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Research on Rock Mass Strength and Crack Propagation Law under the Action of
Lateral Stiffness and Damage
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Abstract: As significant support forms in engineering, flexible and rigid supports are widely employed, and their mechanical
effects are closely associated with the stiffness characteristics of the support structure. To systematically disclose the influence
rules of lateral stiffness on the strength deterioration and crack propagation mechanism of the rock mass, the initial damage
coefficient () was introduced to represent the initial damage degree of the prefabricated crack system specimens. Based on the
self — developed test device with adjustable lateral constraint stiffness, biaxial compression tests on the specimens with
prefabricated crack systems were conducted. The test results indicate that: The total lateral stiffness has a remarkable inhibitory
effect on the strength loss induced by cracks, and the inhibitory effect shows a nonlinear growth trend with the increase of lateral
constraint stiffness and the initial damage coefficient (0.07 —0.64); The lateral constraint stiffness can enhance the crack
initiation stress threshold of the rock mass and facilitate the initiation of secondary cracks, but the inhibitory effect on the wing —
shaped cracks is regulated by the crack inclination angle; The lateral constraint stiffness can constrain the deformation of the
rock mass and drive the failure nature of the rock mass to transform from brittle failure to plastic failure; The lateral constraint

stiffness prompts the failure mode of the specimens to change from bending and crushing failure to direct crushing failure. The
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research reveals the evolution law of the rock mass strength and the transformation mechanism of the failure mode under the

coupling effect of lateral constraint stiffness and initial damage, and establishes the mapping relationship among support

stiffness, initial damage coefficient, and failure mode, providing a theoretical basis for the design of support structures and the

assessment of surrounding rock stability.
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Fig. 1 Schematic diagram of prefabricated crack specimen and mold
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Fig.2 Experimental setup

R AT AS MBS 2950 W BT 2y sl (i pEA
1 200. 00 GPa, X1 gl ] 29 A M BE £ 4, fi R v I
B, 5 S) SRR (SMALE 19. 35 MPa, X}

ISE AR 1) LR BE A 1, TTPRIRIIEE , U5 R), il
I AARIAS AE W JBE 22 S5 A S W 2 LR 4, [l i ise
BHHXIRA (W50 U)o 356 P B 1) 4 il

0.5 MPa, fSEIUIHJZ A ML R T ARAS o I 24 SR
A 3 ey P R R S B P 2 SRR, T A AR A

AN 1) IO A 5 AR 5 240 SRR O 3 G i P A6 e
PEAVF AR ALY, ARSI SRR T

2 MR R E RIS 5 3 5 1 58 B R

WL 7 7 34y, 5 SO BU e 45 26 AF T AT
01 24 SR B SRR VAL I F) o, V1P P 47 25 P 0 £
T2 HT o o 55 B S 206 5 PR D (LIS 7 A9 AR X 46 0
PO, SR ) 24 SO 55 BE A THR R

. oy - o

O
2.1 MeyRE ’éxfﬁ AL

1E0.5 MPa H) 46 B He 45 P85, M0 1) 2 TR0 52 06
UREIBEAEL I ) 1 32 TR TR 8 2 SR Ecsi s i 4, [l
IS ) LR BE 2L, WL 3 B 7R o AN TR ZREL Ay
TR TE R M EE 2% T U L L T 249 5 AR MY 8 2% A T 3
195, 70° RS IR A Al I B A% 1 T A WA RN )
HEIL . 1E0.5 MPa B UG 46 0F T, O 1) 29 SR 2
Xt T ZREU AR G A (AR L ) 38 R AT 4 BT/ o
0 TE 30°H A R/ ME, 7R 70 UG o R (H, TEm
WIBEZ&AF T 45 ° 1015 70° TR A 30 (Y W E B 7 3%
K (ZEMC0.03%) .

28 -

Al

x 100% (2)

= g
o IR
241 e
g t:::ﬁﬁﬁijj
=
=
= 20 -
g A\\\\\\\\\‘///////,/A——————A
5
16 -
1 2 1 1 | 1
30 45 60 70
K )
B3 ERS

Fig. 3 Peak stress
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Fig.4 Peak stress growth rate
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prefabricated crack system
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Fig.9 Crack rate of uniaxial 45° and 60° specimens
under uniaxial compression
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Fig. 10 Crack rate of uniaxial 45°specimens
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Fig. 17 Axial stress - strain curves under high lateral constraint stiffness
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Fig. 19 Specimen of 60° prefabricated crack system under high lateral restraint stiffness
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Fig. 20 Specimen at 45°y =0. 16 under uniaxial compression
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Table 2 Transformation of failure modes under the combined action
of lateral restraint stiffness and crack inclination angle (y=0. 64)
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