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Study of shear slip zone in direct shear test of granular
materials based on photoelastic method
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Abstract: The development pattern and distribution characteristics of the shear zone of the particle direct shear
test determine the strength of the particle body, but it is not easy to observe. The direct shear test of transparent
polycarbonate particles was carried out using a homemade test device. Based on the principle of photoelastic
method, the development process of force chain, the development pattern of main contact angle and shear slip
surface of particles were studied by observing the shear mechanical properties, stress chain distribution and
displacement field of particles, and the simulation analysis was carried out in PFC*. The tests show that: the

stress shielding phenomenon exists in the force chain distribution of the particle system during the direct shear
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process; the strong force chain, contact angle and main stress direction of the particle system are deflected, and
the deflection characteristics are basically the same; the particles form an arch-shaped shear slip surface during
the shear process, and form an arch-shaped slip shear zone together with the horizontal shear surface. The arch
slip zone forms at the beginning of shear and continues throughout the shear process. At peak shear stress, the
height of the arch-slip zone is proportional to the initial normal force and is between (13-15) ds, thick. The arch
slip zone gradually decreases during the residual stress phase, and the arch slip zone gradually tends to a steady
state, and the height of the arch slip zone under different initial normal forces does not differ significantly during
the residual stress phase, while thickness varies between (8-9) ds,.

Keywords: particulate matter; photoelastic method; straight shear test; shear expansion (contraction); arch

shear zone
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Fig.1 Direct shear model for photoelastic test

F5 TR I A8 2% 48 RE S BT 0 28 L K i 2 R B
AR B bR R 5 R OB 1 5T 0 & R B , R B A
LN 2 AR GRS AT, BE A8 A7 X B UKL Y
PR S o A BR AR AE 0 EORT , 22 2 AL B 5 i 5
&, 1 3 3 BN N RE A U B BT i

TN 28 28 G 2o e S 6 T AT 32 B0, I ET i
B 2 L 2 R N g T, B g i 3 ) s TR g

VR, =

TR IR A UKL A1 LR Lexan*9030 SR Bk R 1K
FE RN R A 1A, SR BE 2k 5 mm, B4 Ry P b S [ 1
RSFIRA A, 4350 1832 i & 42 6 mm Ay Bk Al
558 il B 42 8 mm [ AUREL , R BB 2 390 B, R
A 7 T o AR VR S S FE , DA S SR Y B0 R HE
i % S8 R SRR . AN, S R R (R 4 Ok AE
I T Ak B S A R AR I T, A R O BR L K
F14) 7 5 94 AR ek RN H I, D30 °C/h e EE
T2 165 °C, HAH IR 7~8 h, HLA 15 °C/h 1 & JE K& IR
FE R AW R R AN T o Lexan*9030 5 ik 12 g
MEZSELFR 1.

x1 BHSH™

Table 1 Particle parameters™®

EE/ Wl RS ER
MR Bk A/ Pa
(g/cm®) ’ ’ e ES s R4
1.2 0. 36 2.4x10° 0.5 0.02

1.3 FHEEBEE<GC>E

S HLSURL AR 22 BB R S R A AR AR, R
P AR S YR A B <GP > S T R e R
PO AE B SHEM M ER ., KB RAFHEA
p BE <GP 5 P 3 W UKL 5 B0 22 18] 19 422 fink 77
R AR <G> TR A S
RGB ¥ o MR B R Mt 5 8 L, R, .G, fl
B, =A oy 4B, B A i K 88 B2 1 (E i X
I[—l,fﬂ_fiﬂ.j—l If—L/—l_IfH,jH

(Iil,j_ Il+l,j)2 +(Ii,jl - Ii,j+l)2 +(
2

2
PR R 2 (2) THE MR R AL )) B AR
FE T -
v, | =|Vr, | +|ve,[ +|vB,[ (2
Gt A ORI IR R L, Bl U (3) 1
15 3 A5 JBOREL 14 SF- Y b BE <G>,
1 XL 2
NG Z;\ VI, |
A N BURLAR R R R A EL
1.4 EHHRBAREIT
AN 4 20 R0 0 125 1) 0 1 B U035, 0 IR 1k 1)
J143 518 100, 200,300,400 N3 ik 56 & 7> b F M 2
110 O W S5l 1 b= N I o 1) | RN R = A D N 'S
AR S TR R He 5 T 2 2 A 1) i n 55 90 g, A A5 K

<G >= (3)

(DitEHF
) +( ) A
232 232

B LR Iy AR B Bl

B0 R T4 1 U0 15 3 % s 189 07 3038 G in 2 V1) 1k)
T3, 50 AR S 0.3 mm Ze A 5 1R T O B BORRL AR 4L
PN LRI BuR e th P N G N VR S b & NS I
Wt iy o8 B il o f A2 U, B E LUK SF ST OIS
B E 30 mm & G AR o BT O R A1 B
R PR, A A5 21 /Y &R AT LUULER 21 9] 18 77 1 22
A L B 38 PR O A B4 ) B e R A

K584 Ritit

2.1 EHIKIEAEMIFE

TE AN [F 90 4 6 1] 3 AR R 32 20 34 im0 m) 37
B UKL AZ B (1 57 U] 3 Fn s ) v B kAR AR AR B 2 02
SR S AT UL R 1 O R M 2k o

2



ELATARABRENBREMMA AT RETASEAR 15

% 3 M LG, F

160
140

120

%

=100

.]2{ i

=

® 60

—e— kNl 71100 N
—— WdhikIn) 11200 N
—v— W)4Gi%1E J1300 N
—e— WUhTEIE 13400 N

S8 12 16 20 4 3w »
fiFs/mm
B2 FUIRNAOSHIABHNXRLE

Fig.2 Curves of shear stress and shear displacement
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Fig.3 Curves of vertical displacement and shear

displacement
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Fig.5 Particle force chain diagrams during shear development
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Fig. 11 Normal contact force chain distribution diagrams
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