Slope stability analysis

Input data
Water
Water type : GWT
No. GWT location Coordinates of GWT points [m]
X z X z X z
0.00 11.05 7.54 11.46 24.20 13.98
45.31 18.26 63.63 20.84 74.88 22.42
87.91 23.51 96.19 25.04 100.08 26.21
1 106.22 26.49 113.02 26.95 117.51 27.24
126.32 27.79 13243 28.96 138.91 30.15
149.38 30.86 154.03 31.15 156.25 31.29
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Input data (Stage of construction 3)

Assigning and surfaces

Coordinates of surface points [m]

Assigned

No. Surface position .
X z X z soil
1 13259 3045 13893 3150
14627 3309 15312 3537
14807 3521 14018 3503 v .
13895 3501 137.78 3457
13639 3419 13243  33.08 ‘ S
13041 3232 12681  30.80
12247 2900 12070  28.45
2 6373 1555 6861  16.01
7728 1647 8157 1682 2 T (TH)
8550 1721 8871 1742 & ; s
90.88 1743 9387 17.36 |
96.65 17.39 97.60 17.45 / yay
99.90 1781 10126  18.12
10275 1852 10694  19.48
11250 2076 118.08  22.04
129024 2649 13127  27.59
13431 2885 137.83  29.88
13892 3010 14073  30.48
14236  30.83 14504 3157
14895 3295 151.03  33.77
15313 3448 15523  35.05
15625 3528 15625  35.69
15508 3562 154.03  35.35
15312 3537 14627  33.09
13893 3150 13259  30.45
12070 2845 119.93  28.30
11705 27.98 11067  27.34
10733 26.98 103.09  26.69
10095 26.64 10007  26.63
97.67 2619 9384 2564
89.79 2532  87.02 2521
8212 2502 7933  24.83
77.36 2486 7446  24.54
7116 2426  67.76  23.92
6424 2356 6216  23.35
6093 2316 5856 2273
56.43 2235 5268  21.85
3 5268 2185 5047 2163
4745 2177 4600 2140 27700
4311 2099 4051 2044 - : s
3842 2009 3480  19.09
2072 1752 2387  16.04 / yaw
1938 1521 1400  14.20
853 1342  7.81 1342
000 1351 000  9.16
421 948 821 971
1548  10.36 2105  10.87
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No. Surface position Coordinates of surface points [m] A55|g_ned
X z X z soil
2456 1118 2952  11.60
3574  12.08 3872  12.30
4163 1250 4447 1273
4724 13.03 6164 1534
63.73  15.55
4 7.81 822  26.31 9.83
3860 1067 4738 1146 °° 00000
62.10 1365 77.36  15.26 y y -
8769 1663 8946  16.83 4
93.87 1736 9088 1743 -~
8871 1742 8550  17.21
8157 16.82 7728  16.47
6861 16.01 63.73 1555
6164 1534 4724  13.03
4447 1273 4163 1250
3872 1230 3574  12.08
2952 1160 2456  11.18
2105 10.87 1548  10.36
8.21 9.71 4.21 9.48
0.00 9.16 0.00 7.12
5 8.08 543  30.44 8.42
4742 1027 6644 1266 YOO DOOOOOE
77.57 13.79 86.51 15.97 \/ \/ \/ \/
8046 16.83 87.69  16.63 O 00
7736 1526 6210 1365 /o
4738 1146 3860  10.67
26.31 9.83 7.81 8.22
0.00 7.12 0.00 3.95
6 86.51 1597 7757  13.79
6644  12.66 4742 1027 F2U U mnnnmmn
30.44 8.42 8.08 5.43
0.00 3.95 0.00  -0.21
8.79 152  19.57 3.60
29.73 6.12  37.25 8.17
40.56 8.88 4562 9.54
5328 1032 66.36  11.44
7664 1195 8020 1252
8540 1368 91.09  15.01
9544 1588 99.80  16.57
10564 1761 11093  18.70
11714 2043 12226 2242
13190 2671 13633  28.35
139.95 2945 14552  30.84
150.19  31.90 154.74  32.64
15625  32.81 15625  35.28
15523 3505 153.13  34.48
151.03  33.77 148.95  32.95
14504 3157 14236  30.83
140.73 3048 138.92  30.10
137.83  29.88 13431  28.85
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Coordinates of surface points [m] Assigned
X z X z soil
131.27 2759 129.24 26.49
118.08 22.04 112.50 20.76
106.94 19.48 102.75 18.52
101.26 18.12 99.90 17.81
97.60 17.45 96.65 17.39
93.87 17.36 89.46 16.83

7 154.74 3264 150.19 31.90
14552 3084 139.95 2945 430 UL HEOT
136.33 28.35 131.90 26.71 Voo, N Ay
122.26 2242 117.14 2043 <> : <> : <> :
11093 1870 10564 1761 A\ /A A A
99.89 16.57 95.44 15.88

91.09 15.01 85.40 13.68

80.20 12.52 76.64 11.95

66.36 11.44 53.28 10.32

45.62 9.54 40.56 8.88

37.25 8.17 29.73 6.12

19.57 3.60 8.79 1.52

0.00 -0.21 0.00 -5.21
156.25 -5.21 156.25 32.81

No. Surface position

Anti-Slide piles
\nt".S"d‘ Point Length P'I‘."‘ Cross-section Pile bearing capacity
pile spacing
.o Max. .
No. istributic bearing Gradient Passive
new X [m] z [m] | [m] b [m] [m] alon_g capacity K [-] _forc_e
the pile V,, [kN] direction
1 No 3485 19.08 1506 250 d =150 constant 1432.74 tpoegi’lznd'cu'a’
2 No  110.74 27.35 11.00  3.00 d=1.00 constant 704.70 tpoegi’lznd'cu'a’
3 No  132.02 3293 900  3.00 d=1.00 constant 704.70 tpoegi’lznd'cu'a’
Water

Water type : GWT

Coordinates of GWT points [m]

X z X z X z
0.00 11.05 7.54 11.46 24.20 13.98
45.31 18.26 63.63 20.84 74.88 22.42
87.91 23.51 96.19 25.04 100.08 26.21
106.22 26.49 113.02 26.95 117.51 27.24
126.32 27.79 132.43 28.96 138.91 30.15
149.38 30.86 154.03 31.15 156.25 31.29

No. GWT location

Tensile crack
Tensile crack not input.
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Earthquake
Earthquake not included.

Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 3)

Analysis 1 (stage 3)
Polygonal slip surface

Coordinates of slip surface points [m]

X z X z X z X z X z
56.87 22.43 58.38 18.67 60.94 17.15 64.04 16.43 82.95 17.10
89.34 17.46 94.53 17.55 95.74 17.62 97.07 17.76 102.94 18.69

107.56 19.62 112.98 20.91 117.97 22.23 125.68 25.20 131.91 28.07
139.26 31.18 142.59 35.08
Analysis of the slip surface without optimization.

The forces acting on the pile

Anti-Slide Pile No. 1 (34.85; 19.08 [m])
The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Horizontal active force: 340.30 kKN/m
Horizontal passive force: 198.77 kN/m
Depth of slip surface: 6.97 m

The length of pile below terrain:  11.00 m
Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 148.66 kN/m
Horizontal passive force: 20.03 kN/m
Depth of slip surface: 481 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 1.54 > 1.30

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Analysis 2 (stage 3)
Polygonal slip surface

Coordinates of slip surface points [m]
X z X z X z X z X z
20.67 15.45 2542 12.44 32.11 11.81 47.07 13.38 73.56 16.94
83.87 17.13 103.76 18.93 114.82 21.35 122.05 23.73 129.20 27.19
139.23 30.56 143.09 34.04 143.16 35.10
Analysis of the slip surface without optimization.

The forces acting on the pile
Anti-Slide Pile No. 1 (34.85; 19.08 [m])

Horizontal active force: 502.07 kN/m
Horizontal passive force: 323.38 kN/m
Depth of slip surface: 6.98 m

The length of pile below terrain:  15.06 m

Anti-Slide Pile No. 2 (110.74; 27.35 [m])
Horizontal active force: 386.71 kN/m
Horizontal passive force: 316.45 kN/m
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Depth of slip surface: 6.89 m
The length of pile below terrain:  11.00 m

Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 150.60 kN/m
Horizontal passive force: 84.17 kKN/m
Depth of slip surface: 479 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 2.11 > 1.30

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Analysis 3 (stage 3)
Polygonal slip surface

Coordinates of slip surface points [m]
X z X z X z X z X z
119.73 28.28 122.28 26.06 123.88 25.74 130.81 27.50 134.60 28.98
138.14 30.60 141.10 32.53 142.78 35.09
Analysis of the slip surface without optimization.

The forces acting on the pile

Anti-Slide Pile No. 1 (34.85; 19.08 [m])

The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 2 (110.74; 27.35 [m])

The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 167.60 kN/m
Horizontal passive force: 34.18 kKN/m
Depth of slip surface: 4,96 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 1.80 > 1.30

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Piles verification 1 (stage 3)
Anti-Slide pile : Anti-Slide Pile No. 1 (34.85; 19.08 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb

Passive earth pressure calculation : Mazindrani (Rankine)
Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
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Verification methodology : according to Chinese standards

Anchors
Verification methodology : Safety factors (ASD)

Safety factors

Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []

Geometry of structure
Structure length = 15.60 m

Cross-section name : Pile curtaind =1.50 m; a=2.50 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.90
Area of cross-section A 7.07E-01 m2/m
Moment of inertia I 9.94E-02 m4/m
Elastic modulus E 31500.00 MPa
Shear modulus G = 12600.00 MPa

Forces above the slip surface

Depth of slip surface hg1 =7.20 m

Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force
Active horizontal force T = 502.07 kN/m

Passive horizontal force P = 323.38 kN/m

Distribution of active force : rectangle

Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C35

Compressive strength fok = 23.40 MPa
Tensile strength fik = 2.20 MPa
Elasticity modulus E. = 31500.00 MPa
Shear modulus G = 12600.00 MPa

Longitudinal steel: HRB400
Yield strength

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction

= 400.00 MPa

<t
pS
|

Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

No. Name Pattern Pef Cef Y Ysu 5
[°] [kPa] = [kN/m3] [kN/m3]  []
1 1007 @ 560  13.00 17.70 1000  2.00
2 20000 8.00  13.00 18.20 1000 250
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C

No. Name Pattern Pef ef Y Ysu 5

] [kPa] = [KN/m3]  [kN/m3] ]
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 - 11.50 16.00 17.80 10.00 4.00
5 42000000000 - 30.00  18.00 21.50 13.00  10.00
6 43000000000 | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters
1000
Unit weight :

Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

y = 17.70 kN/m3
effective

Pef = 95.60°

Cef = 13.00 kPa

§ = 200°-
cohesionless

Ysat = 20.00 kN/m3
m = 10.00 MN/m4
y = 18.20 kN/m3
effective

pef = 8.00°

Cef = 13.00 kPa

§ = 250°
cohesionless

Ysat = 20.00 kN/m3
m = 4.00 MN/m4
y = 19.00 kN/m3
effective

pef = 24.00°

Cef = 15.00 kPa

§ = 8.00°
cohesionless

Ysat = 21.00 kN/m3
m = 20.00 MN/m4
y = 17.80 kN/m3
effective

et = 11.50°

Cef = 16.00 kPa

§ = 400°-°
cohesionless

Ysat = 20.00 kN/m3
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Parameter :

420000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

430 000000 0d
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000 (00)

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

Pile fixed into the rock
Length of wall in the rock

Uniaxial compressive strength fi

Horizontal coefficient
Reduction parameter

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

y = 25.70 kN/m3
effective

oef = 30.00°

Cef = 100.00 kPa

s = 10.00 °

cohesionless
Ysat =  25.80 kN/m3

K = 700.00 MN/m3

y = 18.20 kN/m3
effective

oef = 5.00°

Cef = 8.00 kPa

§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4
I =5.30 m
= 8000.00 kPa
K = 0.50
v = 0.30

Geological profile and assigned soils

Position information

Terrain elevation = 19.08 m

Geological profile and assigned soils

Thick £l Depth Altitud
ickness ot layer i rude Assigned soil Pattern
t [m] z [m] [m]
1 722 000.722 19.08.11.86 2010 (1 (] @
2 161 7.22.883 11.86..10.25 30111011010
3 1.48 8.83.10.31 10.25.877 41710100 1010010 S
4 1.26 1031 . 1157 877 .7.51 42010100 10100 0 -
9
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Thickness of layer Depth Altitude

£ [m] z [m] [m] Assigned soil Pattern
5 - M57.o  751.- 43000000000 o0
Excavation
Soil in front of wall is excavated to a depth of 0.23 m.
Ditch bottom shape
No. Coordinate Depth
X [m] z [m]
1 0.00 0.00
2 -4.38 1.33
3 -10.23 2.81
4 -14.72 3.64
5 -20.10 4.65
6 -25.57 5.43
7 -26.29 5.43
8 -34.10 5.34
9 -35.10 5.34
Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile
Coordinates Depth
No.
x [m] z[m]
1 0.00 0.00
2 0.10 -0.24
3 2.82 -1.01
4 4.9 -1.36
5 7.51 -1.91
6 10.40 -2.32
7 11.85 -2.69
8 14.87 -2.55
9 17.08 -2.77
10 20.83 -3.27
11 22.96 -3.65
12 25.33 -4.08
13 26.56 -4.27
14 28.64 -4.48
15 32.16 -4.84
16 35.56 -5.18
17 38.86 -5.46
18 41.76 -5.78
19 43.73 -5.75
20 46.52 -5.94
21 51.42 -6.13
22 54.19 -6.24
23 58.24 -6.56
24 62.07 -7.11
25 64.47 -7.55
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Coordinates Depth
No.
X [m] z [m]

26 65.35 -7.56
27 67.49 -7.61
28 71.73 -7.90
29 75.07 -8.26
30 81.45 -8.90
31 84.33 -9.22
32 85.10 -9.37
33 86.87 -9.92
34 91.21 -11.72
35 94.81 -13.24
36 96.83 -14.00
37 100.79 -15.11
38 102.18 -15.49
39 103.35 -15.93
40 104.58 -15.95
41 112.47 -16.13
42 117.52 -16.29
43 118.43 -16.27
44 119.48 -16.54
45 120.65 -16.61
46 121.65 -16.61

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 2.79 m
GWT in front of the structure lies at a depth of 3.09 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40

Analysis of depending pressures : do not reduce

Minimum dimensioning pressure is considered as 6 min = 0.200,
Coefficient of importance of structure yg = 1.00

Settings of the stage of construction

Design situation : permanent

Analysis results
Pressure above the slip surface

Passive Active
Depth
pressure pressure
[m] [kPa] [kPa]
0 0.00 69.73
0.23 0.00 69.73
0.23 46.40 69.73
7.20 46.40 69.73
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Distributions of the modulus of subsoil reaction and internal forces on the structure
Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm] [kPa] [kN/m] [kNm/m]
0.00 0.00 0.00 -24.61 24 .82 0.00 0.00
0.78 0.00 0.00 -22.59 24 .82 -19.36 7.55
1.56 0.00 0.00 -20.58 24 .82 -38.72 30.20
2.34 0.00 0.00 -18.56 24 .82 -58.07 67.95
3.12 0.00 0.00 -16.57 24 .82 -77.43 120.79
3.90 0.00 0.00 -14.59 24 .82 -96.79 188.74
4.68 0.00 0.00 -12.65 24 .82 -116.15 271.79
5.46 0.00 0.00 -10.77 24 .82 -135.51 369.93
6.24 0.00 0.00 -8.96 24 .82 -154.86 483.18
7.02 0.00 0.00 -7.24 24.82 -174.22 611.52
7.80 0.00 0.00 -5.64 -13.68 -187.87 756.97
8.58 0.00 0.00 -4.19 -22.96 -173.58 898.41
9.36 0.00 0.00 -2.91 96.39 -226.53 1048.40
10.14 0.00 0.00 -1.84 91.06 -299.64 1253.87
10.92 444 .00 0.00 -1.01 -439.72 23.51 1376.04
11.70 844.00 0.00 -0.44 -367.20 305.70 1242.96
12.48 844.00 0.00 -0.11 -93.11 473.53 925.22
13.26 844.00 700.00 0.04 113.82 462.80 547.40
14.04 844.00 700.00 0.08 179.66 319.85 236.75
14.82 844.00 700.00 0.07 170.86 148.87 54.12
15.60 844.00 700.00 0.05 142.19 0.00 0.00
Maximum shear force 491.51 kN/m

