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Numerical Simulation Analysis of Critical Length of Instable Failure
for Bedding Rock Slope

YANG Cheng. QIAO Qianfeng, LEI Song
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Abstract: In the excavation of bedding rock slope with multi-layer soft interlayer, the failure of slope
instability is usually occurred in a limited range, which has been named as *the critical length of in-
stable failure”. This length has a decisive impact on the evaluation of slope stability and the design of
retaining engineering. However, there is still not a mature solution on how to determine the critical
length, that often be determined by the experience. Based on the detailed investigation and study of
bedding slope at K3+115~K3+215 section of the Huaikou Town west loop line, the deformation
failure process and range of the multi-layer soft interlayer in bedding slope has been analyzed by using
the numerical simulation. Compared with the existing deformation characteristics, it is proved that
the numerical simulation is feasible to analyze the deformation and failure process and the critical
length of instable failure. The critical length determination of instable failure provides a basis for the
subsequent stability calculation of slope and the design of retaining engineering, which achieves the
expected purpose. Therefore, the analysis method in this paper has reference value for the bedding
slope with similar characteristics.
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Tab.1 Parameter of the numerical model
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Fig. 7 Contrast map of topography before and after slope excavation
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Step 2885 Model Perspective
15:47:52 Tue May 01 2018

Center:

Rotation:

X: 1,449e+002 X:110.000
Y:4.341e+001 Y: 350.000
Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500
Move: 3.361e+001
Rot.: 10.000
L
Bl?ck Group S
2
3
4
5
6
7
8
9

Iltasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 3911 Model Perspective
18:18:09 Tue May 01 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y: 4.341e+001 Y: 0.000
Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin: Plane Normal:

X: 0.000e+000 X: 0.000e+000

Y: 0.000e+000 ¥: 0.000e+000

Z: 1.000e+000 Z: 1.000e+000

Contour of X-Displacement S

Plane: on
Magfac = 0.000e+000
-1.2594e-003 to -1.2500e-003
-1.2500e-003 to -1.0000e-003
-1.0000e-003 to -7.5000e-004
-7.5000e-004 to -5.0000e-004
-5.0000e-004 to -2.5000e-004
-2.5000e-004 to 0.0000e+000
0.0000e+000 to 2.5000e-004
2.5000e-004 to 5.0000e-004
5.0000e-004 to 7.5000e-004
7.5000e-004 to 9.8320e-004
Interval = 2.5e-004

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 5910 Model Perspective
18:29:29 Tue May 01 2018

Center: Rotation:
X: 1.449e+002
Y:4.341e+001
Z: 7.500e+001
Dist: 8.449e+002
Increments:
Move: 3.361e+001
Rot.: 10.000

Plane Origin: Plane Normal:

X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z: 1.000e+000 Z: 1.000e+000

Contour of X-Displacement
Plane: on
Magfac = 0.000e+000
-8.3093e-004 to 0.0000e+000
0.0000e+000 to 1.0000e-003
1.0000e-003 to 2.0000e-003
2.0000e-003 to 3.0000e-003
3.0000e-003 to 4.0000e-003
4.0000e-003 to 5.0000e-003
5.0000e-003 to 6.0000e-003
6.0000e-003 to 7.0000e-003
7.0000e-003 to 7.8264e-003
Interval = 1.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

% I 2 JG(After the second excavation)
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Fig. 10  Cloud chart of plastic zone under natural working condition
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Step 3825 Model Perspective
18:42:44 Tue May O1 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y:4.341e+001 Y: 0.000

Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin: Plane Normal:

X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z: 0.000e+000 Z: 1.000e+000

Contour of X-Displacement

Plane: on

Magfac = 0.000e+000
-1.1177e-003 to -1.0000e-003
-1.0000e-003 to -5.0000e-004
-5.0000e-004 to 0.0000e+000
0.0000e+000 to 5.0000e-004
5.0000e-004 to 1.0000e-003
1.0000e-003 to 1.5000e-003
1.5000e-003 to 1.7722e-003
Interval = 5.0e-004

Itasca Consulting Group, Inc.
Minneapolis, MN USA

JF ¥ Hi(Before the excavation)
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Step 4697 Model Perspective
18:47:00 Tue May 01 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y: 4.341e+001 Y: 0.000
Z: 7.500e+001 : 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin: Plane Normal:

X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z: 1.000e+000 Z: 1.000e+000

Contour of X-Displacement
Plane: on
Magfac = 0.000e+000
-9.8975e-004 to 0.0000e+000
0.0000e+000 to 1.0000e-003
1.0000e-003 to 2.0000e-003
2.0000e-003 to 3.0000e-003
3.0000e-003 to 4.0000e-003
4.0000e-003 to 5.0000e-003
5.0000e-003 to 5.5347e-003
Interval = 1.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

