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Fig.1 Test sample: (a) geometric diagram; (b) rock sample and speckle pattern
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Fig. 2 Shear box test system and DIC test system
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Tab. 1 Information of red sandstone samples

| O ERBES AWrm R YWOA  ynsB ;
e mam/ o o R it/
RS-30-1 30 119. 99 120. 07 30. 34 24.12 24.10 924.7
RS-30-2 30 119. 64 119. 83 30.11 23.95 24.11 926. 2
RS-40-1 40 120. 02 120. 03 30. 27 23.97 23.98 917.9
RS-40-2 40 119. 98 119.92 30. 23 24.22 23.92 915.1
RS-50-1 50 120. 04 119.97 30. 29 24.03 24.07 922.6
RS-50-2 50 119. 86 119.79 30.11 23.85 24.00 884.1
RS-60-1 60 119. 90 119. 89 30.13 24.17 24.26 895. 4
RS-60-2 60 119. 82 119. 74 30. 20 24. 20 24.09 912.5
RS-70-1 70 119. 60 119. 80 30.32 23.92 23.63 905. 4
RS-70-2 70 120.12 120. 33 30. 39 24. 26 24.15 925.5
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Fig. 3 Load-displacement curve: (a)axial load-tangential displacement curve; (b)axial load-normal displacement curve
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Tab. 2 Fracture characteristics of specimens under different shear angles
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Fig. 4 Strain component distribution of sample in elastic deformation stage (X107*)
(a)RS-30-1; (b)RS-40-1; (c)RS-50-2; (d)RS-60-1; (e)RS-70-1
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Tab. 3 Cracking characteristics of each sample
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RS-60-1 Y B 116°
RS-60-2 Y11 B 98°
RS-70-1 R 90°
RS-70-2 A R 90°
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Fig. 7 Displacement component of sample RS-30-1 in local coordinate system:

(a) displacement component w ; (b)displacement component

ST SRS G H A 53 0 AL B A W R T P (X, =
0. 6mm) X ARHLZE R 6 L AFAE AT L 6 A AR 5T B B
T 6 A>T 4% 2 R 5 ) BR DD S T B9 A
BRI 8 i, 6 A 5 D) H AR g Y BE B 2300 A
Imm,2mm,3mm.4mm.5mm.6mm, 5 & 07 & AP 04
i, P8 i TRAMLOTFE R KR EL A T
(USRI TSR E LN R R IR R A AR o A G
Pl 8 vt i Sk e 20 1Y F T T R A A . o3 A Ak A AR A AR
B ¥ 73 i 22 (AR I 3800 e b B R AR O RS 2 B
49 22 (B 728 A0 1 0 B Ry 5K B2 3% 1Y A2 A0 BL RS 2 o Y 22
(R AR O B A 3 R0 B 9 A2 Ak o S AR 23 AT B i IR A LA
TSI (D FARA RSB0 — A4 (H B S B2
— AN ZRlT UYL BT 1) A AT AN — S R R TR X . (2) MR I REE0 A A DXL A RS 1Y A0 A 2R
POk B 2% X AT BE 2 B DIC THR R AR R iR 22 . (D TEA R BTV 1 254 T DIC 23 #r
(o G b U0 E 2R i 4 80 T i /K BE R B0 6mm, T LLRFAE F1 I 5 U0 1 2R i 1 R KBRS

6mm,

b A

L

&8 REAE A5 00 4R DI 101 T A AR A OC R
Fig.8 The relative position of the feature

points to the initial notch plane



204 Lo N % (2024 4E) 45 39 %

B9 JB/R TiAE RS-30-1 BYRFAF 2278 %0 B2 vh sk b (0 8 R0 RS 0 RS 1 A8 ARG 0 o il 3 560 1Y) 2
A1 W 2R 1 A7 7% T A% 000 B8 104 22 (ELERFE AN T4 K, B 200 45 0 O HOBREE I B0 10 s, 1 4% 1 251
AR 8 WA D) 0 2 o e 24 A v D 28 T IR A A 12 1) 5K 7 B 0 A7 A T DT 2 T ) 9 A% L A, BRI TR 24 AL
PR A RIWT R, RPN RS B B KA M 0. 046mm , 111 HE B8 2 B8 RO B R AE 0. 132mm, 38 K T i . X
AT LA B B9 D) N ) A AR v 5 WL B0 A i R b 4 T R R L. YY) 4075 T R LB 25 (E AR 1k
S Fib AR AR — 30, ol ML R 55 VI 1 £ S B AR,

0.050 T T T - 0.14
|

filii A | il A
& iflifi B H g < {ilifi B
~==ilifii C il 0-12 oo il €
0.040 1 .- i D a1 iilii D ,
—— i E A 0.10 H—— i E i
£ -~ i ifi F £ -e- il i F ‘[I'I
E 0.030 f\U Al . ' ﬁi ]
P om0 § 0.06
004}
0.010+
0.02}
0.000 S RN ; 0.00 . . . :
-0.2 0 0.2 0.4 0.6 0.8 -0.2 0 0.2 0.4 0.6 0.8
PlA i F2/mm P11A) v 8 /mm
B9 ke RS-30-1 FAE s vk 1] (7% 22 (8 B A A U0 1) 12 78 22 (B A8 4L - () TRPLALHS 5 (D) WAL

Fig.9 The change of normal displacement difference and tangential displacement difference of

sample RS-30-1 feature points: (a) tensile displacement; (b) sliding displacement
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Study on strain distribution characteristics
and fracture initiation mechanism at crack tip
of red sandstone under compressive shear load

ZUO Jintao'?*, ZHUO Li'**, LIU Huaizhong'?, XIE Honggiang"?, HE Jiangda'*?

(1. College of Water Resources and Hydropower, Sichuan University, Chengdu 610065, Sichuan, China;
2. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: In the pure shear state of rock, the fractures are all mode I or mixed mode. In order to study
the mode II fracture, it is necessary to explore the fracture mechanism under the combined action of
compressive shear load. In this paper, the shear box device was used to load the doubled-edge notched
red sandstone samples. The strain state on the sample’s notch tip and rock ligament was analyzed
using the digital image correlation (DIC) technique, and the crack initiation mechanism was
determined. The test results revealed that when the shear angle was 30° to 60°, all samples cracked
from the notch tip, with varying degrees of fracture deflection along the rock bridge plane. When the
shear angle was 70°, the sample cracked from the middle of the rock bridge, and the fracture
propagated along the rock bridge plane. By analyzing the fracture characteristics of samples and DIC
test data, the main conclusions were drawn: with the increase of shear angle, the ratio of maximum
tensile displacement and maximum sliding displacement gradually increased, and the fracture
mechanism changed from shear fracture to tensile fracture. when the shear angle was 30° and 40°, the
stress state of the sample rock bridge at the initial fracture plane remained in the compressive shear
state, with the fracture mechanism dominated by shear-induced tensile shear mode. When the shear
angle was 50° and 60°, the stress state of the rock bridge initially remained in the compressive shear
state, but with further load increase, it gradually transitioned to a tensile shear state, resulting in a
mixed fracture mechanism of tensile shear. When the shear angle was 70°, tensile stress always
existed in the loading process of the specimen rock bridge. Moreover, with increased load, tensile
stress also appeared along the initial crack plane of the notch tip, which cannot reach the compression
shear state, and the crack initiation mechanism is a tensile fracture.

Keywords: shear box test; compressive shear fracture; digital image correlation technique; fracture

mechanism