Maximum moment

Maximum displacement 24.6 mm
Displacement in the depth of slip surface 6.9 mm
Soil verification in depth 0.00 m

Active pressure behind the structure = 0.00 kPa
Passive pressure in front of the structure = 0.00 kPa
Max. stress o = 0.00 kPa
Soil design bearing capacity Rgq = 0.00 kPa
Bearing capacity of rock is SATISFACTORY

Rock verification in depth 0.00 m

Max. stress c = 0.00 kPa
Design bearing capacity of rock Ry = 1200.00 kPa

Bearing capacity of rock is SATISFACTORY
Dimensioning No. 1
Distribution of forces on construction

1376.04 kKNm/m

Disp. min Disp. max | Shear force min. | Shear force max | Moment min. = Moment max.
[mm] [mm)] [kN/m] [kN/m] [kNm/m] [kNm/m]
0.00 -24.61 -24.61 0.00 0.00 0.00 0.00
0.78 -22.59 -22.59 -19.36 -19.36 7.55 7.55
1.56 -20.58 -20.58 -38.72 -38.72 30.20 30.20
2.34 -18.56 -18.56 -58.07 -58.07 67.95 67.95
3.12 -16.57 -16.57 -77.43 -77.43 120.79 120.79
3.90 -14.59 -14.59 -96.79 -96.79 188.74 188.74
4.68 -12.65 -12.65 -116.15 -116.15 271.79 271.79
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Disp. min Disp. max Shear force min. | Shear force max = Moment min. = Moment max.
[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]
5.46 -10.77 -10.77 -135.51 -135.51 369.93 369.93
6.24 -8.96 -8.96 -154.86 -154.86 483.18 483.18
7.02 -7.24 -7.24 -174.22 -174.22 611.52 611.52
7.80 -5.64 -5.64 -187.87 -187.87 756.97 756.97
8.58 -4.19 -4.19 -173.58 -173.58 898.41 898.41
9.36 -2.91 -2.91 -226.53 -226.53 1048.40 1048.40
10.14 -1.84 -1.84 -299.64 -299.64 1253.87 1253.87
10.92 -1.01 -1.01 23.51 23.51 1376.04 1376.04
11.70 -0.44 -0.44 305.70 305.70 1242.96 1242.96
12.48 -0.11 -0.11 473.53 473.53 925.22 925.22
13.26 0.04 0.04 462.80 462.80 547.40 547.40
14.04 0.08 0.08 319.85 319.85 236.75 236.75
14.82 0.07 0.07 148.87 148.87 54.12 54.12
15.60 0.05 0.05 0.00 0.00 0.00 0.00
Maximum values of internal forces
Maximum displacement = -24.6 mm
Minimum displacement = 0.1 mm
Maximum bending moment = 1376.04 kNm/m
Minimum bending moment = 0.00 kNm/m
Maximum shear force = 491.51 kN/m
Verification of RC cross section (Pile curtain d = 1.50 m; a = 2.50 m)
All construction stages are taken into the analysis.
Partial factor on load = 1.25
Verification of cross section in bending:
Reinforcement - 26 pc bars 32.0 mm; cover 40.0 mm
Type of structure (reinforcement ratio) : beam
Reinforcement ratio p = 0.592 % > 0.200 % = pmin
Load : M =4300.12 kNm
Bearing capacity : M, = 4479.77 kNm
Designed pile reinforcement is SATISFACTORY
Verification of cross section in shear:
Shear reinf. - 2 profile 16.0 mm; distance 200.0 mm
Agy =2010.6 mm2
Ultimate shear force: V; = 2610.99 kN > 1535.96 kN =V
Cross-section is SATISFACTORY.
only minimal shear reinforcement
Overall verification: Cross-section is SATISFACTORY
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Name : Piles verification Stage - analysis : 3 -1

Piles verification 2 (stage 3)
Anti-Slide pile : Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
Verification methodology : according to Chinese standards
Anchors
Verification methodology : Safety factors (ASD)
Safety factors
Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []
Geometry of structure
Structure length = 11.00 m
Cross-section name : Pile curtain d =1.00 m; a=3.00 m
Material of pile : concrete
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Computed coefficient of pressure reduction below the ditch = 0.60

2.62E-01 m2/m
1.64E-02 m4/m
30000.00 MPa
12000.00 MPa

Area of cross-section A
Moment of inertia |

Elastic modulus E
Shear modulus G

Forces above the slip surface

Depth of slip surface hg1 = 6.89 m

Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 386.71 kN/m
Passive horizontal force P = 316.45 kN/m

Distribution of active force : rectangle
Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

C
No. Name Pattern Pef ef Y Ysu 8
[°] [kPa] = [kN/m3]  [kN/m3] [°]
1 1000 | 580  13.00 17.70 10.00  2.00
2 20000 800  13.00 18.20 10.00  2.50
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 D 11.50 16.00 17.80 10.00 4.00
5 42000000000 0 3000 1800 21.50 13.00  10.00
6 43000000000 ) | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00
All soils are considered as cohesionless for at rest pressure analysis.
Soil parameters
10 0 [0
Unit weight : y = 17.70 kN/m3
I 15]

[GEOS5 - Slope Stability | version 5.2021.18.0 | hardware key 9762 / 1 | Nanjing Kulun software Co., Ltd. | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[ | +86-025-52375135| hotline@kulunsoft.com| http://www.geo5.cn]



Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :

effective

Pef = 560°
Cef = 13.00 kPa
§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 10.00 MN/m#4

y = 18.20 kN/m3
effective

oef = 8.00°

Cef = 13.00 kPa

§ = 250°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4
y = 19.00 kN/m3
effective

goef = 24.00°

Cef = 15.00 kPa

§ = 8.00°

cohesionless
Ysat = 21.00 kN/m3

m = 20.00 MN/m4

y = 17.80 kN/m3
effective

gef = 11.50°

Cef = 16.00 kPa

§ = 400°-°

cohesionless
Ysat = 20.00 kN/m3

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat = 23.00 kN/m3

K = 300.00 MN/m3

y = 25.70 kN/m3
effective

oef = 30.00°

Cef = 100.00 kPa

§ = 10.00 °

cohesionless
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Saturated unit weight : Ysat =  25.80 kKN/m3
Parameter : K 700.00 MN/m3

20000 (0 0)

Unit weight : y = 18.20 kN/m3
Stress-state : effective

Angle of internal friction : oef = 9.00°
Cohesion of soil : Cef = 8.00 kPa
Angle of friction struc.-soll : § = 200°

Soil : cohesionless
Saturated unit weight : Ysat = 20.00 kN/m3
Parameter : m = 4.00 MN/m4
Pile fixed into the rock

Length of wall in the rock I =411 m
Uniaxial compressive strength fc = 8000.00 kPa
Horizontal coefficient K = 0.50

Reduction parameter v =0.30

Geological profile and assigned soils

Position information
Terrain elevation = 27.35 m
Geological profile and assigned soils

No. Thickness of layer, Depth Altitude e reieal Pattern
t [m] z [m] [m]
1 6.93 0.00..6.93 27.35..20.42 27111 11 (11 71) 7 )
2 1.68 6.93 ..8.61 20.42 .. 18.74 4-20 000 0 00 0 0 0]
3 - 861.» 1874.- 43000000000 S
Excavation
Soil in front of wall is excavated to a depth of 0.06 m.
Ditch bottom shape
Coordinate Depth
No.
X [m] z [m]
1 0.00 0.00
2 -2.91 0.31
3 -7.15 0.60
4 -9.29 0.65
5 -10.17 0.66
6 -12.57 1.10
7 -16.40 1.65
8 -20.45 1.97
9 -23.22 2.08
10 -28.12 2.27
11 -30.91 2.46
12 -32.88 243
13 -35.78 2.75
14 -39.08 3.03
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Coordinate Depth
No.
X [m] z [m]

15 -42.48 3.37
16 -46.00 3.73
17 -48.08 3.94
18 -49.31 413
19 -51.68 4.56
20 -53.81 4,94
21 -57.56 5.44
22 -59.77 5.66
23 -62.79 5.52
24 -64.24 5.89
25 -67.13 6.30
26 -69.73 6.85
27 -71.82 7.20
28 -75.35 8.20
29 -80.52 9.77
30 -86.37 11.25
31 -90.86 12.08
32 -96.24 13.09
33 -101.71 13.87
34 -102.43 13.87
35 -110.24 13.78
36 -111.24 13.78

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.
X [m] z [m]
1 0.00 0.00
2 0.10 -0.06
3 5.81 -0.63
4 8.69 -0.95
5 9.46 -1.10
6 11.23 -1.65
7 15.57 -3.45
8 19.17 -4.97
9 21.19 -5.73
10 2515 -6.84
11 26.54 -7.22
12 27.71 -7.66
13 28.94 -7.68
14 36.83 -7.86
15 41.88 -8.02
16 42.79 -8.00
17 43.84 -8.27
18 45.01 -8.34
19 46.01 -8.34
Origin [0,0] is located in upper right edge of construction.
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Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 0.52 m
GWT in front of the structure lies at a depth of 0.59 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40
Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,

Coefficient of importance of structure yg = 1.00
Settings of the stage of construction

Design situation : permanent

Analysis results

Dimensioning No. 1

Name : Piles verification |Stage - analysis : 3 -2

Piles verification 3 (stage 3)
Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb

Passive earth pressure calculation : Mazindrani (Rankine)
Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
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Pressures below the slip surface :  GB 50330-2013
Verification methodology : according to Chinese standards

Anchors
Verification methodology : Safety factors (ASD)

Safety factors

Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []

Geometry of structure
Structure length = 9.00 m

Cross-section name : Pile curtaind =1.00 m; a=3.00 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.60
Area of cross-section A = 2.62E-01 m2/m
Moment of inertia 1.64E-02 m4/m
Elastic modulus 30000.00 MPa
Shear modulus 12000.00 MPa

oOm=—

Forces above the slip surface

Depth of slip surface hg1 =4.79 m
Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 150.60 kN/m
Passive horizontal force P 84.17 kN/m

Distribution of active force : rectangle
Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

No. Name Pattern Pef Cef Y Ysu 5
[°] [kPa] | [kN/m3] [kN/m3]  []

1 1007 @ 560  13.00 17.70 1000  2.00

2 20000 8.00  13.00 18.20 1000 250
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C

No. Name Pattern Pef ef Y Ysu 5

] [kPa] = [KN/m3]  [kN/m3] ]
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 - 11.50 16.00 17.80 10.00 4.00
5 42000000000 - 30.00  18.00 21.50 13.00  10.00
6 43000000000 | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters
1000
Unit weight :

Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

y = 17.70 kN/m3
effective

Pef = 95.60°

Cef = 13.00 kPa

§ = 200°-
cohesionless

Ysat = 20.00 kN/m3
m = 10.00 MN/m4
y = 18.20 kN/m3
effective

pef = 8.00°

Cef = 13.00 kPa

§ = 250°
cohesionless

Ysat = 20.00 kN/m3
m = 4.00 MN/m4
y = 19.00 kN/m3
effective

pef = 24.00°

Cef = 15.00 kPa

§ = 8.00°
cohesionless

Ysat = 21.00 kN/m3
m = 20.00 MN/m4
y = 17.80 kN/m3
effective

et = 11.50°

Cef = 16.00 kPa

§ = 400°-°
cohesionless

Ysat = 20.00 kN/m3
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Parameter :

420000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

430 000000 0d
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000 (00)

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

Pile fixed into the rock
Length of wall in the rock

Uniaxial compressive strength fi

Horizontal coefficient
Reduction parameter

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

y = 25.70 kN/m3
effective

oef = 30.00°

Cef = 100.00 kPa

s = 10.00 °

cohesionless
Ysat =  25.80 kN/m3

K = 700.00 MN/m3

y = 18.20 kN/m3
effective

oef = 5.00°

Cef = 8.00 kPa

§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4
I =4.00 m
= 8000.00 kPa
K = 0.50
v = 0.30

Geological profile and assigned soils

Position information

Terrain elevation = 32.93 m

Geological profile and assigned soils

Thickness of layer

Depth Altitude

Assigned soil Pattern
t [m] z[m] [m] ?
1 2.67 0.00..2.67 32.93 ..30.26 10 (1 (] @
2 2.33 2,67 ..5.00 30.26 ..27.93 20111010 (1 11) 7
3 117 5.00 .. 6.17 27.93 .. 26.76 4-200 (1 (1 (1 (1 (101 0 (1 -
/\ /\
4 - 647 .w  2676.- 43000000000 o0
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Excavation

Soil in front of wall is excavated to a depth of 0.19 m.
Ditch bottom shape

Coordinate Depth
No.
X [m] z [m]

1 0.00 0.00
2 -1.11 0.42
3 -4.71 1.94
4 -9.05 3.74
5 -10.82 4.29
6 -11.59 4.44
7 -14.47 4.76
8 -20.85 5.40
9 -24.19 5.76
10 -28.43 6.05
11 -30.57 6.10
12 -31.45 6.11
13 -33.85 6.55
14 -37.68 7.10
15 -41.73 7.42
16 -44.50 7.53
17 -49.40 7.72
18 -52.19 7.91
19 -54.16 7.88
20 -57.06 8.20
21 -60.36 8.48
22 -63.76 8.82
23 -67.28 9.18
24 -69.36 9.39
25 -70.59 9.58
26 -72.96 10.01
27 -75.09 10.39
28 -78.84 10.89
29 -81.05 11.11
30 -84.07 10.97
31 -85.52 11.34
32 -88.41 11.75
33 -91.01 12.30
34 -93.10 12.65
35 -96.63 13.65
36 -101.80 15.22
37 -107.65 16.70
38 -112.14 17.53
39 -117.52 18.54
40 -122.99 19.32
41 -123.71 19.32
42 -131.52 19.23
43 -132.52 19.23

Origin [0,0] is located at the ditch bottom.
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Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.

X [m] z [m]
1 0.00 0.00
2 0.10 -0.20
3 3.87 -1.26
4 5.26 -1.64
5 6.43 -2.08
6 7.66 -2.10
7 15.55 -2.28
8 20.60 -2.44
9 21.51 -2.42
10 22.56 -2.69
11 23.73 -2.76
12 24.73 -2.76

Origin [0,0] is located in upper right edge of construction.

Positive coordinate +z has downward direction.

