KA IRERFAE, 15y Griffith B 220k %O [ B B RO AT A 2R
TR ARG TR . RN TR B 5 A T R R P ) B B A e AN SL i A B IR AR, A VA B
TEAMEA AR . WAL S REAL RIS L 4 PR, FRARIEARLRIES) ) =308 . Lemaitre NS5 (R BORIE A BE
I, HS TIERICE ZAMRE SRR B R R E A, G TIERRICA IR R T AR S Y R . iF
FAERFM: ARPERERFCHES, SRR, A MARITL. SEBEACA AN AL FL I K R e A SR A AR TRk 35 5
HRAE BB B FERIURFIE . 2 QAR & 4013 B8 B R JOR LA SN AR M 2%, A AR TERBIR A BT 43 N B B (1)
WL AL E A B (1D 4EWRLUCEY R B (1D W RLUEY R B (V) PR 20 3 Wi
TERBT B (V) 55 5 AL, HEIVI B B RS SR CR 8 s VRN A AR AR R0 . BT S5 SR T o
FVE L X B PR AR IR T

KEBIR: WA BEREML EATWER AR REEBRCR, HayR

FESES: TU4S XHRFRIRAD: A XEHE: 1000-4548(2025)09-1903-10

EERN: FiEAK(1995— ), LA, FEMNIERIIEAE AT TAE, E-mail: 1902016125@qq.com.

Research on evolution law of coupled macro-micro damage release rate of
fractured limestone under uniaxial compression test

WANG Runqiu', WANG Guilin" %3, ZHANG Liang *, SUN Fan’
(1. School of Civil Engineering, Chongqing University, Chongqing 400045, China; 2. National Joint Engineering Research Center of

Geohazards Prevention in the Reservoir Areas, Chonggqing 400045, China; 3. Key Laboratory of New Technology for Construction of
Cities in Mountain Area(Chongging University), Ministry of Education, Chongqing 400045, China; 4. School of Architecture and Civil
Engineering, Xi'an University of Science and Technology, Xi'an 710054, China; 5. Nanjiang Hydrogeological & Engineering Geology

Brigade, Chongqing 401121, China)

Abstract: Limestone region is characterized by a complex and extensive karst network, featuring a variety of fracture shapes
that can be categorized into four primary types: cracks, elliptical holes, mushroom-like holes, and dumbbell-like holes.
Compared with intact limestone, the presence of fissures significantly influences the mechanical properties, energy
characteristics and the mechanism of microcracks in limestone. Furthermore, energy release rate, which is the core of the
Griffith fracture criterion, effectively characterizes the crack propagation process of rock mass. To investigate energy
characteristics and the mechanism of micro-crack initiation and propagation evolution during the deformation and

failure of fractured limestone, a formula for the coupled micro-macro damage energy release rate is derived, based on nonlinear
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dynamic theory, Lemaitre strain equivalent hypothesis, and energy theory. This was followed by the determination of the

micro-crack propagation law under Unconfined Compressive Strength (UCS) testing conditions. The results indicate that,

according to the energy dissipation theory, the order of energy accumulation is as follows: mushroom-like hole, fissure, elliptic

hole, intact limestone, and dumbbell-like hole. Based on energy dissipation characteristics, coupled macro-micro damage

energy release rate and stress-strain curve, the deformation and failure stages of fractured limestone and intact limestone can be

divided into five stages: stress adjustment stage (Stage I), stable closing of micro-cracks or micro-pores (Stage II), low-speed

propagation of micro-cracks (Stage III), rapid propagation of micro-cracks (Stage IV), and the formation of main macroscopic

fractures (Stage V). The mutation point of energy release rate in Stage IV prior to the peak can serve as an identification point

of failure precursor of rock samples. The research results can provide theoretical guidance for analyzing geological hazards in

karst areas.
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Table 2 Energy release rate and energy density evolution characteristics of fractured limestone
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