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Abstract; Three-dimensional non-persistent joints containing random rock bridges were fabricated by adopting 3D
printing technology. Direct shear tests were conducted on specimens with joint persistence of five different percentages
under three levels of normal stress. On the basis of test data, the laws of variation of shear strength parameters of
three-dimensional non-persistent joints with joint persistence were systematically analyzed. The results show that the peak
shear strength of joints decreases obviously with the increase of joint persistence. There is a significant difference in the
variation of cohesion and internal friction angle with the increase of joint persistence. Cohesion decreases rapidly in a
nonlinear manner, while the internal friction angle remains relatively stable. Furthermore, based on the laboratory direct
shear test results, rheological elements were introduced to characterize the shear mechanical behavior of specimens, and
a shear damage evolution constitutive model was established for non-persistent jointed rock mass. It is found that the
calculated results of the model are in good agreement with the experimental data.
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Fig.1 Production process of non-persistent joint plane
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Fig.2 Designed and fabricated non-persistent jointed specimens
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Table 1 Basic mechanical parameters
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Fig.3  Shear failure modes of specimens with joint persistence

of different percentages
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Fig.4 Peak shear stress of specimens with joint persistence

of different percentages under different normal loads
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Fig.5 Cohesion and internal friction angle of specimens

with joint persistence of different percentages
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Fig.6 Typical shear stress - shear displacement curve
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Fig.7 Rheological element model
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Fig.8 Shear stress - shear displacement curves of specimens

with joint persistence of different percentages

9 A HBLE JE 0.388 IR FAE L IR R ) 1.2 Al
3 MPa /£ A 85 UIN; -85 D)0 8% M 26, w] LARA i &
) 3 20 234 B A S B B IR B B AR Ak
B B R AR B B B, e S B B B U N B B Y1) 37
RS A A —3

5
——1 MPa
---2MPa
al S —.—-3MPa
7 ~.
: S
= 3 /'/ S
=
2 i
= r /}{
= 7
Fs
1 7
v
&
i
0 i 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8
BIYI6LF%/ mm

B9 AEEER N TR 451 - Y1 # h 2%
Fig.9 Shear stress - shear displacement curves of specimens

under different normal stresses

3.2 1EBIIGHF

YA (20) , 2 BT BE BT JE 0.388.,0.781 11
B, BRI N 77 1.2 .3 MPa R B9BTHI N F7-37 4]
MMM A TILE , S U R & S RO 2, 3R
WS AR R, B 1~ 3 AR MR S, KT R K3 4y
W /N BEE BE 0.388 F10.781, AU 4 45 1 5 iR 6 4%
ST LEanE 10 s, BARLA 45 R il a5 R B A



6 [/ N N i 46 %
R LG B, R — vk m b R, 7 251 LRI/, 15 B 8 DI T AT 8Y B8 1 A7 E HI 55 7E .
0.388[MIAFEBY I AL K T B GTE I 0.781 B UEERIBY A SRASR & 5 77 B fioh i 110 3R Ak ik LA AR SR A9 28

DINERS , U W Bt =5 B 508 HE O, B0 1T ) B 4 )

PR AR, I E R A Sl AR o B A R

®2 HURGERUSSH
Table 2  Fitting parameters for shear damage model
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