Water influence

GWT behind the structure lies at a depth of 3.95 m

GWT in front of the structure lies at a depth of 4.14 m
Subgrade at the heel is not permeable.
Global settings

Number of FEs to discretize wall = 40
Analysis of depending pressures : do not reduce

Minimum dimensioning pressure is considered as 6 min = 0.200,
Coefficient of importance of structure yg = 1.00

Settings of the stage of construction

Design situation : permanent

Analysis results
Pressure above the slip surface

Passive Active
Depth
pressure pressure
[m] [kPa] [kPa]
0 0.00 31.44
0.19 0.00 31.44
0.19 18.30 31.44
4.79 18.30 31.44
Distributions of the modulus of subsoil reaction and internal forces on the structure
Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm] [kPa] [kN/m] [kNm/m]
0.00 0.00 0.00 -6.85 13.87 0.00 0.00
0.45 0.00 0.00 -6.24 13.87 -6.24 1.40
0.90 0.00 0.00 -5.63 13.87 -12.48 5.62
1.35 0.00 0.00 -5.03 13.87 -18.72 12.64
1.80 0.00 0.00 -4.43 13.87 -24.96 22.47
2.25 0.00 0.00 -3.83 13.87 -31.20 35.10
2.70 0.00 0.00 -3.26 13.87 -37.44 50.55
3.15 0.00 0.00 -2.70 13.87 -43.69 68.80
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Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm] [kPa] [kN/m] [kNm/m]

3.60 0.00 0.00 -2.18 13.87 -49.93 89.87
4.05 0.00 0.00 -1.69 13.87 -56.17 113.74
4.50 0.00 0.00 -1.24 13.87 -62.41 140.42
4.95 0.00 0.00 -0.86 37.67 -72.39 170.20
5.40 300.00 0.00 -0.54 -152.45 -12.46 191.26
5.85 300.00 0.00 -0.31 -80.67 39.11 184.05
6.30 700.00 0.00 -0.14 -89.12 71.58 159.15
6.75 700.00 0.00 -0.05 -20.79 94.78 120.57
7.20 700.00 700.00 -0.00 37.14 91.28 77.45
7.65 700.00 700.00 0.01 59.84 68.19 41.19
8.10 700.00 700.00 0.01 58.07 41.05 16.64
8.55 700.00 700.00 0.00 45.61 17.43 3.68
9.00 700.00 700.00 -0.01 31.31 0.00 -0.00

Maximum shear force = 96.86 kN/m

Maximum moment = 191.26 kNm/m

Maximum displacement = 6.8 mm

Displacement in the depth of slip surface = 1.0 mm

Soil verification in depth 0.00 m

Active pressure behind the structure = 0.00 kPa

Passive pressure in front of the structure = 0.00 kPa

Max. stress o = 0.00 kPa

Soil design bearing capacity Rgq = 0.00 kPa

Bearing capacity of rock is SATISFACTORY

Rock verification in depth 0.00 m

Max. stress c = 0.00 kPa

Design bearing capacity of rock Ry = 1200.00 kPa

Bearing capacity of rock is SATISFACTORY
Dimensioning No. 1
Distribution of forces on construction

Disp. min Disp. max | Shear force min. | Shear force max @ Moment min. Moment max.
[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]
0.00 -6.85 -6.85 0.00 0.00 0.00 0.00
0.45 -6.24 -6.24 -6.24 -6.24 1.40 1.40
0.90 -5.63 -5.63 -12.48 -12.48 5.62 5.62
1.35 -5.03 -5.03 -18.72 -18.72 12.64 12.64
1.80 -4.43 -4.43 -24.96 -24.96 22.47 22.47
2.25 -3.83 -3.83 -31.20 -31.20 35.10 35.10
2.70 -3.26 -3.26 -37.44 -37.44 50.55 50.55
3.15 -2.70 -2.70 -43.69 -43.69 68.80 68.80
3.60 -2.18 -2.18 -49.93 -49.93 89.87 89.87
4.05 -1.69 -1.69 -56.17 -56.17 113.74 113.74
4.50 -1.24 -1.24 -62.41 -62.41 140.42 140.42
4.95 -0.86 -0.86 -72.39 -72.39 170.20 170.20
5.40 -0.54 -0.54 -12.46 -12.46 191.26 191.26
5.85 -0.31 -0.31 39.11 39.11 184.05 184.05
6.30 -0.14 -0.14 71.58 71.58 159.15 159.15
6.75 -0.05 -0.05 94.78 94.78 120.57 120.57
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Disp. min | Disp. max @ Shear force min. | Shear force max = Moment min. | Moment max.

[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]

7.20 -0.00 -0.00 91.28 91.28 77.45 77.45
7.65 0.01 0.01 68.19 68.19 41.19 41.19
8.10 0.01 0.01 41.05 41.05 16.64 16.64
8.55 0.00 0.00 17.43 17.43 3.68 3.68
9.00 -0.01 -0.01 0.00 0.00 -0.00 -0.00

Maximum values of internal forces

Maximum displacement = -6.8 mm

Minimum displacement = 0.0 mm

Maximum bending moment = 191.26 kNm/m

Minimum bending moment =  0.00 kNm/m

Maximum shear force = 96.86 kN/m
Verification of RC cross section (Pile curtain d = 1.00 m; a = 3.00 m)

All construction stages are taken into the analysis.
Partial factor on load = 1.25

Verification of cross section in bending:
Reinforcement - 10 pc bars 25.0 mm; cover 40.0 mm
Type of structure (reinforcement ratio) : beam
Reinforcement ratio p = 0.312 % > 0.200 % = pmin
Load : M =717.21 kNm

Bearing capacity : My = 721.63 kNm

Designed pile reinforcement is SATISFACTORY
Verification of cross section in shear:

Ultimate shear force: V, = 707.52 kN > 363.21 kN =V
Cross-section is SATISFACTORY.

Overall verification: Cross-section is SATISFACTORY
Name : Piles verification Stage - analysis : 3 -3

Piles verification 4 (stage 3)

Anti-Slide pile : Anti-Slide Pile No. 2 (110.74; 27.35 [m])
Analysis : Calculation 1 (slip surface polygonal)
Method : ITFM
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Analysis of anti-slide pile
Input data

Settings
(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015

Modulus of subsoil reaction : Chinese standards

Pressures below the slip surface :  GB 50330-2013

Verification methodology : according to Chinese standards
Anchors

Verification methodology : Safety factors (ASD)

Safety factors

Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []

Geometry of structure
Structure length = 11.00 m

Cross-section name : Pile curtaind =1.20 m; a=3.00 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.66
Area of cross-section A 3.77E-01 m2/m
Moment of inertia I 3.39E-02 m4/m
Elastic modulus E 30000.00 MPa
Shear modulus G = 12000.00 MPa

Forces above the slip surface

Depth of slip surface hg1 = 6.97 m

Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T = 340.30 kN/m
Passive horizontal force P 198.77 kN/m

Distribution of active force : rectangle
Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa
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Transverse steel: HRB400

Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

c
No. Name Pattern i of L Ysu o
[°] [kPa] [KN/m3] = [kN/m3] ]

1 1000 . 560  13.00 17.70 10.00  2.00
2 20000 8.00  13.00 18.20 10.00 2,50
3 3oooooog 4 24.00 15.00 19.00 11.00 8.00
4 41000000000 / / 11.50 16.00 17.80 10.00 4.00
5 42000000000 0 000 1800 2150 13.00  10.00
6 43000000000 ‘| 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

10 0 0

Unit weight : = 17.70 KN/m3

Stress-state : effective

Angle of internal friction : Pef = 9.60°

Cohesion of soil : Cef = 13.00 kPa

Angle of friction struc.-soll : § = 200°

Soil : cohesionless

Saturated unit weight : Ysat = 20.00 kN/m3

Parameter : m = 10.00 MN/m4

20000

Unit weight : y = 18.20 kN/m3

Stress-state : effective

Angle of internal friction : pef = 8.00°

Cohesion of soil : Cef = 13.00 kPa

Angle of friction struc.-soil : 8§ = 250°

Soil : cohesionless

Saturated unit weight : Ysat = 20.00 kN/m3

Parameter : m = 4.00 MN/m4

300000

Unit weight : = 19.00 kN/m3

Stress-state : effective

Angle of internal friction : oef = 24.00°

Cohesion of soil : Cef = 15.00 kPa

Angle of friction struc.-soll : § = 8.00°
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Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000 (00)

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

Pile fixed into the rock
Length of wall in the rock

Uniaxial compressive strength fi
K
A%

Horizontal coefficient
Reduction parameter

cohesionless
Ysat = 21.00 kN/m3

m = 20.00 MN/m#4

y = 17.80 kN/m3
effective

gef = 11.50°

Cef = 16.00 kPa

§ = 400°-°

cohesionless
Ysat = 20.00 kN/m3

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

y = 25.70 kN/m3
effective

goef = 30.00°

Cef = 100.00 kPa

s = 10.00 °

cohesionless
Ysat =  25.80 kN/m3

K = 700.00 MN/m3

y = 18.20 kN/m3
effective

oef = 5.00°

Cef = 8.00 kPa

§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4

= 4.03 m
= 8000.00 kPa
= 0.50

= 0.30

Geological profile and assigned soils

Position information

Terrain elevation = 27.35 m

Geological profile and assigned soils
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Thickness of layer| Depth Altitude redner cell Pattern
t [m] z [m] [m]
1 6.93 0.00 .. 6.93 27.35..20.42 20111010 (1 (1) 7
2 1.68 6.93..8.61 20.42 .. 18.74 420 0 0 00000 0 0]
3 - 861.%  1874.- 43000000000 o0
Excavation
Soil in front of wall is excavated to a depth of 0.06 m.
Ditch bottom shape
Coordinate Depth
No.
X [m] z [m]
1 0.00 0.00
2 -2.91 0.31
3 -715 0.60
4 -9.29 0.65
5 -10.17 0.66
6 -12.57 1.10
7 -16.40 1.65
8 -20.45 1.97
9 -23.22 2.08
10 -28.12 2.27
11 -30.91 2.46
12 -32.88 2.43
13 -35.78 2.75
14 -39.08 3.03
15 -42.48 3.37
16 -46.00 3.73
17 -48.08 3.94
18 -49.31 413
19 -51.68 4.56
20 -53.81 4.94
21 -57.56 5.44
22 -59.77 5.66
23 -62.79 5.52
24 -64.24 5.89
25 -67.13 6.30
26 -69.73 6.85
27 -71.82 7.20
28 -75.35 8.20
29 -80.52 9.77
30 -86.37 11.25
31 -90.86 12.08
32 -96.24 13.09
33 -101.71 13.87
34 -102.43 13.87
35 -110.24 13.78
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Coordinate Depth
No.
x [m] z[m]
36 -111.24 13.78

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.
X [m] z [m]

1 0.00 0.00
2 0.10 -0.06
3 5.81 -0.63
4 8.69 -0.95
5 9.46 -1.10
6 11.23 -1.65
7 15.57 -3.45
8 19.17 -4.97
9 21.19 -5.73
10 25.15 -6.84
11 26.54 -7.22
12 27.71 -7.66
13 28.94 -7.68
14 36.83 -7.86
15 41.88 -8.02
16 42.79 -8.00
17 43.84 -8.27
18 45.01 -8.34
19 46.01 -8.34

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.

Water influence

GWT behind the structure lies at a depth of 0.52 m
GWT in front of the structure lies at a depth of 0.59 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40

Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,
Coefficient of importance of structure yg = 1.00

Settings of the stage of construction

Design situation : permanent
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Analysis results
Dimensioning No. 1

Name : Piles verification |Stage - analysis : 3 -4

Piles verification 5 (stage 3)
Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Analysis : Calculation 1 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
Verification methodology : according to Chinese standards
Anchors
Verification methodology : Safety factors (ASD)
Safety factors
Safety factor for steel strength : SF; = 2.20 [-]
Safety factor for pull out resistance (soil) : SFg = 2.60 [-]
Safety factor for pull out resistance (grouting) : SF. = 2.60 [-]

Geometry of structure
Structure length = 9.00 m
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Cross-section name : Pile curtaind =1.00 m; a=3.00 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.60
Area of cross-section A 2.62E-01 m2/m
Moment of inertia I 1.64E-02 m4/m
Elastic modulus E 30000.00 MPa
Shear modulus G = 12000.00 MPa

Forces above the slip surface

Depth of slip surface hg1 =5.00 m
Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 148.66 kN/m
Passive horizontal force P 20.03 kN/m

Distribution of active force : rectangle
Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

No. Name Pattern Pef Cef Y Ysu 8
1 [kPa] = [kN/m3]  [kN/m3] [°1

1 1000 | 580  13.00 17.70 10.00  2.00

2 20000 800  13.00 18.20 10.00 2,50

3 30000000 24.00  15.00 19.00 11.00  8.00

4 41000000000 - 11.50 16.00 17.80 10.00 4.00

5 42000000000 0 3000 1800 21.50 13.00  10.00

6 43000000000 ) | 3000 100.00 25.70 15.80  10.00

7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.
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Soil parameters
1000

Unit weight :
Stress-state :

Angle of internal friction :
Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

y = 17.70 kN/m3
effective

Pef = 560°

Cef = 13.00 kPa

§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 10.00 MN/m#4

= 18.20 kN/m3
effective
oef = 8.00°
Cef = 13.00 kPa
§ = 250°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4
y = 19.00 kN/m3
effective

oef = 24.00°

Cef = 15.00 kPa

§ = 8.00°

cohesionless
Ysat = 21.00 kN/m3

m = 20.00 MN/m#4

= 17.80 kN/m3
effective
et = 11.50°
Cef = 16.00 kPa
§ = 400°-°

cohesionless
Ysat = 20.00 kN/m3

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

=  25.70 kN/m3
effective
Pef = 30.00 °
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Cohesion of soil : Cef = 100.00 kPa

Angle of friction struc.-soll : § = 10.00°

Soil : cohesionless
Saturated unit weight : Ysat =  25.80 kN/m3
Parameter : K = 700.00 MN/m3
20000 (D 0)

Unit weight : y = 18.20 kN/m3
Stress-state : effective

Angle of internal friction : oef = 95.00°
Cohesion of soil : Cef = 8.00 kPa
Angle of friction struc.-soil : 8§ = 200°

Soil : cohesionless
Saturated unit weight : Ysat = 20.00 kN/m3
Parameter : m = 4.00 MN/m4

Pile fixed into the rock

Length of wall in the rock I = 4.00 m
Uniaxial compressive strength fx = 8000.00 kPa
Horizontal coefficient K = 0.50
Reduction parameter v =0.30

Geological profile and assigned soils

Position information
Terrain elevation = 32.93 m
Geological profile and assigned soils

Thick fl Depth _ Alti
ickness ot layer ept titude Assigned soil Pattern
t [m] z [m] [m]
1 2.67 0.00..2.67 32.93..30.26 17 [ (] vk
2 2.33 2,67 ..5.00 30.26 ..27.93 20111010 (1 11) 7
3 1.17 5.00 .. 6.17 27.93 .. 26.76 4-271 1 (10111 71 0 (1 1] S
/\ /\
4 - 6A7.  2676.- 43000000000 o0
Excavation
Soil in front of wall is excavated to a depth of 0.19 m.
Ditch bottom shape
Coordinate Depth
No.
X [m] z [m]
1 0.00 0.00
2 1.1 0.42
3 4.71 1.94
4 -9.05 3.74
5 -10.82 4.29
6 -11.59 4.44
7 -14.47 4.76
8 -20.85 5.40
9 -24.19 576
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Coordinate Depth
No.
X [m] z [m]

10 -28.43 6.05
11 -30.57 6.10
12 -31.45 6.11
13 -33.85 6.55
14 -37.68 710
15 -41.73 7.42
16 -44.50 7.53
17 -49.40 7.72
18 -52.19 7.91
19 -54.16 7.88
20 -57.06 8.20
21 -60.36 8.48
22 -63.76 8.82
23 -67.28 9.18
24 -69.36 9.39
25 -70.59 9.58
26 -72.96 10.01
27 -75.09 10.39
28 -78.84 10.89
29 -81.05 11.11
30 -84.07 10.97
31 -85.52 11.34
32 -88.41 11.75
33 -91.01 12.30
34 -93.10 12.65
35 -96.63 13.65
36 -101.80 15.22
37 -107.65 16.70
38 -112.14 17.53
39 -117.52 18.54
40 -122.99 19.32
41 -123.71 19.32
42 -131.52 19.23
43 -132.52 19.23

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.

X [m] z [m]
1 0.00 0.00
2 0.10 -0.20
3 3.87 -1.26
4 5.26 -1.64
5 6.43 -2.08
6 7.66 -2.10
7 15.55 -2.28
8 20.60 -2.44
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Coordinates Depth
No.
x [m] z [m]
9 21.51 -2.42
10 22.56 -2.69
11 23.73 -2.76
12 24.73 -2.76

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 3.95 m
GWT in front of the structure lies at a depth of 4.14 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40
Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,

Coefficient of importance of structure yg = 1.00
Settings of the stage of construction

Design situation : permanent

Analysis results

Dimensioning No. 1

Name : Piles verification |Stage - analysis : 3-5

Piles verification 6 (stage 3)
Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Analysis : Calculation 3 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)
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Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015

Modulus of subsoil reaction : Chinese standards

Pressures below the slip surface :  GB 50330-2013

Verification methodology : according to Chinese standards
Anchors

Verification methodology : Safety factors (ASD)

Safety factors
Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF.= 2.60 []

Geometry of structure
Structure length = 9.00 m

Cross-section name : Pile curtaind =1.00 m; a=3.00 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.60
Area of cross-section A 2.62E-01 m2/m
Moment of inertia I 1.64E-02 m4/m
Elastic modulus E 30000.00 MPa
Shear modulus G = 12000.00 MPa

Forces above the slip surface

Depth of slip surface hg1 =4.96 m
Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 167.60 kN/m
Passive horizontal force P 34.18 kN/m

Distribution of active force : trapezoid
Distribution of passive force : trapezoid
Ratio of end values = 1.00

Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa
Transverse steel: HRB400

Yield strength fyk = 400.00 MPa
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Modulus of reaction
Modulus of reaction

Modulus of subsoil reaction input as soil parameter.

