546 B 4 ) F B I & Vol.46 No.4
2026 4 8 H MINING AND METALLURGICAL ENGINEERING August 2026

ot

; 1 R 7y 2 24 4 | we 1) oo D
SHZEBWEHTY NS ARENIEBYR
LA TR, chakA akaRa, R’
(LR ZE 2 0 TR BT BB A R E, db 2225 066000; 2.5 b2 S @8 Gew 1L TR B AR B oG, b 2225 066000; 3.4k
Kt WIRS AR TR, L7 WA 110819)

 OE EIENENRE SEEA RS G 2, RS RN E  THE AR ) A A R AR T % V IR T
LR E Y 15478 . BER B YRR a=110°  F A B=0°0F M N EEAMER I A B3, i 25
TR e 2 DT AT T 95 U1 7 ) B LA ih e 7 B A 25 2 T O 0 AR B 135430 S 30 Bk 35 %) 2 DXARRAIE, B P Sl 2 A
RS PR T i 5 5 7 Sk AR R AR S i A AN XZ T R, FE R SRS T SEIE 24BN &, T R SRR 1R 2
R ZIRABREIARA R A

KER: A0 WA R MRS BTU1 15 BORRE 1Y WAL

hE 55 TD313 MERFRERD: A doi: 10.3969/].issn.0253-6099.2026.04.010

XEHS: 0253-6099(2026)04-0074-007

Shear Mechanical Properties and Fracture Mechanism of
Sandstone Containing Intersecting Fractures
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Abstract; The shear mechanical behavior of red sandstone specimens with prefabricated V-shaped fractures was
systematically investigated via laboratory shear tests and numerical simulations, from the perspectives of strength
parameters, crack-initiation locations, coalescence modes and stress-field evolution. The results show that the
deterioration of internal friction angle and cohesion of specimens is the most significant when the crack opening angle
a = 110° and azimuth angle 8 = 0°. The finally formed fracture surfaces with coalescence in specimens are parallel to
the shear direction, whereas the crack-initiation locations are strongly controlled by the azimuth angle 8. The stress-field
distribution shows clear zoning behavior; the low-stress zone presents an inclined S shape, while high-stress and shear-
stress zones concenirate at fracture tips and end boundaries. From the mesoscopic perspective, principal stresses
dominate the development of wing fractures, and the coupled compression-shear effect is the fundamental cause for the
generation of secondary fractures.
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Table 1  Specimen groups and experimental conditions
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Fig.1 Specimen dimensions and geometry parameters of

V-shaped fractures
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Fig.2 Selected test fracture specimens
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Fig.3  Schematic of overall structure and loading of test apparatus
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Fig.4 Curves of normal stress versus peak shear stress
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Table 2 Calculation results of overall deterioration index
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Fig.6 Final failure modes of specimens
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Table 3  Characteristic parameters of macroscopic

coalesced fractures

w5 fiff/(°) Bl K /mm AN FL/ mm
ApO  AHRQ  AHEO RO AROSRAEO
B 14.3 15.3 3.12 2.23 1.47
C 32.6 0.80 2.83 1.98 1.32
D -36.6 -35.4 2.98 2.26 1.75
E 39.5 41.8 3.53 3.02 1.14
F 42.3 38.6 2.64 2.03 1.40
G -17.4 -18.7 2.61 1.95 1.63
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Fig.7 Macro crack-initiation locations in specimens
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Table 4  Calibration results of mesoscopic parameters for

numerical model
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Fig.8 Comparison between laboratory tests and numerical simulations
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Fig.10  Evolution of maximum principal stress in specimens
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