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Fracture pattern and toughness of layered sandstone influenced by layer orientation
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Abstract: In order to study the anisotropic properties of layered sandstone on fracture mechanics, the three-point bending tests
on the semi-circular specimens with different layer orientations and crack angles are conducted. The variations of normalized
stress intensity factors, fracture toughness and fracture patterns of these specimens with layer orientation are revealed. The
results illustrate that the fracture pattern of the specimens is closely related to the angle 6 between the layer orientation and the
loading direction, that is, tensile splitting along the layer when 6=0°, shearing along the layer when #=30°, tensile splitting
across the layer when 6=90° and composite shearing failure across and along the layer #=45° and 60°. The fracture toughness of
the specimens with different layer orientations greatly differs with the angle between the layer orientation and the loading
direction; when crack angle a=0°, the specimens with 0 of 90° has the maximum fracture toughness; and when those with 0 of
0° have the minimum one, the ratio equals 2.36. Modes I and II normalized stress intensity factors are calculated by using the
finite element code ABAQUS. It is shown that the mode II normalized stress intensity factor of the specimens varies more
evidently with the layer orientation when o equals 0°, that is, mode I fracture when 6=0° and 90°, mixed mode when 8=45° and
60°, and mode II dominated fracture when 6=30°. In addition, for the specimens with a=30°~60°, the mode I and mode II
normalized stress intensity factors show different variations with the layer orientation. The crack initiation angle, mixed-mode
fracture toughness and fracture trajectory of the specimens are

calculated by using the extended finite element method, and are HOTE: HRAREELH FHHE (41672300)

in good agreement with the experimental results. The results KR ER: 2018 - 12 - 04

*EAEE (E-mail: dahuang@hebut.edu.cn)
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indicate that crack initiation angles are influenced by the layer orientation and crack angle. The findings prove to be helpful for

understanding the fracture characteristics of the layered rock materials and enriching the researches on fracture mechanics and

numerical simulation of anisotropic rock materials.

Key words: semi-circular sandstone specimen; layer orientation; three-point bending test; stress intensity factor; fracture

toughness; fracture pattern
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Fig. 1 Geometrical characteristics of specimens, loading type and

layout of testing sensors
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Table 1 Fracture patterns of specimens with various inclination angles

or°

BRSO R A B 3 Hi

2NN

0=30°

o=50°

0=60°

LS 2 H T A 5K A
BERY T, o=0" Til
HIIsER IR, H
RARNTVISEI R 5

30

G R A BT )
ERIOE, a=0° If
Mg RRER,
a=30°, 50° , 60°
I 3 24 3 355 )= B A
W, A)sEE

45

58 R P Z B By
DI % AU = B )
gk kB R 2 A
5, BB VIR R
ZH 2k T on R
fbo REEVESZ o Sl
SO B S

60

4% 2 IV = B )
SKALBE RN T I A
BT B I B U
BIE SR, HH
DIEE R b ke H 2%
b s bt . Rt
T3 o FFE ]

ML

90

5% B V) 4 R i
H, BLOERHTF
BNE . RESE
B SR AL,
AR AU R B

J&. REGLEZ a i

f
!
L

[ } \

( — | MR

PRI = 2525 147 52 AR 28 O 80 mm. iR
7E MTS815 ‘54 J1243R 5 248 E5g . 56 Al 7E R
T ] 1) 4% 2 ity PR 90 500 0 e 22 FL BEL A5 B CBELAEL:
120+£0.1%Q, REEE: 2.0%+1%), FFe 8BRS
PRk, MR RO RGTGERAIE WL 1. RAZESMN
AL DH5902 K& R G AT R AR RE, 7RG
5 2 E B 2N T A PRI PCL-2 238 5 R
W R GEAT R (RTEBUORES N 40 dB, R FR
FEBIE N 40 dB) . 7EIRFEFN RS & SHE L 2 iR &
7, CAED P R BHE S 5. RI8 I #kds iy =N
R s, INEGE 2 0.02 mm/min.

2 WRER
2.1 AR

R 1 NS B ARETEA RV TI4E M T 1
PR, AW =30° , 50° , 60° I, 6=30° F1 6=
0° PR MY e e Y, 3 B 55 i 2 25 34 T w34
G R BRI . INF R P L e A B
VIS 2 A a0, PRARE p 5 — R U] 7 85 82 )
(6=30° ) BERFIN S (0=0° ) EHGE. P
SREETVSEHEE Y] (0=30° ) BsKRHR (0=0° ).
AT UL, 2 BT ()5 R R R W3 24T RAFE R
[PIRCIR, UM B B 5 R B i fise 28 25 3 T 1) 2 AR
A DUGRAIE L2 B I EL A R 08 1 5 LA D ) 4t
AT EELAL 4. BIR. ).

WRIEZIS Y R Z 5 R A, Bk
WA AT TGN LR 4 B



5510 ok, S5 RIS R W R R R S AR R ST 1857

(D VIZWE: MR SHEIT M 0=90°
(R TTRS) =SSN TNy 18 i = = P €3 ]
AN ZHTY & . VIS E a =0° By 1 31544,
Hoe U4 M BN 111 AR A Wi 28 FLRE o 3K 11 AU 584
5 P R

() VIEMEZHRAEMHR: 0=45° K& 60°
i, R I 2 B 5K R A2 E i B DI B
AR, RS ZUISEME o KR

(3) RHEHmMB IR 0=30° RKFERAEWZ
HUH BT U RN, o =0° RTEIgERRER, H
‘e NG PR U R S B IR, AN U4
.

(4 WEHEH KPR 0=0° RN EE
TR AR, BT i e — S D)4 AH 28 1)
JEER, BRYISEME o T

K3 A a=0° WBAEE AR R R,
A, 6=0° , 45° , 60° , 90° B, IRFERLERAE
FLARHRIE T INE 2 T 0=30° IRFER LR AR (S
(d) HIKTF 0.05D (D=2R, NRMEZ), HEIIAN
6=30° RFER T BTG TR AAh, k1 AT
TN SARPEWT 2T L, o =30° , 50° , 60° KT,
6=0° , 30° RFEYIARMNDIGEIRuGACZE, T2 H
R T 5K A BB UIREER, R 9 i 2050 A il ik
e (EABEH T2 )12 240,

O O
B3 a=0° BRERESIOREEE

Fig. 3 Traces of fractures observed on specimens with various

inclination angles when a=0°
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Fig. 4 Failure loads for specimens with various inclination angles
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Table 3 Test results of mixd-mode fracture toughness
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