Basic soil parameters

c
No. Name Pattern Pef ef Y Ysu 5
[°] [kPa] [kN/m3] [kN/m3] ]

1 1000 | 580  13.00 17.70 10.00  2.00
2 20000 800  13.00 18.20 10.00  2.50
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 - 1150  16.00 17.80 10.00  4.00
5 42000000000 0 3000 1800 21.50 13.00  10.00
6 43000000000 ) | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

1000

Unit weight : y = 17.70 kN/m3

Stress-state : effective

Angle of internal friction : Pef = 95.60°

Cohesion of soil : Cei = 13.00 kPa

Angle of friction struc.-soil : 8§ = 200°

Soil : cohesionless

Saturated unit weight : Ysat = 20.00 kN/m3

Parameter : m = 10.00 MN/m4

20000

Unit weight : y = 18.20 kN/m3

Stress-state : effective

Angle of internal friction : oef = 8.00°

Cohesion of soil : Cef = 13.00 kPa

Angle of friction struc.-soll : § = 250°

Soil : cohesionless

Saturated unit weight : Ysat = 20.00 kN/m3

Parameter : m = 4.00 MN/m4

3000000 g

Unit weight : y = 19.00 kN/m3

Stress-state : effective

Angle of internal friction : pef = 24.00°

Cohesion of soil : Cei = 15.00 kPa

Angle of friction struc.-soil : 8§ = 8.00°

Soil : cohesionless

Saturated unit weight : Ysat = 21.00 kN/m3
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Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

430 00000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000 (00)

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

Pile fixed into the rock
Length of wall in the rock

Uniaxial compressive strength fy
K

v

Horizontal coefficient
Reduction parameter

m = 20.00 MN/m#4

y = 17.80 kN/m3
effective

et = 11.50°

Cef = 16.00 kPa

§ = 400°

cohesionless
Ysat = 20.00 kN/m3

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

oef = 30.00°

Cef = 18.00 kPa

s = 10.00 °

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

y = 2570 kN/m3
effective

et = 30.00°

Cef = 100.00 kPa

§ = 10.00°

cohesionless
Ysat =  25.80 kN/m3

K = 700.00 MN/m3

y = 18.20 kN/m3
effective

oef = 9.00°

Cef = 8.00 kPa

§ = 200-°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4

= 4.04 m
= 8000.00 kPa
= 0.50

= 0.30

Geological profile and assigned soils

Position information

Terrain elevation = 32.93 m

Geological profile and assigned soils
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Thickness of layer| Depth Altitude redner cell Pattern
t [m] z [m] [m]
1 2.67 0.00 .. 2.67 32.93..30.26 101 1 ] vk
2 2.33 2.67..5.00 30.26 ..27.93 20 71 (111 (11 11) 7 )
3 117 5.00..6.17 27.93 .. 26.76 4-201 (1 (101 (1 (171 (1 1) S
4 - 647.  2676.- 43000000000 o0
Excavation
Soil in front of wall is excavated to a depth of 0.19 m.
Ditch bottom shape
No. Coordinate Depth
X [m] z [m]
1 0.00 0.00
2 -1.11 0.42
3 -4.71 1.94
4 -9.05 3.74
5 -10.82 4.29
6 -11.59 4.44
7 14.47 4.76
8 -20.85 5.40
9 -24.19 5.76
10 -28.43 6.05
11 -30.57 6.10
12 -31.45 6.11
13 -33.85 6.55
14 -37.68 7.10
15 -41.73 7.42
16 -44.50 7.53
17 -49.40 7.72
18 -52.19 7.91
19 -54.16 7.88
20 -57.06 8.20
21 -60.36 8.48
22 -63.76 8.82
23 -67.28 9.18
24 -69.36 9.39
25 -70.59 9.58
26 -72.96 10.01
27 -75.09 10.39
28 -78.84 10.89
29 -81.05 11.11
30 -84.07 10.97
31 -85.52 11.34
32 -88.41 11.75
33 -91.01 12.30
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Coordinate Depth
No.
X [m] z [m]
34 -93.10 12.65
35 -96.63 13.65
36 -101.80 15.22
37 -107.65 16.70
38 -112.14 17.53
39 -117.52 18.54
40 -122.99 19.32
41 -123.71 19.32
42 -131.52 19.23
43 -132.52 19.23

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.

X [m] z [m]
1 0.00 0.00
2 0.10 -0.20
3 3.87 -1.26
4 5.26 -1.64
5 6.43 -2.08
6 7.66 -2.10
7 15.55 -2.28
8 20.60 -2.44
9 21.51 -2.42
10 22.56 -2.69
11 23.73 -2.76
12 24.73 -2.76

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.

Water influence

GWT behind the structure lies at a depth of 3.95 m
GWT in front of the structure lies at a depth of 4.14 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40

Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,
Coefficient of importance of structure yg = 1.00

Settings of the stage of construction

Design situation : permanent
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Analysis results
Dimensioning No. 1

Name : Piles verification

‘Stage - analysis : 3- 6
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Input data (Stage of construction 4)

Assigning and surfaces

Coordinates of surface points [m]

Assigned

No. Surface position .
X z X z soil
1 13259 3045 13893 3150
14627 3309 15312 3537
14807 3521 14018 3503 v .
13895 3501 137.78 3457
13639 3419 13243  33.08 ‘ S
13041 3232 12681  30.80
12247 2900 12070  28.45
2 6373 1555 6861  16.01
7728 1647 8157 1682 2 T (TH)
8550 1721 8871 1742 & ; s
90.88 1743 9387 17.36 |
96.65 17.39 97.60 17.45 / yay
99.90 1781 10126  18.12
10275 1852 10694  19.48
11250 2076 118.08  22.04
129024 2649 13127  27.59
13431 2885 137.83  29.88
13892 3010 14073  30.48
14236  30.83 14504 3157
14895 3295 151.03  33.77
15313 3448 15523  35.05
15625 3528 15625  35.69
15508 3562 154.03  35.35
15312 3537 14627  33.09
13893 3150 13259  30.45
12070 2845 119.93  28.30
11705 27.98 11067  27.34
10733 26.98 103.09  26.69
10095 26.64 10007  26.63
97.67 2619 9384 2564
89.79 2532  87.02 2521
8212 2502 7933  24.83
77.36 2486 7446  24.54
7116 2426  67.76  23.92
6424 2356 6216  23.35
6093 2316 5856 2273
56.43 2235 5268  21.85
3 5268 2185 5047 2163
4745 2177 4600 2140 27700
4311 2099 4051 2044 - : s
3842 2009 3480  19.09
2072 1752 2387  16.04 / yaw
1938 1521 1400  14.20
853 1342  7.81 1342
000 1351 000  9.16
421 948 821 971
1548  10.36 2105  10.87
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No. Surface position Coordinates of surface points [m] A55|g_ned
X z X z soil
2456 1118 2952  11.60
3574  12.08 3872  12.30
4163 1250 4447 1273
4724 13.03 6164 1534
63.73  15.55
4 7.81 822  26.31 9.83
3860 1067 4738 1146 °° 00000
62.10 1365 77.36  15.26 y y -
8769 1663 8946  16.83 4
93.87 1736 9088 1743 -~
8871 1742 8550  17.21
8157 16.82 7728  16.47
6861 16.01 63.73 1555
6164 1534 4724  13.03
4447 1273 4163 1250
3872 1230 3574  12.08
2952 1160 2456  11.18
2105 10.87 1548  10.36
8.21 9.71 4.21 9.48
0.00 9.16 0.00 7.12
5 8.08 543  30.44 8.42
4742 1027 6644 1266 YOO DOOOOOE
77.57 13.79 86.51 15.97 \/ \/ \/ \/
8046 16.83 87.69  16.63 O 00
7736 1526 6210 1365 /o
4738 1146 3860  10.67
26.31 9.83 7.81 8.22
0.00 7.12 0.00 3.95
6 86.51 1597 7757  13.79
6644  12.66 4742 1027 F2U U mnnnmmn
30.44 8.42 8.08 5.43
0.00 3.95 0.00  -0.21
8.79 152  19.57 3.60
29.73 6.12  37.25 8.17
40.56 8.88 4562 9.54
5328 1032 66.36  11.44
7664 1195 8020 1252
8540 1368 91.09  15.01
9544 1588 99.80  16.57
10564 1761 11093  18.70
11714 2043 12226 2242
13190 2671 13633  28.35
139.95 2945 14552  30.84
150.19  31.90 154.74  32.64
15625  32.81 15625  35.28
15523 3505 153.13  34.48
151.03  33.77 148.95  32.95
14504 3157 14236  30.83
140.73 3048 138.92  30.10
137.83  29.88 13431  28.85
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Coordinates of surface points [m] Assigned
X z X z soil
131.27 2759 129.24 26.49
118.08 22.04 112.50 20.76
106.94 19.48 102.75 18.52
101.26 18.12 99.90 17.81
97.60 17.45 96.65 17.39
93.87 17.36 89.46 16.83

7 154.74 3264 150.19 31.90
14552 3084 139.95 2945 430 UL HEOT
136.33 28.35 131.90 26.71 Voo, N Ay
122.26 2242 117.14 2043 <> : <> : <> :
11093 1870 10564 1761 A\ /A A A
99.89 16.57 95.44 15.88

91.09 15.01 85.40 13.68

80.20 12.52 76.64 11.95

66.36 11.44 53.28 10.32

45.62 9.54 40.56 8.88

37.25 8.17 29.73 6.12

19.57 3.60 8.79 1.52

0.00 -0.21 0.00 -5.21
156.25 -5.21 156.25 32.81

No. Surface position

Anti-Slide piles
\nt".S"d‘ Point Length P'I‘."‘ Cross-section Pile bearing capacity
pile spacing
.o Max. .
No. istributic bearing Gradient Passive
new X [m] z [m] | [m] b [m] [m] alon_g capacity K [-] _forc_e
the pile V,, [kN] direction
1 No 3485 19.08 1506 250 d =150 constant 1432.74 tpoegi’lznd'cu'a’
2 No  110.74 27.35 11.00  3.00 d=1.00 constant 704.70 tpoegi’lznd'cu'a’
3 No  132.02 3293 900  3.00 d=1.00 constant 704.70 tpoegi’lznd'cu'a’
Water

Water type : GWT

Coordinates of GWT points [m]

X z X z X z
0.00 13.13 8.35 13.25 9.07 13.26
24.09 15.78 45.31 20.26 63.63 22.84
74.71 24.02 87.93 24.70 96.03 25.27
100.81 2593 106.43 26.10 114.47 27.05
118.55 27.35 126.32 29.79 132.20 31.74
139.43 33.50 149.32 33.93 156.25 34.16

No. GWT location

Tensile crack
Tensile crack not input.
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Earthquake
Earthquake not included.

Settings of the stage of construction
Design situation : accidental

Results (Stage of construction 4)

Analysis 1 (stage 4)
Polygonal slip surface

Coordinates of slip surface points [m]

X z X z X z X z X z
56.87 22.43 58.38 18.67 60.94 17.15 64.04 16.43 82.95 17.10
89.34 17.46 94.53 17.55 95.74 17.62 97.07 17.76 102.94 18.69

107.56 19.62 112.98 20.91 117.97 22.23 125.68 25.20 131.91 28.07
139.26 31.18 142.59 35.08
Analysis of the slip surface without optimization.

The forces acting on the pile

Anti-Slide Pile No. 1 (34.85; 19.08 [m])
The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Horizontal active force: 424.40 kN/m
Horizontal passive force: 372.79 kKN/m
Depth of slip surface: 6.97 m

The length of pile below terrain:  11.00 m
Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 113.69 kN/m
Horizontal passive force: 66.66 kN/m
Depth of slip surface: 481 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 1.44 > 1.05

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Analysis 2 (stage 4)
Polygonal slip surface

Coordinates of slip surface points [m]
X z X z X z X z X z
20.67 15.45 2542 12.44 32.11 11.81 47.07 13.38 73.56 16.94
83.87 17.13 103.76 18.93 114.82 21.35 122.05 23.73 129.20 27.19
139.23 30.56 143.09 34.04 143.16 35.10
Analysis of the slip surface without optimization.

The forces acting on the pile
Anti-Slide Pile No. 1 (34.85; 19.08 [m])

Horizontal active force: 329.70 kN/m
Horizontal passive force: 280.40 kN/m
Depth of slip surface: 6.98 m

The length of pile below terrain:  15.06 m

Anti-Slide Pile No. 2 (110.74; 27.35 [m])
Horizontal active force: 431.92 kN/m
Horizontal passive force: 412.49 kN/m
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Depth of slip surface: 6.89 m
The length of pile below terrain:  11.00 m

Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 122.18 kN/m
Horizontal passive force: 103.76 kN/m
Depth of slip surface: 479 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 1.88 > 1.05

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Analysis 3 (stage 4)
Polygonal slip surface

Coordinates of slip surface points [m]
X z X z X z X z X z
119.73 28.28 122.28 26.06 123.88 25.74 130.81 27.50 134.60 28.98
138.14 30.60 141.10 32.53 142.78 35.09
Analysis of the slip surface without optimization.

