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Fig. 1 Direct shear creep test instrument and specimens
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Tab.1 Mechanical parameters of matrix and structural
plane obtained from direct shear test
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Fig.2 Shear creep curves of horizontal structural plane
rock mass
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Fig. 3 Structural plane failure diagram
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Fig. 4 Numerical simulation loading diagram
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Fig. 5 Cvisc constitutive model
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Tab.2 Parameter identification results of burgers model
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Tab.3 Numerical simulation parameter
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Fig. 6 Numerical simulation of shear creep
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Fig. 7 Shear displacement cloud diagram of rock mass un-
der different junction—shear-angle
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Fig. 8 Shear creep curves at the different angle between
structural planes and the shear plane
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Fig. 9 Failure load at the different structural planes angles
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Fig. 10 Shear creep of structural plane of different
thicknesses

AN [7) 25 o T V) S 2 S A 2 ) 245 SR el 11 B
N o B 11 AT : [R]—25 -85 Ff1 R, AS [ ] B R 45 24
A TET 5 A ) 0 T 7 28 A — B0, Y4 5 44 T I P D /)
B AR, WA A 2 2 S /)N 5 i 5 A T )
PRI, IR fa 2 231G R, Y ] R4 K #1100 mm B,
e VR ey 28 R BA S5 5 A0 THIA PR S AR — 30 Y 2537 f
[l (0°, 14°11}, [A] #E A 10,20 mm B 5 AR 38 i 25
5e/IN 435 R T 1) KT 30 mim P 5 AR Al R r 28— 3
MEE_BY R T 14°0F, Bl FA B2 3G K, 2546 1 (] FE
W/ NE e R B, BY U)IRASATY By AL T ]

AN TR 25 A6 THT 2 A RS I AR R AN ] 12 i o
K12 AT [F]— 258 f1 T, Bl 285480 10 9% FE G R
e A1 28 T — 2 5 A B 1) 380 8 St i/ N 4 4 T
SE-BY N W R ar A [, i A 5 e T %% B R
s BT — G BT V) R N

DL bt , 25 6 T BY D) 5% A T RN S5 4 Thi ) BE AT
oK B SRR AT AT 56 . BY VIR AR SR AR 2559 £
AR A SR A O AR — MR R 4557
PR, BY VI AR SR 200 /N T 24 2557 £ 1S KB, %
87 =Ry IR ST R STiR by N



WRSCHE , 45 - 52 47T 4 M THI ) A 1] B U0 AR R PRI 5 227

55 6 14
= 0° - 14° —+>-40° —=-70°
—— 5%  —-20° —e—50° —e— 80°
a7 10° -« 30° - 60° —— 90°

3000

2500 F /‘

2000 F /

= 1500 //e/e/e/—f_qe/e—e—e—;

1000?/_/44—4—4—4—“/9/
— "

500 O S S VR VR VR C—
1 1 1 1 ]

0 20 40 60 80 100
[&] 5 /mm
11 A EZEHHE 8] 88 N AR Tar £
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Study on Directional Shear Creep Characteristics of Rock Mass Controlled by Structural Plane
GENG Wenyan, YANG Tao*, JI Lizhi, XIE Jiangwei

(School of Civil Engineering, Southwest JiaoTong University, Chengdu 610031, China)
Abstract:

Objective Long-term creep deformation of a slope is significant for major engineering practice and the natural environment. A high and steep
rock slope located in a high tectonic stress area can creep due to the elevated stress level of the slope. After long-term creep deformation accumu-
lates, it can lead to the instability of the slope along the sliding surface. At this stage, the creep on the sliding surface controls the overall deforma-
tion of the slope. In general, the slope sliding surface is not entirely consistent with the rock mass structural plane, while the shear creep of the
sliding surface is governed by the creep characteristics of the structural plane. Generally, the slope sliding surface is not entirely consistent with
the rock mass structural plane, yet the shear creep of the sliding surface remains governed by the creep characteristics of the structural plane.
Methods This study examined the effects of the angle and spacing between different structural planes and shear planes on the directional shear
creep characteristics of the rock mass to thoroughly understand the creep failure mechanism of the slope along the slip surface, particularly the in-
fluence of the structural plane on the shear creep mechanical properties of the slip surface. The shear creep tests of the structural plane were de-
signed, and the direct shear test and direct shear creep test under a certain normal force were conducted on the second (J,=3) structural plane of
the Barton standard joint profiles to determine its mechanical and creep mechanical properties. The creep curve obtained from the laboratory test
was analyzed and fitted to establish the creep constitutive model and preliminary parameters of the structural plane. Based on numerical analysis,
the direct shear creep numerical test was conducted on the horizontal structural plane specimen model, and the final constitutive parameters of the
structural plane were obtained. Using these parameters, the numerical analysis of rock mass models under different angles between structural
planes and the shear plane, and different spacings of structural planes was conducted.

Results and Discussion Through these numerical experimentations, the creep mechanical properties, such as failure load and steady-state creep
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rate before failure, were analyzed. The results indicated that, for the rock mass with a single structural plane, different angles between structural
planes and the shear plane significantly influenced the rock mass. When the angle between structural planes and the shear plane was less than 14°,
the creep curve of the shear plane was controlled by the structural plane, and the shape of the creep curve resembled that of the structural plane.
When the angle between structural planes and the shear plane was greater than 14°, the creep behavior was strongly influenced by the matrix, so
the creep curve changed considerably, resembling that of the matrix. Under lower stress, creep did not essentially occur. The steady-state creep
rate of the first stage before failure has great significance for practical engineering applications. The steady-state creep rate of the first stage be-
fore the failure load was related to the characteristics of the structural plane and the failure load. Under the same failure load, the larger the knot-
shear angle, the smaller the shear creep rate. When the knot-shear angle increases, the failure load rises, and the shear creep rate also improves.
Compared to the characteristics of the structural plane, the failure load has a greater influence on the shear creep rate. For the rock mass with dif-
ferent structural plane spacings, at the same knot-shear angle, a larger structural plane spacing causes the creep failure load to occur closer to the
single structural plane creep curve.

Conclusions When the spacing of structural planes was reduced to a certain extent, such as when the spacing was 50 mm, the shear displacement
was similar, and the creep curve of the rock mass was closer to that of a single structural plane. When the spacing of structural planes was greater
than 50 mm, the shear creep mechanical properties of the rock mass were similar to those of structural planes, and the influence of structural
plane spacing on the shear plane can be ignored. The fitting formula between the density of the structural plane on the shear plane and the failure
load was obtained. The critical structural density of the overall strength of the rock mass was 40.99%.

Key words: direct shear creep test; numerical analysis; failure loads; steady creep rate of the previous stage
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