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Shear mechanical properties of rock mass with discontinuous joints
under unloading normal stress
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Abstract: In practice, the rock masses in a state of compression-shear stress are subjected to the normal stress unloading path
after excavation. In view of this, the specimens of discontinuous joints with different roughnesses JRC are prepared by using
the similar materials, and then the unloading shear tests with gradually decreasing normal stress o are carried out, and compared
with the conventional direct shear tests. The test results show that the change laws of failure and strength characteristics of the
specimens under two stress paths are different: with the increase of JRC, the specimens under unloading normal stress exhibit
stronger tensile failure characteristics, while those under conventional direct shear show stronger shear failure characteristics.
The strength of the specimens increases with the increase of JRC under both the normal stress unloading and the conventional
direct shear, but the normal stress unloading condition is mainly reflected in the increase of ¢, while the conventional direct
shear condition is mainly expressed in the increase of ¢. The main reason is that the normal stress unloading condition exhibits a
gradual decrease in o, resulting in a more obvious climbing effect. The conventional direct shear condition shows a gradual
increase in shear stress 7, resulting in a more obvious gnawing effect. If the strength of the specimens under normal stress
unloading is deduced according to the strength parameters of the conventional direct shear tests, it will be much greater than the
actual strength, which may lead to unsafe results. Finally, a modified model considering the weakening of rock bridge and the
influences of JRC is proposed based on the Jennings criterion. The errors between the theoretical prediction and the
experimental results are less than 10%, which shows that the proposed model can be better used to predict the strength of
discontinuous jointed rockmass under unloading normal stress.
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c=11.23 MPa, ¢=43.0° . AHAURPRIRR B AH AL EL
C~1.07, C+~1.00, Cr=1.16, C~0.87, C,~=1.08, fig
T AT LA ABEAS (A SR

TRE )£ 1) BAR IR - e AN 8] 1 FE AR v (R
fEZ) 0.5 mm) AR -RENIEE i E, 2 5H
B Ee 4 A R R 21 JE BN N 7 PRty . 7R
B TERE 6 h Ja B Bt i, AE T R A B
(R P RS o RS SE IR 24 h J B A LR R A
AT FRY 28 do A TRFE QI 1 Fios o

JRC=0, L=10 mm
h=0 mm, i=0°

JRC=5, L=10 mm
h=0.98 mm, i=11.06°

JRC=10, L=10 mm JRC=15, L=10 mm
h=1.84 mm, i=20.16° W@ /=2.7 mm, i=28.41°

JRC=20, L=10 mm
h=3.63 mm, i=35.95°
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Fig. 1 Specimens of discontinuous joints
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Table 1 Loading schemes for tests
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Fig. 2 Failure of typical specimens in unloading normal stress tests (initial o= 10 MPa, 7= 6.5 MPa)
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Fig. 3 Electron microscope scanning images of abrasion mark and
tensile section
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Table 2 Area ratio of scratches on discontinuous joints

R Witk ¢ BRI %
14 /MPa_ /MPa JRC=0 JRC=5 JRC=10 JRC=15JRC=20

2 - 0.00 0.00 0.00 0.00 1.35
4 - 0.00 0.00 0.00 272 483
A 6 - 431 822 9.03 11.48 13.51
8 - 558 928 11.17 12.61 13.69
10 — 634 1132 18.17 19.35 21.22

5.5 2327 1447 0.00 0.00 0.00
6.0 2521 19.12 1737 11.86 3.87
B 6 6.5 47.59 2681 2066 16.17 6.22
7.0 86.37 33.18 26.01 20.11 11.94
7.5 9229 3471 2991 21.78 19.25
42.40 16.07 19.74 1238 8.13
4578 16.16 15.83 13.91 7.98
5337 26.00 22.17 1595 5.13
10 57.63 27.45 2543 17.16 4.12
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Fig. 4 Stress-displacement curves of group A specimens
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Fig. 5 Stress-displacement curves of group B specimens
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Fig. 6 Stress-displacement curves of group C specimens
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