The forces acting on the pile

Anti-Slide Pile No. 1 (34.85; 19.08 [m])

The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 2 (110.74; 27.35 [m])

The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 128.48 kN/m
Horizontal passive force: 0.00 kN/m The slope in front of anti-slide pile is not satisfactory.
Depth of slip surface: 4,96 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 1.39 > 1.05

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Piles verification 1 (stage 4)
Anti-Slide pile : Anti-Slide Pile No. 1 (34.85; 19.08 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb

Passive earth pressure calculation : Mazindrani (Rankine)
Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
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Verification methodology : according to Chinese standards

Anchors
Verification methodology : Safety factors (ASD)

Safety factors

Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []

Geometry of structure
Structure length = 15.06 m

Cross-section name : Pile curtaind =1.50 m; a=2.50 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.90
Area of cross-section A 7.07E-01 m2/m
Moment of inertia I 9.94E-02 m4/m
Elastic modulus E 31500.00 MPa
Shear modulus G = 12600.00 MPa

Forces above the slip surface

Depth of slip surface hg1 =7.20 m

Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 329.70 kN/m
Passive horizontal force P = 280.40 kN/m

Distribution of active force : rectangle
Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C35

Compressive strength fok = 23.40 MPa
Tensile strength fik = 2.20 MPa
Elasticity modulus E. = 31500.00 MPa
Shear modulus G = 12600.00 MPa

Longitudinal steel: HRB400
Yield strength

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction

= 400.00 MPa

<t
pS
|

Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

No. Name Pattern Pef Cef Y Ysu 5
[°] [kPa] = [kN/m3] [kN/m3]  []

1 1007 @ 560  13.00 17.70 1000  2.00

2 20000 8.00  13.00 18.20 1000 250

I 49]

[GEOS5 - Slope Stability | version 5.2021.18.0 | hardware key 9762 / 1 | Nanjing Kulun software Co., Ltd. | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[

| +86-025-52375135| hotline@kulunsoft.com| http://www.geo5.cn]



C

No. Name Pattern Pef ef Y Ysu 5

] [kPa] = [KN/m3]  [kN/m3] ]
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 - 11.50 16.00 17.80 10.00 4.00
5 42000000000 - 30.00  18.00 21.50 13.00  10.00
6 43000000000 | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters
1000
Unit weight :

Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

y = 17.70 kN/m3
effective

Pef = 95.60°

Cef = 13.00 kPa

§ = 200°-
cohesionless

Ysat = 20.00 kN/m3
m = 10.00 MN/m4
y = 18.20 kN/m3
effective

pef = 8.00°

Cef = 13.00 kPa

§ = 250°
cohesionless

Ysat = 20.00 kN/m3
m = 4.00 MN/m4
y = 19.00 kN/m3
effective

pef = 24.00°

Cef = 15.00 kPa

§ = 8.00°
cohesionless

Ysat = 21.00 kN/m3
m = 20.00 MN/m4
y = 17.80 kN/m3
effective

et = 11.50°

Cef = 16.00 kPa

§ = 400°-°
cohesionless

Ysat = 20.00 kN/m3
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Parameter :

420000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

430 000000 0d
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000 (00)

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

Pile fixed into the rock
Length of wall in the rock

Uniaxial compressive strength fi

Horizontal coefficient
Reduction parameter

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

y = 25.70 kN/m3
effective

oef = 30.00°

Cef = 100.00 kPa

s = 10.00 °

cohesionless
Ysat =  25.80 kN/m3

K = 700.00 MN/m3

y = 18.20 kN/m3
effective

oef = 5.00°

Cef = 8.00 kPa

§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4
I =5.30 m
= 8000.00 kPa
K = 0.50
v = 0.30

Geological profile and assigned soils

Position information

Terrain elevation = 19.08 m

Geological profile and assigned soils

Thick £l Depth Altitud
ickness ot layer i rude Assigned soil Pattern
t [m] z [m] [m]
1 722 000.722 19.08.11.86 2010 (1 (] @
2 161 7.22.883 11.86..10.25 30111011010
3 1.48 8.83.10.31 10.25.877 41710100 1010010 S
4 1.26 1031 . 1157 877 .7.51 42010100 10100 0 -

5
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Thickness of layer Depth Altitude

£ [m] z [m] [m] Assigned soil Pattern
5 - M57.o  751.- 43000000000 o0
Excavation
Soil in front of wall is excavated to a depth of 0.23 m.
Ditch bottom shape
No. Coordinate Depth
X [m] z [m]
1 0.00 0.00
2 -4.38 1.33
3 -10.23 2.81
4 -14.72 3.64
5 -20.10 4.65
6 -25.57 5.43
7 -26.29 5.43
8 -34.10 5.34
9 -35.10 5.34
Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile
Coordinates Depth
No.
x [m] z[m]
1 0.00 0.00
2 0.10 -0.24
3 2.82 -1.01
4 4.9 -1.36
5 7.51 -1.91
6 10.40 -2.32
7 11.85 -2.69
8 14.87 -2.55
9 17.08 -2.77
10 20.83 -3.27
11 22.96 -3.65
12 25.33 -4.08
13 26.56 -4.27
14 28.64 -4.48
15 32.16 -4.84
16 35.56 -5.18
17 38.86 -5.46
18 41.76 -5.78
19 43.73 -5.75
20 46.52 -5.94
21 51.42 -6.13
22 54.19 -6.24
23 58.24 -6.56
24 62.07 -7.11
25 64.47 -7.55
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Coordinates Depth
No.
X [m] z [m]

26 65.35 -7.56
27 67.49 -7.61
28 71.73 -7.90
29 75.07 -8.26
30 81.45 -8.90
31 84.33 -9.22
32 85.10 -9.37
33 86.87 -9.92
34 91.21 -11.72
35 94.81 -13.24
36 96.83 -14.00
37 100.79 -15.11
38 102.18 -15.49
39 103.35 -15.93
40 104.58 -15.95
41 112.47 -16.13
42 117.52 -16.29
43 118.43 -16.27
44 119.48 -16.54
45 120.65 -16.61
46 121.65 -16.61

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 0.87 m
GWT in front of the structure lies at a depth of 1.19 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40

Analysis of depending pressures : do not reduce

Minimum dimensioning pressure is considered as 6 min = 0.200,
Coefficient of importance of structure yg = 1.00

Settings of the stage of construction

Design situation : accidental

Analysis results
Pressure above the slip surface

Passive Active
Depth
pressure pressure
[m] [kPa] [kPa]
0 0.00 45.79
0.23 0.00 45.79
0.23 40.23 45.79
7.20 40.23 45.79
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Distributions of the modulus of subsoil reaction and internal forces on the structure
Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm] [kPa] [kN/m] [kNm/m]
0.00 0.00 0.00 -5.42 6.85 0.00 0.00
0.75 0.00 0.00 -4.96 6.85 -5.16 1.94
1.51 0.00 0.00 -4.51 6.85 -10.31 7.76
2.26 0.00 0.00 -4.05 6.85 -15.47 17.47
3.01 0.00 0.00 -3.60 6.85 -20.62 31.06
3.77 0.00 0.00 -3.16 6.85 -25.78 48.53
4.52 0.00 0.00 -2.72 6.85 -30.94 69.88
5.27 0.00 0.00 -2.30 6.85 -36.09 95.12
6.02 0.00 0.00 -1.89 6.85 -41.25 124.24
6.78 0.00 0.00 -1.51 6.85 -46.40 157.24
7.53 0.00 0.00 -1.16 -12.99 -64.76 197.39
8.28 0.00 0.00 -0.84 -8.70 -56.59 242.87
9.04 0.00 0.00 -0.56 102.53 -71.79 285.95
9.79 908.72 0.00 -0.34 -294.43 -66.39 354.71
10.54 444.00 0.00 -0.18 -65.97 81.84 338.60
11.29 444.00 300.00 -0.08 -2.25 108.71 262.75
12.05 844.00 700.00 -0.03 1217 116.09 176.40
12.80 844.00 700.00 -0.01 43.42 92.79 96.29
13.55 844.00 700.00 -0.01 47.00 57.59 39.51
14.31 844.00 700.00 -0.01 38.73 24.92 8.84
15.06 844.00 700.00 -0.02 27.30 0.00 0.00
Maximum shear force = 116.09 kN/m
Maximum moment = 360.45 kNm/m
Maximum displacement = 54 mm
Displacement in the depth of slip surface = 1.3 mm
Soil verification in depth 0.00 m
Active pressure behind the structure = 0.00 kPa
Passive pressure in front of the structure = 0.00 kPa
Max. stress o = 0.00 kPa
Soil design bearing capacity Rgq = 0.00 kPa
Bearing capacity of rock is SATISFACTORY
Rock verification in depth 0.00 m
Max. stress c = 0.00 kPa
Design bearing capacity of rock Ry = 1200.00 kPa

Bearing capacity of rock is SATISFACTORY
Dimensioning No. 1
Distribution of forces on construction

Disp. min  Disp. max Shear force min. | Shear force max = Moment min. = Moment max.
[mm] [mm)] [kN/m] [kN/m] [kNm/m] [kNm/m]
0.00 -5.42 -5.42 0.00 0.00 0.00 0.00
0.75 -4.96 -4.96 -5.16 -5.16 1.94 1.94
1.51 -4.51 -4.51 -10.31 -10.31 7.76 7.76
2.26 -4.05 -4.05 -15.47 -15.47 17.47 17.47
3.01 -3.60 -3.60 -20.62 -20.62 31.06 31.06
3.77 -3.16 -3.16 -25.78 -25.78 48.53 48.53
4.52 -2.72 -2.72 -30.94 -30.94 69.88 69.88
I 54|

[GEOS5 - Slope Stability | version 5.2021.18.0 | hardware key 9762 / 1 | Nanjing Kulun software Co., Ltd. | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[ | +86-025-52375135| hotline@kulunsoft.com| http://www.geo5.cn]



Disp. min Disp. max Shear force min. | Shear force max = Moment min. = Moment max.
[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]
5.27 -2.30 -2.30 -36.09 -36.09 95.12 95.12
6.02 -1.89 -1.89 -41.25 -41.25 124.24 124.24
6.78 -1.51 -1.51 -46.40 -46.40 157.24 157.24
7.53 -1.16 -1.16 -64.76 -64.76 197.39 197.39
8.28 -0.84 -0.84 -56.59 -56.59 242.87 242.87
9.04 -0.56 -0.56 -71.79 -71.79 285.95 285.95
9.79 -0.34 -0.34 -66.39 -66.39 354.71 354.71
10.54 -0.18 -0.18 81.84 81.84 338.60 338.60
11.29 -0.08 -0.08 108.71 108.71 262.75 262.75
12.05 -0.03 -0.03 116.09 116.09 176.40 176.40
12.80 -0.01 -0.01 92.79 92.79 96.29 96.29
13.55 -0.01 -0.01 57.59 57.59 39.51 39.51
14.31 -0.01 -0.01 24 .92 24 .92 8.84 8.84
15.06 -0.02 -0.02 0.00 0.00 0.00 0.00
Maximum values of internal forces
Maximum displacement = -5.4 mm
Minimum displacement = 0.0 mm
Maximum bending moment = 360.45 kNm/m
Minimum bending moment =  0.00 kNm/m
Maximum shear force = 116.09 kN/m
Verification of RC cross section (Pile curtain d = 1.50 m; a = 2.50 m)
All construction stages are taken into the analysis.
Partial factor on load = 1.00
Verification of cross section in bending:
Reinforcement - 26 pc bars 32.0 mm; cover 40.0 mm
Type of structure (reinforcement ratio) : beam
Reinforcement ratio p = 0.592 % > 0.200 % = pmin
Load : M =901.14 kNm
Bearing capacity : M, = 4479.77 kNm
Designed pile reinforcement is SATISFACTORY
Verification of cross section in shear:
Ultimate shear force: V|, = 1742.40 kN > 290.22 kN =V
Cross-section is SATISFACTORY.
Overall verification: Cross-section is SATISFACTORY
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Name : Piles verification Stage - analysis : 4 -1

Piles verification 2 (stage 4)
Anti-Slide pile : Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
Verification methodology : according to Chinese standards
Anchors
Verification methodology : Safety factors (ASD)
Safety factors
Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []
Geometry of structure
Structure length = 11.00 m
Cross-section name : Pile curtain d =1.00 m; a=3.00 m
Material of pile : concrete
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Computed coefficient of pressure reduction below the ditch = 0.60

2.62E-01 m2/m
1.64E-02 m4/m
30000.00 MPa
12000.00 MPa

Area of cross-section A
Moment of inertia |

Elastic modulus E
Shear modulus G

Forces above the slip surface

Depth of slip surface hg1 = 6.89 m

Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T = 431.92 kN/m
Passive horizontal force P = 412.49 kN/m

Distribution of active force : triangle
Distribution of passive force : triangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Determine modulus of subsoil reaction by method "m".
Displacement at the ditch vy, = 0.00 mm

Basic soil parameters

C
No. Name Pattern Pef ef Y Ysu 8
[°] [kPa] = [kN/m3]  [kN/m3] [°]
1 1000 . 580  13.00 17.70 10.00  2.00
2 20000 800  13.00 18.20 10.00  2.50
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 D 11.50 16.00 17.80 10.00 4.00
5 42000000000 0 3000 18.00 21.50 13.00  10.00
6 43000000000 ) | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00
All soils are considered as cohesionless for at rest pressure analysis.
Soil parameters
10 0 [0
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Unit weight :
Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

20000 (0 0)

= 17.70 kN/m3

effective

Pef = 9.60°
Cef = 13.00 kPa
§ = 200-°

cohesionless
Ysat = 20.00 kN/m3

y = 18.20 kN/m3
effective

oef = 8.00°

Cef = 13.00 kPa

§ = 250°

cohesionless
Ysat = 20.00 kN/m3

y = 19.00 kN/m3
effective

Qef = 24.00°

Cef = 15.00 kPa

§ = 8.00°

cohesionless
Ysat = 21.00 kN/m3

= 17.80 kN/m3
effective
gpef = 11.50°
Cef = 16.00 kPa
§ = 400°-°

cohesionless
Ysat = 20.00 kN/m3

y = 21.50 kN/m3
effective

gef = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat = 23.00 kN/m3

y = 25.70 kN/m3
effective

oef = 30.00°

Cef = 100.00 kPa

§ = 10.00 °

cohesionless
Ysat =  25.80 kN/m3
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Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :

Saturated unit weight :

= 18.20 kN/m3

effective

oef = 9.00°
Cef = 8.00 kPa
§ = 200-°

cohesionless
Ysat = 20.00 kN/m3

Geological profile and assigned soils

Position information
Terrain elevation = 27.35 m

Geological profile and assigned soils

Thickness of layer, Depth Altitude e reieal Pattern
t [m] z [m] [m]
1 6.93 0.00..6.93 27.35..20.42 27111 11 (11 71) 7 )
2 1.68 6.93..8.61 20.42 .. 18.74 4-201 1 (1101 0 01 0 ) 0 0]
3 861. 1874.- 43000000000 S
Excavation
Soil in front of wall is excavated to a depth of 0.06 m.
Ditch bottom shape
Coordinate Depth
No.
X [m] z [m]
1 0.00 0.00
2 -2.91 0.31
3 -7.15 0.60
4 -9.29 0.65
5 -10.17 0.66
6 -12.57 1.10
7 -16.40 1.65
8 -20.45 1.97
9 -23.22 2.08
10 -28.12 2.27
11 -30.91 2.46
12 -32.88 2.43
13 -35.78 2.75
14 -39.08 3.03
15 -42.48 3.37
16 -46.00 3.73
17 -48.08 3.94
18 -49.31 413
19 -51.68 4.56
20 -53.81 4.94
21 -57.56 5.44
22 -59.77 5.66
23 -62.79 5.52
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Coordinate Depth
No.
X [m] z [m]
24 -64.24 5.89
25 -67.13 6.30
26 -69.73 6.85
27 -71.82 7.20
28 -75.35 8.20
29 -80.52 9.77
30 -86.37 11.25
31 -90.86 12.08
32 -96.24 13.09
33 -101.71 13.87
34 -102.43 13.87
35 -110.24 13.78
36 -111.24 13.78

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.
X [m] z [m]

1 0.00 0.00
2 0.10 -0.06
3 5.81 -0.63
4 8.69 -0.95
5 9.46 -1.10
6 11.23 -1.65
7 15.57 -3.45
8 19.17 -4.97
9 21.19 -5.73
10 25.15 -6.84
11 26.54 -7.22
12 27.71 -7.66
13 28.94 -7.68
14 36.83 -7.86
15 41.88 -8.02
16 42.79 -8.00
17 43.84 -8.27
18 45.01 -8.34
19 46.01 -8.34

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 0.68 m
GWT in front of the structure lies at a depth of 0.80 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40
Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,

| 60|

[GEOS5 - Slope Stability | version 5.2021.18.0 | hardware key 9762 / 1 | Nanjing Kulun software Co., Ltd. | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[ | +86-025-52375135| hotline@kulunsoft.com| http://www.geo5.cn]




Coefficient of importance of structure yp = 1.00
Settings of the stage of construction

