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CALCULATION MODEL FOR THE SHEAR STRENGTH OF SOFT-HARD
JOINTS BASED ON THREE-DIMENSIONAL MORPHOLOGY AND
DILATANCY EFFECT

JIN Lei-lei , WEI Yu-feng

(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection (Chengdu University of Technology), Chengdu, Sichuan 610059, China)

Abstract: It is difficult to accurately obtain the shear strength of soft-hard joints of hanging walls and footwalls
with different compressive strengths. The shear strength of such special joints cannot be accurately characterized
by the commonly used rock joint shear strength models such as the Barton models. We used three-dimensional
laser scanning and three-dimensional printing technology to pour artificial joint samples that have the natural joint
morphology and the same or different compressive strengths of the hanging walls and footwalls. Shear tests under
normal stress were carried out on the samples to analyze the effects of normal stress, three-dimensional
morphology and joint strength ratio on the shear strength and dilatancy angle of soft-hard joints. The test results
revealed that the shear strength of the joints was positively correlated with the normal stress, joint strength ratio
and joint roughness, and that the dilatancy angle was inversely correlated with the normal stress, and positively
correlated with the joint strength ratio and joint roughness. By studying the evolution law of the dilatancy angle
with the normal stress and the joint strength ratio in the shear process, we established a shear strength model of
rock joint with three-dimensional morphology parameters and the joint strength ratio. The reliability of the
proposed model was verified by comparison with the Barton model. The model was used to calculate the shear

strength of the soft-hard joints in the adit of the unstable slope in the reservoir area of a hydropower station in
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Yunnan Province. The calculation results were similar to the test values, which proved the applicability of the

model.

Key words: soft-hard joint; shear strength; Barton model; three-dimensional morphology; joint strength ratio
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Table 1 Basic parameters of cement mortar with
different proportions

SR AOK DK DB PRURRE o /MPa SRR E/GPa
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Table 2 Basic parameters of artificial joints
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apparent inclination angle
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Table 3 Direct shear test results of joints with different
extents of roughness

K-1 K-IT K-1IT
VLRI N )] oy /MPa

7p/MPa Tp/‘Tn 7p/MPa Tp/a'n 7p/MPa Tp/o'n
0.5 0.52 1.04 0.64 1.28 0.86 1.72
1.0 0.85 0.85 1.02 1.02 1.28 1.28
1.5 1.21 0.81 1.59 1.06 1.83 1.22
2.0 1.56 0.78 1.89 0.95 2.09 1.05
3.0 2.30 0.77 2.52 0.84 2.86 0.95

F4 FREBELTHEESRLLE
Table 4 Direct shear test results of joints with different
strength ratios

K-MI(£,,, =1.00) K-TI-2(£,, =2.13) K-IT-3(&,, =3.08)

LN ) o /MPa
7p/MPa 7p/MPa 7p/MPa
0.5 0.86 0.84 0.96
1.0 1.28 1.51 1.57
L5 1.83 1.90 2.09
2.0 2.09 2.47 2.51
3.0 2.86 3.19 3.15

DIRRT 1 mm IOZRE T, N I, 2T
NS IUIE RS2 A FAE 1 mm 24K
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Table 5 Peak dilatancy angle of artificial joints in each group
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VEIH B /oy /MPa
K-I K-II K-IIT
0.5 15.02 2223 30.26
1.0 12.26 17.86 25.86
15 11.22 1523 2261
2.0 9.92 14.73 20.01
3.0 7.94 11.66 17.47
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Table 6 Parameters in Barton model

X

5 MHSEREJIRC  HUEMRERBICS/MPa FEAREEE M 0, /(°)
K-I 6.73 19.90 31.0
K-II 11.89 19.90 31.0
K-I1I 16.41 19.90 31.0
K-11-2 16.41 Nk 1990 E#E: 4021 31.9
K-111-3 16.41 T 1990 R 60.30 32.5

B 10 A SCRE R T+ SRAE AN Barton A5 78 1550 4H
PARR SR O bR, H AT e A SO ARy 2
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K. T BT BT 5 B 00 E B B R B PR
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Fig. 10 Comparison of new model and experimental
values in K-III-3 group
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Table 7 Average deviation of new model and Barton model

Tpt - TpC

x 100% (18)

ae Aok Baron i
T e
K-I 40 43
K-1I 3.5 4.5
K-IIT 34 4.4
K-111-2 3.6 6.9 12.2
K-I11-3 34 9.8 219
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Fig. 11 Sampling points
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Table 8 Basic parameters of joint materials

Ak P58 R HICS/MPa FAPERR I E/GPa TR LEV/(%) SERPEG A 0,/(°) WA LLE,,
EAERE) 16.67 2.13 035
29.5 4.17
THKE) 69.51 5.12 0.25

*9 PHERAZHSHRARER

Table 9 Three-dimensional parameters and experimental results of surface

WRE BOREEM MBERE  ROCML WERRD BIRIJ RSO || R BOKEOHIREEE BoKML SRERL BRSO
Ltk WRA, ZHC Wif6),, on/MPa op/MPa 5o, /MPa| &8k HRILA, ZHC Bif6),,, on/MPa ou/MPa P5H{Ho/MPa
Cl-1 0436 550 536 0.93 1.01 0.96 C4-1 0467 1112 578 237 1.89 1.73
Cl-2 0563 540  63.0 0.98 1.46 1.38 42 0521 901 572 251 2.12 1.97
Cl-3 0460 705 721 1.01 1.16 112 C4-3 0537 493 T30 251 3.14 2.86
Cl-4 0505 1129 808 115 1.07 1.10 C4-4 0481 487 626 271 2.74 2.60
Cl-5 0463 669 452 1.25 0.99 1.08 C4-5 0521 707 810 2.89 2.86 2.74
C2-1 055 747 610 1.35 141 1.37 C5-1 0521 498 735 325 3.12 3.30
C2-2 0448 531 757 1.52 175 1.80 €52 0507 1011 66.2 3.26 2.54 246
€23 0499 969 620 1.56 1.45 1.32 C5-3 0464 673 755 3.37 3.16 2.88
C2-4 0441 1060 698 1.59 141 1.30 C5-4 0484 957 673 341 251 2.56
C2-5 0526 550 435 175 1.53 1.57 C5-5 0480 465 736 3.61 3.79 3.49
C3-1 0520 592 669 1.96 2.14 2.05 C6-1 0420  7.67 541 3.83 2.63 271
€32 0536 773 607 2.01 1.97 1.80 C6-2 0538 575 786 4.11 4.13 3.80
C3-3 0448 456 554 2.10 2.13 2.02 C6-3 0475 614 68.0 4.26 3.69 343
C3-4 0510 843 561 2.11 1.84 1.72 C6-4 0481 975 727 5.13 3.55 3.64
C3-5 0489 725 808 2.19 2.01 2.16 C6-5 0503 536 586 5.36 4.24 4.13

5 £ 2 T ORI} VA S SRR U YL R P SIC i
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