% 45 %% 5 E AR5 R LA FROP E D Vol. 45 No. 5
2023 410 A Journal of Civil and Environmental Engineering Oct. 2023

B Y B i AR B R R 8 D) R AT Ok

XNFE G Y IFW, B, R Bk E g T
(ERAKF IARIEFR, ARABERAREG LA R FTBEASIEMAA PO, LHWALEL
FHHAALFTHEL LT, T K 400045)

W E AR RKRAFIOE AN T EAETRTEEZRTWEER T RO Y aE, £
AR EOEAERTHERR —HRRAGESTEXFAFTTALATRE, 25— E A4
HRFEERTBRAEFAEANAXFRTHRIE, Z2REA . MRAEOEDER T REBLEESH
AR, T - B Ry ARSI A BE B SR GE PSR BEXIEX, FHE G K e
B ARG E Ty AEEEEE EARE ABRANE LS B %R BN EMTF AR
BRPARESERA AT AELRER EANE KRN LA AR R
B TE I EE o ok B B e T B AR AR AL AR A 8 R B, 4B T BE 8 IR A B IR AR X T AL S TR A B3R R Ik
B IR Ae R v W AR IR, AR A RAE X T W R A iE AR AR T 5 SAHB, B R A A IR AL X T &
AR BN BRI B Ao T A B, e M s 3R AR X T 45 A R B R T A T B A R B
B, e 3w W i 3R AR X T 25 A R BRI B R W I B A W R AN SRR — AR KA
R TR ERT R EAREaR AR AGE MM R, L EEAX KB REHEM-C AR,

KR EFRYE, AT RS, A FAABAFER TR A

FES KRS TULS8 MR ER A X EHE:2096-6717(2023)05-0001-09

Shear mechanical behavior of rock with through-type saw-tooth joints
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Area, Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract: To explore the effect of undulating angle and normal stress on the shear strength and deformation of
the rock with regular saw-tooth joints, direct shear tests were carried out on the limestone samples with different
undulating angles under different normal stresses. Subsequently, a shear strength estimation formula was

established and verified. The results show that, under the same normal stress, according to the morphological
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characteristics, the shear stress-displacement curves can be divided into three types: the sliding curve, the
sliding-peak curve and the peak curve. The sliding curve and the sliding-peak curve can be divided into
nonlinearly slow rising, linear steep rising, and “upward convex” slow rising stage, approximately straight and
flat stage. The peak type curve can be divided into nonlinearly slow rising, linear steep rising, “slightly convex”
rising, brittle falling and gently descending stage. The failure mode of rock with saw-tooth joints with different
undulating angles can be generalized into three failure modes: sliding failure, climbing failure and gnawing
failure. The evolution of joint damage under each failure mode can be divided into three stages, i.e., the sliding
failure mode can be divided into compaction, friction-over-coming and sliding stage. The climbing failure mode
can be divided into compaction, climbing-sliding and plastic flow stage. The gnawing failure modes can be
divided into compaction-climbing, climbing-gnawing and gnawing-sliding stage. The shear strength increases

with the increase of the normal stress and undulating angle, and the evolution of shear strength still follows M-C

criterion.

Keywords: saw-tooth joints; direct shear test; shear mechanical behavior; failure mode; shear strength
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Fig.1 Field sampling and determination of the

mechanical parameters
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Table 1 Physical and mechanical parameters of the test

materials
R/ E WAL L A SIS I/ NS
(kg/m®)  J¥/MPa  H/MPa . kPa /()

2.65 57.26 6 600 0.24 5260 44.53
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Fig. 2 Schematic diagram of samples geometry size
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Fig.3 Samples processing flowchart
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Table 2 Design of test conditions

R AR/ R T RS m

©) J1/MPa ) J1/MPa
I 0 1.5 13 30 1.5
2 0 2.5 147 30 2.5
3 0 3.5 157 30 3.5
4 0 4.5 16 30 4.5
5 10 1.5 17 40 1.5
6" 10 2.5 187 40 2.5
7 10 3.5 19 40 3.5
8 10 4.5 207 40 4.5
9 20 1.5 217 50 1.5
107 20 2.5 22° 50 2.5
117 20 3.5 237 50 3.5
127 20 4.5 247 50 4.5
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Fig. 4 Schematic diagram of test equipment and loading
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Fig.5 Variation curve of the shear stress-shear displacement
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Fig. 6 The process of macro damage evolution of the joints
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Fig. 9 Schematic diagram of slope and contours of

strength reduction method
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Table 3 Calculation results of safety factor for slope stability
LA RE
10° 20° 30° 40° 50°
W55 K, 0.838  0.983  1.152  1.353  1.602
SREEPTINE K,  0.896  1.054  1.223  1.447  1.705
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