Design situation : accidental
Analysis results
Pressure above the slip surface

D Passive Active
epth
pressure pressure
[m] [kPa] [kPa]
0 0.00 0.00
0.06 0.00 1.09
0.06 0.00 1.09
6.89 120.74 125.33
Distributions of the modulus of subsoil reaction and internal forces on the structure
Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm] [kPa] [kN/m] [kNm/m]
0.00 0.00 0.00 -4.74 0.00 -0.00 -0.00
0.55 0.00 0.00 -4.41 0.45 -0.12 0.02
1.10 0.00 0.00 -4.08 0.90 -0.49 0.18
1.65 0.00 0.00 -3.76 1.35 -1.11 0.61
2.20 0.00 0.00 -3.43 1.80 -1.98 1.45
2.75 0.00 0.00 -3.10 2.25 -3.09 2.83
3.30 0.00 0.00 -2.78 2.70 -4.45 4.90
3.85 0.00 0.00 -2.46 3.15 -6.06 7.78
4.40 0.00 0.00 -2.14 3.60 -7.92 11.61
4.95 0.00 0.00 -1.83 4.05 -10.02 16.53
5.50 0.00 0.00 -1.53 4.50 -12.37 22.68
6.05 0.00 0.00 -1.25 4.95 -14.97 30.19
6.60 0.00 0.00 -0.98 5.40 -17.81 39.19
7.15 0.00 0.00 -0.74 -27.87 -28.30 51.84
7.70 0.00 0.00 -0.53 -27.00 -13.21 63.23
8.25 0.00 0.00 -0.36 -26.14 1.41 66.46
8.80 218.50 0.00 -0.23 -37.78 18.15 61.02
9.35 232.25 0.00 -0.13 -18.08 33.29 46.36
9.90 246.00 247.50 -0.07 7.28 37.41 25.92
10.45 259.75 261.25 -0.02 34.07 25.94 7.81
11.00 273.50 275.00 0.02 60.55 -0.00 -0.00
Maximum shear force = 37.41 kKN/m
Maximum moment = 66.46 kNm/m
Maximum displacement = 47 mm
Displacement in the depth of slip surface = 0.9 mm
Soil verification in depth 0.00 m
Active pressure behind the structure = 0.00 kPa
Passive pressure in front of the structure = 0.00 kPa
Max. stress o = 0.00 kPa
Soil design bearing capacity Rgq = 0.00 kPa

Bearing capacity of rock is SATISFACTORY
Soil verification in depth 0.00 m
Active pressure behind the structure
Passive pressure in front of the structure

0.00 kPa
0.00 kPa
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0.00 kPa
0.00 kPa

Max. stress o
Soil design bearing capacity Ry

Bearing capacity of rock is SATISFACTORY
Dimensioning No. 1
Distribution of forces on construction

Disp. min  Disp. max Shear force min. | Shear force max = Moment min. = Moment max.
[mm] [mm)] [kN/m] [kN/m] [kNm/m] [kNm/m]
0.00 -4.74 -4.74 -0.00 -0.00 -0.00 -0.00
0.55 -4.41 -4.41 -0.12 -0.12 0.02 0.02
1.10 -4.08 -4.08 -0.49 -0.49 0.18 0.18
1.65 -3.76 -3.76 -1.11 -1.11 0.61 0.61
2.20 -3.43 -3.43 -1.98 -1.98 1.45 1.45
2.75 -3.10 -3.10 -3.09 -3.09 2.83 2.83
3.30 -2.78 -2.78 -4.45 -4.45 4.90 4.90
3.85 -2.46 -2.46 -6.06 -6.06 7.78 7.78
4.40 -2.14 -2.14 -7.92 -7.92 11.61 11.61
4.95 -1.83 -1.83 -10.02 -10.02 16.53 16.53
5.50 -1.53 -1.53 -12.37 -12.37 22.68 22.68
6.05 -1.25 -1.25 -14.97 -14.97 30.19 30.19
6.60 -0.98 -0.98 -17.81 -17.81 39.19 39.19
7.15 -0.74 -0.74 -28.30 -28.30 51.84 51.84
7.70 -0.53 -0.53 -13.21 -13.21 63.23 63.23
8.25 -0.36 -0.36 1.41 1.41 66.46 66.46
8.80 -0.23 -0.23 18.15 18.15 61.02 61.02
9.35 -0.13 -0.13 33.29 33.29 46.36 46.36
9.90 -0.07 -0.07 37.41 37.41 25.92 25.92
10.45 -0.02 -0.02 25.94 25.94 7.81 7.81
11.00 0.02 0.02 -0.00 -0.00 -0.00 -0.00

Maximum values of internal forces

Maximum displacement = -47 mm

Minimum displacement = 0.0 mm

Maximum bending moment = 66.46 kNm/m

Minimum bending moment = 0.00 kNm/m

Maximum shear force = 37.41 kN/m

Verification of RC cross section (Pile curtain d = 1.00 m; a = 3.00 m)

All construction stages are taken into the analysis.
Partial factor on load = 1.00
Verification of cross section in bending:

Reinforcement - 24 pc bars 25.0 mm; cover 40.0 mm
Type of structure (reinforcement ratio) : beam
Reinforcement ratio p = 0.750 % > 0.200 % = pmin
Load : M = 199.37 kNm

Bearing capacity : M, = 1590.53 kNm

Designed pile reinforcement is SATISFACTORY
Verification of cross section in shear:

Ultimate shear force: V, = 707.52 kN > 112.23 kN =V
Cross-section is SATISFACTORY.

Overall verification: Cross-section is SATISFACTORY
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Name : Piles verification Stage - analysis : 4-2

Piles verification 3 (stage 4)
Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
Verification methodology : according to Chinese standards
Anchors
Verification methodology : Safety factors (ASD)
Safety factors
Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []
Geometry of structure
Structure length = 9.00 m
Cross-section name : Pile curtain d =1.00 m; a=3.00 m
Material of pile : concrete
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Computed coefficient of pressure reduction below the ditch = 0.60

2.62E-01 m2/m
1.64E-02 m4/m
30000.00 MPa
12000.00 MPa

Area of cross-section A
Moment of inertia |

Elastic modulus E
Shear modulus G

Forces above the slip surface

Depth of slip surface hg1 =4.79 m
Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 122.18 kN/m
Passive horizontal force P 103.76 kN/m

Distribution of active force : triangle
Distribution of passive force : triangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Determine modulus of subsoil reaction by method "m".
Displacement at the ditch vy, = 0.00 mm

Basic soil parameters

C
No. Name Pattern Pef ef Y Ysu 8
[°] [kPa] = [kN/m3]  [kN/m3] [°]
1 1000 . 580  13.00 17.70 10.00  2.00
2 20000 800  13.00 18.20 10.00  2.50
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 D 11.50 16.00 17.80 10.00 4.00
5 42000000000 0 3000 18.00 21.50 13.00  10.00
6 43000000000 ) | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00
All soils are considered as cohesionless for at rest pressure analysis.
Soil parameters
10 0 [0
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Unit weight :
Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

20000 (0 0)

= 17.70 kN/m3

effective

Pef = 9.60°
Cef = 13.00 kPa
§ = 200-°

cohesionless
Ysat = 20.00 kN/m3

y = 18.20 kN/m3
effective

oef = 8.00°

Cef = 13.00 kPa

§ = 250°

cohesionless
Ysat = 20.00 kN/m3

y = 19.00 kN/m3
effective

Qef = 24.00°

Cef = 15.00 kPa

§ = 8.00°

cohesionless
Ysat = 21.00 kN/m3

= 17.80 kN/m3
effective
gpef = 11.50°
Cef = 16.00 kPa
§ = 400°-°

cohesionless
Ysat = 20.00 kN/m3

y = 21.50 kN/m3
effective

gef = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat = 23.00 kN/m3

y = 25.70 kN/m3
effective

oef = 30.00°

Cef = 100.00 kPa

§ = 10.00 °

cohesionless
Ysat =  25.80 kN/m3
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Unit weight : = 18.20 kN/m3
Stress-state : effective

Angle of internal friction : oef = 9.00°
Cohesion of soil : Cef = 8.00 kPa
Angle of friction struc.-soll : § = 200°

Soil : cohesionless
Saturated unit weight : Ysat = 20.00 kN/m3

Geological profile and assigned soils

Position information
Terrain elevation = 32.93 m
Geological profile and assigned soils

Thickness of layer, Depth Altitude e reieal Pattern
t [m] z [m] [m]
1 2.67 0.00 .. 2.67 32.93..30.26 10 7 [ Ak
2 2.33 2,67 ..5.00 30.26 ..27.93 27101 11 (1 71) 7 )
3 1.17 5.00..6.17 27.93..26.76 4-201 11 (1110 00 0 ) 0 0]
4 - 647 .%  2676.- 43000000000 S
Excavation
Soil in front of wall is excavated to a depth of 0.19 m.
Ditch bottom shape
Coordinate Depth
No.
X [m] z [m]
1 0.00 0.00
2 -1.11 0.42
3 -4.71 1.94
4 -9.05 3.74
5 -10.82 4.29
6 -11.59 4.44
7 -14.47 4.76
8 -20.85 5.40
9 -24.19 5.76
10 -28.43 6.05
11 -30.57 6.10
12 -31.45 6.11
13 -33.85 6.55
14 -37.68 7.10
15 -41.73 7.42
16 -44.50 7.53
17 -49.40 7.72
18 -52.19 7.91
19 -54.16 7.88
20 -57.06 8.20
21 -60.36 8.48
| 66|

[GEOS5 - Slope Stability | version 5.2021.18.0 | hardware key 9762 / 1 | Nanjing Kulun software Co., Ltd. | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[DOO0000000oono | +86-025-52375135| hotline@kulunsoft.com| http://www.geo5.cn]



Coordinate Depth
No.
X [m] z [m]

22 -63.76 8.82
23 -67.28 9.18
24 -69.36 9.39
25 -70.59 9.58
26 -72.96 10.01
27 -75.09 10.39
28 -78.84 10.89
29 -81.05 11.11
30 -84.07 10.97
31 -85.52 11.34
32 -88.41 11.75
33 -91.01 12.30
34 -93.10 12.65
35 -96.63 13.65
36 -101.80 15.22
37 -107.65 16.70
38 -112.14 17.53
39 -117.52 18.54
40 -122.99 19.32
41 -123.71 19.32
42 -131.52 19.23
43 -132.52 19.23

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.

X [m] z [m]
1 0.00 0.00
2 0.10 -0.20
3 3.87 -1.26
4 5.26 -1.64
5 6.43 -2.08
6 7.66 -2.10
7 15.55 -2.28
8 20.60 -2.44
9 21.51 -2.42
10 22.56 -2.69
11 23.73 -2.76
12 24.73 -2.76

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 1.11 m
GWT in front of the structure lies at a depth of 1.42 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40
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Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,

Coefficient of importance of structure yg = 1.00
Settings of the stage of construction
Design situation : accidental

Analysis results

Pressure above the slip surface

Passive Active
Depth
pressure pressure
[m] [kPa] [kPa]
0 0.00 0.00
0.19 0.00 2.02
0.19 0.00 2.02
4.79 45.09 50.99
Distributions of the modulus of subsoil reaction and internal forces on the structure
Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm] [kPa] [kN/m] [kNm/m]
0.00 0.00 0.00 -2.61 0.00 -0.00 -0.00
0.45 0.00 0.00 -2.42 0.72 -0.16 0.02
0.90 0.00 0.00 -2.24 1.44 -0.65 0.19
1.35 0.00 0.00 -2.05 217 -1.46 0.66
1.80 0.00 0.00 -1.87 2.89 -2.60 1.56
2.25 0.00 0.00 -1.68 3.61 -4.06 3.05
2.70 0.00 0.00 -1.50 4.33 -5.85 5.26
3.15 0.00 0.00 -1.32 5.05 -7.96 8.36
3.60 0.00 0.00 -1.14 5.78 -10.40 12.47
4.05 0.00 0.00 -0.97 6.50 -13.16 17.76
4.50 0.00 0.00 -0.80 7.22 -16.24 24.36
4.95 3.81 3.96 -0.65 43.35 -25.16 32.86
5.40 0.00 0.00 -0.51 -27.34 -20.76 44 .57
5.85 0.00 0.00 -0.38 -26.64 -8.62 51.17
6.30 152.75 0.00 -0.28 -33.65 3.94 52.03
6.75 164.00 0.00 -0.20 -22.68 16.57 47.21
7.20 175.25 0.00 -0.14 -13.28 24.61 37.78
7.65 186.50 191.25 -0.09 -0.39 28.27 25.48
8.10 197.75 202.50 -0.06 14.12 25.14 13.21
8.55 209.00 213.75 -0.03 27.85 15.70 3.78
9.00 220.25 225.00 0.00 4212 -0.00 0.00
Maximum shear force = 28.27 kN/m
Maximum moment = 52.20 kNm/m
Maximum displacement = 2.6 mm
Displacement in the depth of slip surface = 0.7 mm
Soil verification in depth 0.00 m
Active pressure behind the structure = 0.00 kPa
Passive pressure in front of the structure = 0.00 kPa
Max. stress o = 0.00 kPa
Soil design bearing capacity Rgq = 0.00 kPa

Bearing capacity of rock is SATISFACTORY
Soil verification in depth 0.00 m
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Active pressure behind the structure = 0.00 kPa
Passive pressure in front of the structure = 0.00 kPa
Max. stress o = 0.00 kPa
Soil design bearing capacity Rgq = 0.00 kPa

Bearing capacity of rock is SATISFACTORY

Dimensioning No. 1

Distribution of forces on construction

Disp. min | Disp. max @ Shear force min. | Shear force max @ Moment min. Moment max.
[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]

0.00 -2.61 -2.61 -0.00 -0.00 -0.00 -0.00
0.45 -2.42 -2.42 -0.16 -0.16 0.02 0.02
0.90 -2.24 -2.24 -0.65 -0.65 0.19 0.19
1.35 -2.05 -2.05 -1.46 -1.46 0.66 0.66
1.80 -1.87 -1.87 -2.60 -2.60 1.56 1.56
2.25 -1.68 -1.68 -4.06 -4.06 3.05 3.05
2.70 -1.50 -1.50 -5.85 -5.85 5.26 5.26
3.15 -1.32 -1.32 -7.96 -7.96 8.36 8.36
3.60 -1.14 -1.14 -10.40 -10.40 12.47 12.47
4.05 -0.97 -0.97 -13.16 -13.16 17.76 17.76
4.50 -0.80 -0.80 -16.24 -16.24 24.36 24.36
4.95 -0.65 -0.65 -25.16 -25.16 32.86 32.86
5.40 -0.51 -0.51 -20.76 -20.76 44 .57 4457
5.85 -0.38 -0.38 -8.62 -8.62 51.17 51.17
6.30 -0.28 -0.28 3.94 3.94 52.03 52.03
6.75 -0.20 -0.20 16.57 16.57 47.21 47.21
7.20 -0.14 -0.14 24.61 24.61 37.78 37.78
7.65 -0.09 -0.09 28.27 28.27 25.48 25.48
8.10 -0.06 -0.06 25.14 25.14 13.21 13.21
8.55 -0.03 -0.03 15.70 15.70 3.78 3.78
9.00 0.00 0.00 -0.00 -0.00 0.00 0.00

Maximum values of internal forces

Maximum displacement = -2.6 mm

Minimum displacement = 0.0 mm

Maximum bending moment = 52.20 kNm/m

Minimum bending moment = 0.00 kNm/m

Maximum shear force = 28.27 kN/m

Verification of RC cross section (Pile curtain d = 1.00 m; a = 3.00 m)

All construction stages are taken into the analysis.