5 — I FF ¥2 J5 (After the first excavation)
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Step 6832 Model Perspective
18:54:21 Tue May 01 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y:4.341e+001 ¥: 0.000

Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin: Plane Normal:

X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z: 1.000e+000 Z: 1.000e+000

Contour of X-Displacement
Plane: on
Magfac = 0.000e+000
-6.4513e-004 to 0.0000e+000
0.0000e+000 to 5.0000e-003
5.0000e-003 to 1.0000e-002
1.0000e-002 to 1.5000e-002
1.5000e-002 to 2.0000e-002
2.0000e-002 to 2.5000e-002
2.5000e-002 to 2.9231e-002
Interval = 5.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

3 IR JT 2 J5 (After the second excavation)
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Fl AC3I>» 3. 00

Step 15709 Model Perspective
19:06:52 Tue May 01 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y:4.341e+001 Y: 0.000

Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin: Plane Normal:

X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z: 1.000e+000 Z: 1.000e+000

Contour of X-Displacement

Plane: on

Magfac = 0.000e+000
-5.7092e-004 to 0.0000e+000
0000e+000 to 2.0000e-002
0000e-002 to 4.0000e-002
0000e-002 to 6.0000e-002
0000e-002 to 8.0000e-002
0000e-002 to 1.0000e-001
0000e-001 to 1.2000e-001
2000e-001 to 1.4000e-001
4000e-001 to 1.6000e-001
6000e-001 to 1.8000e-001
8000e-001 to 1.9932e-001

Interval = 2.0e-002
Itasca Consulting Group, Inc.
Minneapolis, MN USA

LSS 00AND

Eil

X IT¥2 J5 (After the third excavation)

11 EWNIATXFEAHAABEE

Fig. 11 Cloud chart of displacement in X direction under rainstorm condition

FT AC3I>» 300

Step 3825 Model Perspective
18:46:09 Tue May 01 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y: 4.341e+001 Y: 0.000

Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin: Plane Normal:

X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z: 0.000e+000 Z: 1.000e+000

Block State
Plane: on
None
shear-n shear-p
shear-n shear-p tension-p
shear-p
shear-p tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

7 AC3I> 300

Step 4697 Model Perspective
18:50:48 Tue May O1 2018

Center: Rotation:
X: 1.449e+002 X: 90.000
Y:4.341e+001 Y: 0.000
Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag 1.95
Increments: Ang.: 22.500
Move: 3.361e+001
Rot.: 10.000
Plane Origin: Plane Normal:
X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z: 1.000e+000 Z: 1.000e+000

Block State
Plane: on
None
shear-n shear-p
shear-n shear-p tension-p
shear-p
shear-p tension-p
tension-n shear-p tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

F¥ #2 Hi(Before the excavation)

8 — X FF 2 J5 (After the first excavation)
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Step 6832 Model Perspective
19:04:21 Tue May 01 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y:4.341e+001 Y: 0.000
Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 195
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin:

X: 0.000e+000
Y: 0.000e+000
Z: 1.000e+000

Plane Normal:

X: 0.000e+000
Y: 0.000e+000
Z: 1.000e+000

Block State
Plane: on
None
shear-n
shear-n shear-p
shear-n shear-p tension-p
shear-p
shear-p tension-p
tension-n shear-p tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

B IR I #2 J5 (After the second excavation)

FTZ ACII> F._ 00

Step 15709 Model Perspective
19:15:13 Tue May 01 2018

Center: Rotation:

X: 1.449e+002 X: 90.000
Y: 4.341e+001 Y: 0.000
Z: 7.500e+001 Z: 0.000
Dist: 8.449e+002 Mag.: 1.95
Increments: Ang.: 22.500

Move: 3.361e+001
Rot.: 10.000

Plane Origin:

X: 0.000e+000
Y: 0.000e+000
Z: 1.000e+000

Plane Normal:

X: 0.000e+000
Y: 0.000e+000
Z: 1.000e+000

Block State

Plane: on

None

shear-n shear-p

shear-n shear-p tension-p
shear-p

shear-p tension-p
tension-n shear-p tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

3 = IR FF¥2 JG (After the third excavation)

12 ERIATEMHRZE

Fig. 12 Cloud chart of plastic zone under rainstorm condition
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Tab. 2 Table of deformation and failure characteristics under different working conditions
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Tab. 3 Comparative analysis table of deformation characteristics
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LIU Caihua, CHEN Congxin. Layered Rock Slope Stability
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