Partial factor on load = 1.00

Verification of cross section in bending:

Reinforcement - 22 pc bars 25.0 mm; cover 40.0 mm

Type of structure (reinforcement ratio) : beam

Reinforcement ratio p = 0.688 % > 0.200 % = pmin

Load : M = 156.60 kNm

Bearing capacity : M = 1469.23 kNm

Designed pile reinforcement is SATISFACTORY

Verification of cross section in shear:

Ultimate shear force: V, = 707.52 KN > 84.82 kN =V

Cross-section is SATISFACTORY.
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Overall verification: Cross-section is SATISFACTORY
Name : Piles verification Stage - analysis : 4 -3

Piles verification 4 (stage 4)
Anti-Slide pile : Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Analysis : Calculation 1 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015

Modulus of subsoil reaction : Chinese standards

Pressures below the slip surface :  GB 50330-2013

Verification methodology : according to Chinese standards
Anchors

Verification methodology : Safety factors (ASD)

Safety factors
Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []

Geometry of structure
Structure length = 11.00 m

Cross-section name : Pile curtaind =1.20 m; a =3.00 m
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Material of pile : concrete
Computed coefficient of pressure reduction below the ditch = 0.66
Area of cross-section
Moment of inertia
Elastic modulus
Shear modulus

Forces above the slip surface

Depth of slip surface hg1 = 6.97 m
: residual active force

Input of active horizontal force

Input of passive horizontal force :

Active horizontal force T
Passive horizontal force P

Distribution of active force : rectangle
Distribution of passive force : rectangle

Material of structure
Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30
Compressive strength
Tensile strength
Elasticity modulus
Shear modulus

Longitudinal steel: HRB400
Yield strength

Transverse steel: HRB400
Yield strength

Modulus of reaction

Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

A = 3.77E-01 m2/m
| = 3.39E-02 m4/m
E = 30000.00 MPa
G = 12000.00 MPa

residual passive force

424.40 kN/m
372.79 kN/m

fe =  20.10 MPa
fy = 2.01 MPa
Ec = 30000.00 MPa
G = 12000.00 MPa
fyk = 400.00 MPa

fic = 400.00 MPa

C
No. Name Pattern Pef ef Y Ysu 8
[°] [kPa] = [kN/m3]  [kN/m3] [°]
1 1000 | 580  13.00 17.70 10.00  2.00
2 20000 800  13.00 18.20 10.00  2.50
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 D 11.50 16.00 17.80 10.00 4.00
5 42000000000 0 3000 1800 21.50 13.00  10.00
6 43000000000 ) | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00
All soils are considered as cohesionless for at rest pressure analysis.
Soil parameters
10 0 [0
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Unit weight :
Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

430 00000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

= 17.70 kN/m3

effective

Pef = 9.60°
Cef = 13.00 kPa
§ = 200-°

cohesionless
Ysat = 20.00 kN/m3

m = 10.00 MN/m4

y = 18.20 kN/m3
effective

oef = 8.00°

Cef = 13.00 kPa

§ = 250°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4
=  19.00 kN/m3

effective

gPef = 24.00°

Cef = 15.00 kPa

§ = 8.00°

cohesionless
Ysat = 21.00 kN/m3

m = 20.00 MN/m4

y = 17.80 kN/m3
effective

goef = 11.50°

Cef = 16.00 kPa

§ = 4.00°

cohesionless
Ysat = 20.00 kN/m3

m = 80.00 MN/m4

= 21.50 kN/m3
effective
oef = 30.00°
Cef = 18.00 kPa
§ = 10.00 °

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

y = 2570 kN/m3
effective

gpef = 30.00°

Cef = 100.00 kPa

§ = 10.00°
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Soil : cohesionless

Saturated unit weight : Ysat =  25.80 kN/m3
Parameter : K = 700.00 MN/m3
200000 (00)

Unit weight : y = 18.20 kN/m3
Stress-state : effective

Angle of internal friction : oef = 9.00°
Cohesion of soil : Cef = 8.00 kPa
Angle of friction struc.-soll : § = 200°

Soil : cohesionless
Saturated unit weight : Ysat = 20.00 kN/m3
Parameter : m = 4.00 MN/m4

Pile fixed into the rock

Length of wall in the rock | =4.03 m
Uniaxial compressive strength fc = 8000.00 kPa
Horizontal coefficient K = 0.50
Reduction parameter v =0.30

Geological profile and assigned soils

Position information
Terrain elevation = 27.35 m
Geological profile and assigned soils

Thick fl Depth Altitud
Ickness of layer °p ude Assigned soil Pattern
t [m] z [m] [m]
1 6.93 0.00 .. 6.93 27.35..20.42 20 11 1101 (11 11) 7 )
2 1.68 6.93..8.61 20.42 .. 18.74 4201 111101 0 01 0 () 0 0]
3 - 861. 1874.- 43000000000 S
Excavation
Soil in front of wall is excavated to a depth of 0.06 m.
Ditch bottom shape
Coordinate Depth
No.
x [m] z[m]
1 0.00 0.00
2 -2.91 0.31
3 -7.15 0.60
4 -9.29 0.65
5 -10.17 0.66
6 -12.57 1.10
7 -16.40 1.65
8 -20.45 1.97
9 -23.22 2.08
10 -28.12 2.27
11 -30.91 2.46
12 -32.88 2.43
13 -35.78 2.75
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Coordinate Depth
No.
X [m] z [m]

14 -39.08 3.03
15 -42.48 3.37
16 -46.00 3.73
17 -48.08 3.94
18 -49.31 413
19 -51.68 4.56
20 -53.81 4,94
21 -57.56 5.44
22 -59.77 5.66
23 -62.79 5.52
24 -64.24 5.89
25 -67.13 6.30
26 -69.73 6.85
27 -71.82 7.20
28 -75.35 8.20
29 -80.52 9.77
30 -86.37 11.25
31 -90.86 12.08
32 -96.24 13.09
33 -101.71 13.87
34 -102.43 13.87
35 -110.24 13.78
36 -111.24 13.78

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.
X [m] z [m]
1 0.00 0.00
2 0.10 -0.06
3 5.81 -0.63
4 8.69 -0.95
5 9.46 -1.10
6 11.23 -1.65
7 15.57 -3.45
8 19.17 -4.97
9 21.19 -5.73
10 25.15 -6.84
11 26.54 -7.22
12 27.71 -7.66
13 28.94 -7.68
14 36.83 -7.86
15 41.88 -8.02
16 42.79 -8.00
17 43.84 -8.27
18 45.01 -8.34
19 46.01 -8.34
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Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 0.68 m
GWT in front of the structure lies at a depth of 0.80 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40
Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,

Coefficient of importance of structure yg = 1.00
Settings of the stage of construction

Design situation : accidental

Analysis results

Dimensioning No. 1

Name : Piles verification |Stage - analysis : 4 -4

Piles verification 5 (stage 4)
Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Analysis : Calculation 1 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)
Earthquake analysis : NB 35047 - 2015
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Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
Verification methodology : according to Chinese standards

Anchors
Verification methodology : Safety factors (ASD)

Safety factors

Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []

Geometry of structure
Structure length = 9.00 m

Cross-section name : Pile curtaind = 1.00 m; a=3.00 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.60
Area of cross-section A 2.62E-01 m2/m
Moment of inertia I 1.64E-02 m4/m
Elastic modulus E 30000.00 MPa
Shear modulus G = 12000.00 MPa

Forces above the slip surface

Depth of slip surface hg1 =4.81 m
Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 113.69 kN/m
Passive horizontal force P 66.66 kN/m

Distribution of active force : triangle
Distribution of passive force : triangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa
Transverse steel: HRB400

Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Determine modulus of subsoil reaction by method "m".
Displacement at the ditch vy, = 0.00 mm

Basic soil parameters

No. Name Pattern Pef Cef Y Ysu 5
[°] [kPa] = [KN/m3] [kN/m3]  []

1 1007 @ 560  13.00 17.70 1000  2.00
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C

No. Name Pattern Pef ef Y Ysu 5

[°] [kPa] = [KN/m3] [kN/m3]  []
2 20000 8.00  13.00 18.20 10.00 250
3 30000000 E 2400  15.00 19.00 1100  8.00
4 41000000000 - 11.50 16.00 17.80 10.00 4.00
5 42000000000 - 30.00  18.00 21.50 13.00  10.00
6 43000000000 ) | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters
1000

Unit weight :
Stress-state :

Angle of internal friction :
Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :

y = 17.70 kN/m3
effective

Pef = 5.60°

Cei = 13.00 kPa

§ = 200°
cohesionless

Ysat = 20.00 kN/m3
y = 18.20 kN/m3
effective

Pef = 8.00 °

Cei = 13.00 kPa

5§ = 250°
cohesionless

Ysat = 20.00 kN/m3
y = 19.00 kN/m3
effective

Pef = 24.00°

Cei = 15.00 kPa

§ = 8.00 °
cohesionless

Ysat = 21.00 kN/m3
y = 17.80 kN/m3
effective

oef = 11.50°

Cef = 16.00 kPa

§ = 400°
cohesionless

Ysat = 20.00 kN/m3
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42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

20000 (00)

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :

y = 21.50 kN/m3
effective

gef = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat = 23.00 kN/m3

= 25.70 kN/m3
effective
goef = 30.00°
Cef = 100.00 kPa
s = 10.00 °

cohesionless
Ysat =  25.80 kN/m3

y = 18.20 kN/m3
effective

oef = 9.00°

Cef = 8.00 kPa

§ = 200-°

cohesionless
Ysat = 20.00 kN/m3

Geological profile and assigned soils

Position information

Terrain elevation = 32.93 m

Geological profile and assigned soils

Thickness of layer

Depth Altitude

Assigned soil

Pattern

t [m] z [m] [m]
1 2,67 0.00 .. 2.67 32.93..30.26 101 (1 [} Ak
2 2.33 2.67 ..5.00 30.26 ..27.93 2011017 (0 1) 7 )
3 1.7 5.00 .. 6.17 27.93 .. 26.76 4201 0 11 (10101 001 1) 0 0]
/N /N
4 - 617 .. x 26.76 .. - 43000000000 VARRY
Excavation
Soil in front of wall is excavated to a depth of 0.19 m.
Ditch bottom shape
Coordinate Depth
No.
x [m] z [m]
1 0.00 0.00
2 “1.11 0.42
3 4.71 1.94
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Coordinate Depth
No
X [m] z [m]

4 -9.05 3.74
5 -10.82 4.29
6 -11.59 4.44
7 -14.47 4.76
8 -20.85 5.40
9 -24.19 5.76
10 -28.43 6.05
11 -30.57 6.10
12 -31.45 6.11
13 -33.85 6.55
14 -37.68 710
15 -41.73 7.42
16 -44.50 7.53
17 -49.40 7.72
18 -52.19 7.91
19 -54.16 7.88
20 -57.06 8.20
21 -60.36 8.48
22 -63.76 8.82
23 -67.28 9.18
24 -69.36 9.39
25 -70.59 9.58
26 -72.96 10.01
27 -75.09 10.39
28 -78.84 10.89
29 -81.05 11.11
30 -84.07 10.97
31 -85.52 11.34
32 -88.41 11.75
33 -91.01 12.30
34 -93.10 12.65
35 -96.63 13.65
36 -101.80 15.22
37 -107.65 16.70
38 -112.14 17.53
39 -117.52 18.54
40 -122.99 19.32
41 -123.71 19.32
42 -131.52 19.23
43 -132.52 19.23

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.

Terrain profile

Coordinates Depth
No.
x [m] z[m]
1 0.00 0.00
2 0.10 -0.20
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Coordinates Depth
No.

X [m] z [m]
3 3.87 -1.26
4 5.26 -1.64
5 6.43 -2.08
6 7.66 -2.10
7 15.55 -2.28
8 20.60 -2.44
9 21.51 -2.42
10 22.56 -2.69
11 23.73 -2.76
12 24.73 -2.76

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 1.11 m
GWT in front of the structure lies at a depth of 1.42 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40

Analysis of depending pressures : do not reduce

Minimum dimensioning pressure is considered as 6 min = 0.200,
Coefficient of importance of structure yg = 1.00

Settings of the stage of construction

Design situation : accidental

Analysis results

Pressure above the slip surface

Passive Active
Depth
pressure pressure
[m] [kPa] [kPa]

0 0.00 0.00

0.19 0.00 1.86

0.19 0.00 1.86

4.81 28.83 47.24

Distributions of the modulus of subsoil reaction and internal forces on the structure
Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm)] [kPa] [kN/m] [kNm/m]

0.00 0.00 0.00 -7.52 0.00 0.00 0.00
0.45 0.00 0.00 -6.99 1.83 -0.41 0.06
0.90 0.00 0.00 -6.47 3.65 -1.64 0.49
1.35 0.00 0.00 -5.94 5.48 -3.70 1.66
1.80 0.00 0.00 -5.41 7.31 -6.58 3.95
2.25 0.00 0.00 -4.89 9.13 -10.28 7.71
2.70 0.00 0.00 -4.37 10.96 -14.80 13.32
3.15 0.00 0.00 -3.85 12.79 -20.14 21.15
3.60 0.00 0.00 -3.34 14.61 -26.31 31.57
4.05 0.00 0.00 -2.85 16.44 -33.29 44.95
4.50 0.00 0.00 -2.37 18.27 -41.10 61.66
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Depth kh,p kh,z Displacement Pressure Shear Force Moment

[m] [MN/m3] [MN/m3] [mm] [kPa] [kN/m] [kNm/m]
4.95 3.81 3.96 -1.92 33.44 -51.50 82.18
5.40 0.00 0.00 -1.51 -27.34 -46.05 105.39
5.85 0.00 0.00 -1.13 -26.64 -33.90 123.37
6.30 152.75 0.00 -0.81 -114.79 -10.77 134.41
6.75 164.00 0.00 -0.54 -79.24 32.81 128.81
7.20 175.25 0.00 -0.33 -46.90 61.09 107.12
7.65 186.50 0.00 -0.16 -17.91 75.57 75.87
8.10 197.75 202.50 -0.02 28.88 74.70 41.02
8.55 209.00 213.75 0.10 82.54 49.69 12.13
9.00 220.25 225.00 0.22 139.19 -0.00 0.00

Maximum shear force

Maximum moment

Maximum displacement

Displacement in the depth of slip surface

Soil verification in depth 0.00 m
Active pressure behind the structure

Passive pressure in front of the structure =
Max. stress c =
Soil design bearing capacity Rq =

Bearing capacity of rock is SATISFACTORY
Soil verification in depth 0.00 m
Active pressure behind the structure

Passive pressure in front of the structure =
Max. stress c =
Soil design bearing capacity Rq =

Bearing capacity of rock is SATISFACTORY
Dimensioning No. 1
Distribution of forces on construction

78.16 kN/m
134.41 KNm/m

7.5 mm
2.1 mm

0.00 kPa
0.00 kPa
0.00 kPa
0.00 kPa

0.00 kPa
0.00 kPa
0.00 kPa
0.00 kPa

Disp. min = Disp. max = Shear force min. = Shear force max = Moment min. = Moment max.
[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]
0.00 -7.52 -7.52 0.00 0.00 0.00 0.00
0.45 -6.99 -6.99 -0.41 -0.41 0.06 0.06
0.90 -6.47 -6.47 -1.64 -1.64 0.49 0.49
1.35 -5.94 -5.94 -3.70 -3.70 1.66 1.66
1.80 -5.41 -5.41 -6.58 -6.58 3.95 3.95
2.25 -4.89 -4.89 -10.28 -10.28 7.71 7.71
2.70 -4.37 -4.37 -14.80 -14.80 13.32 13.32
3.15 -3.85 -3.85 -20.14 -20.14 21.15 21.15
3.60 -3.34 -3.34 -26.31 -26.31 31.57 31.57
4.05 -2.85 -2.85 -33.29 -33.29 44 .95 44.95
4.50 -2.37 -2.37 -41.10 -41.10 61.66 61.66
4.95 -1.92 -1.92 -51.50 -51.50 82.18 82.18
5.40 -1.51 -1.51 -46.05 -46.05 105.39 105.39
5.85 -1.13 -1.13 -33.90 -33.90 123.37 123.37
6.30 -0.81 -0.81 -10.77 -10.77 134.41 134.41
6.75 -0.54 -0.54 32.81 32.81 128.81 128.81
7.20 -0.33 -0.33 61.09 61.09 107.12 107.12
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Disp. min | Disp. max @ Shear force min. | Shear force max = Moment min. | Moment max.

[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]

7.65 -0.16 -0.16 75.57 75.57 75.87 75.87
8.10 -0.02 -0.02 74.70 74.70 41.02 41.02
8.55 0.10 0.10 49.69 49.69 12.13 12.13
9.00 0.22 0.22 -0.00 -0.00 0.00 0.00

Maximum values of internal forces

Maximum displacement = -7.5 mm

Minimum displacement = 0.2 mm

Maximum bending moment = 134.41 kNm/m
Minimum bending moment =  0.00 kNm/m
Maximum shear force 78.16 kKN/m

Verification of RC cross section (Pile curtain d = 1.00 m; a = 3.00 m)

All construction stages are taken into the analysis.
Partial factor on load = 1.00

Verification of cross section in bending:
Reinforcement - 22 pc bars 25.0 mm; cover 40.0 mm
Type of structure (reinforcement ratio) : beam
Reinforcement ratio p = 0.688 % > 0.200 % = pmin
Load : M = 403.22 kNm

Bearing capacity : My = 1469.23 kNm

Designed pile reinforcement is SATISFACTORY
Verification of cross section in shear:

Ultimate shear force: V, = 707.52 kN > 234.48 kN =V
Cross-section is SATISFACTORY.

Overall verification: Cross-section is SATISFACTORY
Name : Piles verification Stage - analysis : 4 -5

Piles verification 6 (stage 4)

Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])
Analysis : Calculation 3 (slip surface polygonal)
Method : ITFM
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Analysis of anti-slide pile
Input data

Settings
(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015

Modulus of subsoil reaction : Chinese standards

Pressures below the slip surface :  GB 50330-2013

Verification methodology : according to Chinese standards
Anchors

Verification methodology : Safety factors (ASD)

Safety factors

Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 []
Safety factor for pull out resistance (grouting) : SF. = 2.60 []

Geometry of structure
Structure length = 9.00 m

Cross-section name : Pile curtaind = 1.00 m; a=3.00 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 0.60
Area of cross-section A 2.62E-01 m2/m
Moment of inertia I 1.64E-02 m4/m
Elastic modulus E 30000.00 MPa
Shear modulus G = 12000.00 MPa

Forces above the slip surface

Depth of slip surface hg1 =4.96 m

Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 128.48 kN/m
Passive horizontal force P 0.00 kN/m

Distribution of active force : rectangle
Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa

83|

[GEOS5 - Slope Stability | version 5.2021.18.0 | hardware key 9762 / 1 | Nanjing Kulun software Co., Ltd. | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[

| +86-025-52375135| hotline@kulunsoft.com| http://www.geo5.cn]



Transverse steel: HRB400

Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

c
No. Name Pattern i of L Ysu o
[°] [kPa] [KN/m3] = [kN/m3] ]

1 1000 . 560  13.00 17.70 10.00  2.00
2 20000 8.00  13.00 18.20 10.00 2,50
3 3oooooog 4 24.00 15.00 19.00 11.00 8.00
4 41000000000 / / 11.50 16.00 17.80 10.00 4.00
5 42000000000 0 000 1800 2150 13.00  10.00
6 43000000000 ‘| 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00

All soils are considered as cohesionless for at rest pressure analysis.

Soil parameters

10 0 0

Unit weight : = 17.70 KN/m3

Stress-state : effective

Angle of internal friction : Pef = 9.60°

Cohesion of soil : Cef = 13.00 kPa

Angle of friction struc.-soll : § = 200°

Soil : cohesionless

Saturated unit weight : Ysat = 20.00 kN/m3

Parameter : m = 10.00 MN/m4

20000

Unit weight : y = 18.20 kN/m3

Stress-state : effective

Angle of internal friction : pef = 8.00°

Cohesion of soil : Cef = 13.00 kPa

Angle of friction struc.-soil : 8§ = 250°

Soil : cohesionless

Saturated unit weight : Ysat = 20.00 kN/m3

Parameter : m = 4.00 MN/m4

300000

Unit weight : = 19.00 kN/m3

Stress-state : effective

Angle of internal friction : oef = 24.00°

Cohesion of soil : Cef = 15.00 kPa

Angle of friction struc.-soll : § = 8.00°
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Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000 (00)

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

Pile fixed into the rock
Length of wall in the rock

Uniaxial compressive strength fi
K
A%

Horizontal coefficient
Reduction parameter

cohesionless
Ysat = 21.00 kN/m3

m = 20.00 MN/m#4

y = 17.80 kN/m3
effective

gef = 11.50°

Cef = 16.00 kPa

§ = 400°-°

cohesionless
Ysat = 20.00 kN/m3

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat =  23.00 kN/m3

K = 300.00 MN/m3

y = 25.70 kN/m3
effective

goef = 30.00°

Cef = 100.00 kPa

s = 10.00 °

cohesionless
Ysat =  25.80 kN/m3

K = 700.00 MN/m3

y = 18.20 kN/m3
effective

oef = 5.00°

Cef = 8.00 kPa

§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4

= 4.04 m
= 8000.00 kPa
= 0.50

= 0.30

Geological profile and assigned soils

Position information

Terrain elevation = 32.93 m

Geological profile and assigned soils
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Thickness of layer| Depth Altitude redner cell Pattern
t [m] z [m] [m]
1 2.67 0.00 .. 2.67 32.93..30.26 101 1 ] vk
2 2.33 2.67..5.00 30.26 ..27.93 20 71 (111 (11 11) 7 )
3 117 5.00..6.17 27.93 .. 26.76 4-201 (1 (101 (1 (171 (1 1) S
4 - 647.  2676.- 43000000000 o0
Excavation
Soil in front of wall is excavated to a depth of 0.19 m.
Ditch bottom shape
No. Coordinate Depth
X [m] z [m]
1 0.00 0.00
2 -1.11 0.42
3 -4.71 1.94
4 -9.05 3.74
5 -10.82 4.29
6 -11.59 4.44
7 14.47 4.76
8 -20.85 5.40
9 -24.19 5.76
10 -28.43 6.05
11 -30.57 6.10
12 -31.45 6.11
13 -33.85 6.55
14 -37.68 7.10
15 -41.73 7.42
16 -44.50 7.53
17 -49.40 7.72
18 -52.19 7.91
19 -54.16 7.88
20 -57.06 8.20
21 -60.36 8.48
22 -63.76 8.82
23 -67.28 9.18
24 -69.36 9.39
25 -70.59 9.58
26 -72.96 10.01
27 -75.09 10.39
28 -78.84 10.89
29 -81.05 11.11
30 -84.07 10.97
31 -85.52 11.34
32 -88.41 11.75
33 -91.01 12.30
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Coordinate Depth
No.
X [m] z [m]
34 -93.10 12.65
35 -96.63 13.65
36 -101.80 15.22
37 -107.65 16.70
38 -112.14 17.53
39 -117.52 18.54
40 -122.99 19.32
41 -123.71 19.32
42 -131.52 19.23
43 -132.52 19.23

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.

X [m] z [m]
1 0.00 0.00
2 0.10 -0.20
3 3.87 -1.26
4 5.26 -1.64
5 6.43 -2.08
6 7.66 -2.10
7 15.55 -2.28
8 20.60 -2.44
9 21.51 -2.42
10 22.56 -2.69
11 23.73 -2.76
12 24.73 -2.76

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.

Water influence

GWT behind the structure lies at a depth of 1.11 m
GWT in front of the structure lies at a depth of 1.42 m
Subgrade at the heel is not permeable.

Global settings

Number of FEs to discretize wall = 40

Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as 6 min = 0.200,
Coefficient of importance of structure yg = 1.00

Settings of the stage of construction

Design situation : accidental
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Analysis results
Dimensioning No. 1

Name : Piles verification

‘Stage - analysis : 4 - 6
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Input data (Stage of construction 5)

Assigning and surfaces

Coordinates of surface points [m]

Assigned

No. Surface position .
X z X z soil
1 13259 3045 13893 3150
14627 3309 15312 3537
14807 3521 14018 3503 v .
13895 3501 137.78 3457
13639 3419 13243  33.08 ‘ S
13041 3232 12681  30.80
12247 2900 12070  28.45
2 6373 1555 6861  16.01
7728 1647 8157 1682 2 T (TH)
8550 1721 8871 1742 & ; s
90.88 1743 9387 17.36 |
96.65 17.39 97.60 17.45 / yay
99.90 1781 10126  18.12
10275 1852 10694  19.48
11250 2076 118.08  22.04
129024 2649 13127  27.59
13431 2885 137.83  29.88
13892 3010 14073  30.48
14236  30.83 14504 3157
14895 3295 151.03  33.77
15313 3448 15523  35.05
15625 3528 15625  35.69
15508 3562 154.03  35.35
15312 3537 14627  33.09
13893 3150 13259  30.45
12070 2845 119.93  28.30
11705 27.98 11067  27.34
10733 26.98 103.09  26.69
10095 26.64 10007  26.63
97.67 2619 9384 2564
89.79 2532  87.02 2521
8212 2502 7933  24.83
77.36 2486 7446  24.54
7116 2426  67.76  23.92
6424 2356 6216  23.35
6093 2316 5856 2273
56.43 2235 5268  21.85
3 5268 2185 5047 2163
4745 2177 4600 2140 27700
4311 2099 4051 2044 - : s
3842 2009 3480  19.09
2072 1752 2387  16.04 / yaw
1938 1521 1400  14.20
853 1342  7.81 1342
000 1351 000  9.16
421 948 821 971
1548  10.36 2105  10.87
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No. Surface position Coordinates of surface points [m] A55|g_ned
X z X z soil
2456 1118 2952  11.60
3574  12.08 3872  12.30
4163 1250 4447 1273
4724 13.03 6164 1534
63.73  15.55
4 7.81 822  26.31 9.83
3860 1067 4738 1146 °° 00000
62.10 1365 77.36  15.26 y y -
8769 1663 8946  16.83 4
93.87 1736 9088 1743 -~
8871 1742 8550  17.21
8157 16.82 7728  16.47
6861 16.01 63.73 1555
6164 1534 4724  13.03
4447 1273 4163 1250
3872 1230 3574  12.08
2952 1160 2456  11.18
2105 10.87 1548  10.36
8.21 9.71 4.21 9.48
0.00 9.16 0.00 7.12
5 8.08 543  30.44 8.42
4742 1027 6644 1266 YOO DOOOOOE
77.57 13.79 86.51 15.97 \/ \/ \/ \/
8046 16.83 87.69  16.63 O 00
7736 1526 6210 1365 /o
4738 1146 3860  10.67
26.31 9.83 7.81 8.22
0.00 7.12 0.00 3.95
6 86.51 1597 7757  13.79
6644  12.66 4742 1027 F2U U mnnnmmn
30.44 8.42 8.08 5.43
0.00 3.95 0.00  -0.21
8.79 152  19.57 3.60
29.73 6.12  37.25 8.17
40.56 8.88 4562 9.54
5328 1032 66.36  11.44
7664 1195 8020 1252
8540 1368 91.09  15.01
9544 1588 99.80  16.57
10564 1761 11093  18.70
11714 2043 12226 2242
13190 2671 13633  28.35
139.95 2945 14552  30.84
150.19  31.90 154.74  32.64
15625  32.81 15625  35.28
15523 3505 153.13  34.48
151.03  33.77 148.95  32.95
14504 3157 14236  30.83
140.73 3048 138.92  30.10
137.83  29.88 13431  28.85
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Coordinates of surface points [m] Assigned
X z X z soil
131.27 2759 129.24 26.49
118.08 22.04 112.50 20.76
106.94 19.48 102.75 18.52
101.26 18.12 99.90 17.81
97.60 17.45 96.65 17.39
93.87 17.36 89.46 16.83

7 154.74 3264 150.19 31.90
14552 3084 139.95 2945 430 UL HEOT
136.33 28.35 131.90 26.71 Voo, N Ay
122.26 2242 117.14 2043 <> : <> : <> :
11093 1870 10564 1761 A\ /A A A
99.89 16.57 95.44 15.88

91.09 15.01 85.40 13.68

80.20 12.52 76.64 11.95

66.36 11.44 53.28 10.32

45.62 9.54 40.56 8.88

37.25 8.17 29.73 6.12

19.57 3.60 8.79 1.52

0.00 -0.21 0.00 -5.21
156.25 -5.21 156.25 32.81

No. Surface position

Anti-Slide piles
\nt".S"d‘ Point Length P'I‘."‘ Cross-section Pile bearing capacity
pile spacing
.o Max. .
No. istributic bearing Gradient Passive
new X [m] z [m] | [m] b [m] [m] alon_g capacity K [-] _forc_e
the pile V,, [kN] direction
1 No 3485 19.08 1506 250 d =150 constant 1432.74 tpoegi’lznd'cu'a’
2 No  110.74 27.35 11.00  3.00 d=1.00 constant 704.70 tpoegi’lznd'cu'a’
3 No  132.02 3293 900  3.00 d=1.00 constant 704.70 tpoegi’lznd'cu'a’
Water

Water type : GWT

Coordinates of GWT points [m]

X z X z X z
0.00 11.05 7.54 11.46 24.20 13.98
45.31 18.26 63.63 20.84 74.88 22.42
87.91 23.51 96.19 25.04 100.08 26.21
106.22 26.49 113.02 26.95 117.51 27.24
126.32 27.79 132.43 28.96 138.91 30.15
149.38 30.86 154.03 31.15 156.25 31.29

No. GWT location

Tensile crack
Tensile crack not input.

I 91|

[GEOS5 - Slope Stability | version 5.2021.18.0 | hardware key 9762 / 1 | Nanjing Kulun software Co., Ltd. | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[DOO0000000oono | +86-025-52375135| hotline@kulunsoft.com| http://www.geo5.cn]




Earthquake
Seismic fortification intensity :

7 degree (0.1g)

Factor of horizontal acceleration : Kn = 0.1000
Seismic importance coefficient : Ci= 1.0
Comprehensive influence factor : C,= 0.25
Distribution of horizontal earthquake : trapezoidal
Top value of the distribution map : a= 3.0
Bottom value of the distribution map: b= 1.0

Settings of the stage of construction
Design situation : seismic

Results (Stage of construction 5)

Analysis 1 (stage 5)
Polygonal slip surface

Coordinates of slip surface points [m]

X z X z X z X z X z
56.87 22.43 58.38 18.67 60.94 17.15 64.04 16.43 82.95 17.10
89.34 17.46 94.53 17.55 95.74 17.62 97.07 17.76 102.94 18.69
107.56 19.62 112.98 20.91 117.97 22.23 125.68 25.20 131.91 28.07
139.26 31.18 142.59 35.08

Analysis of the slip surface without optimization.

The forces acting on the pile

Anti-Slide Pile No. 1 (34.85; 19.08 [m])
The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Horizontal active force: 345.36 kN/m
Horizontal passive force: 169.16 kN/m
Depth of slip surface: 6.97 m
The length of pile below terrain:  11.00 m

Anti-Slide Pile No. 3 (132.02; 32.93 [m])
Horizontal active force: 155.15 kN/m
Horizontal passive force:

Depth of slip surface:
The length of pile below terrain:

Slope stability verification (ITFM)
Factor of safety =1.13 > 1.05
Slope stability ACCEPTABLE

481 m
9.00 m

0.00 kN/m The slope in front of anti-slide pile is not satisfactory.

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Analysis 2 (stage 5)
Polygonal slip surface

Coordinates of slip surface points [m]
X z X z X z X z X z
20.67 15.45 25.42 12.44 32.11 11.81 47.07 13.38 73.56 16.94
83.87 17.13 103.76 18.93 114.82 21.35 122.05 23.73 129.20 27.19
139.23 30.56 143.09 34.04 143.16 35.10
Analysis of the slip surface without optimization.
The forces acting on the pile
Anti-Slide Pile No. 1 (34.85; 19.08 [m])
Horizontal active force: 635.12 kN/m
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Horizontal passive force: 360.04 kN/m
Depth of slip surface: 6.98 m
The length of pile below terrain: 15.06 m

Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Horizontal active force: 420.91 kN/m
Horizontal passive force: 312.50 kN/m
Depth of slip surface: 6.89 m

The length of pile below terrain:  11.00 m
Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 164.17 kN/m
Horizontal passive force: 61.37 kN/m
Depth of slip surface: 479 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 1.37 > 1.05

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Analysis 3 (stage 5)
Polygonal slip surface

Coordinates of slip surface points [m]
X z X z X z X z X z
119.73 28.28 122.28 26.06 123.88 25.74 130.81 27.50 134.60 28.98
138.14 30.60 141.10 32.53 142.78 35.09
Analysis of the slip surface without optimization.

The forces acting on the pile

Anti-Slide Pile No. 1 (34.85; 19.08 [m])

The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 2 (110.74; 27.35 [m])

The pile do not intersect slip surface, forces acting on pile cannot be computed.
Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Horizontal active force: 168.80 kN/m
Horizontal passive force: 43.44 KN/m
Depth of slip surface: 496 m

The length of pile below terrain:  9.00 m

Slope stability verification (ITFM)

Factor of safety = 1.41 > 1.05

Slope stability ACCEPTABLE

The increments of slip segment obliqueness is higher than 10 degrees. The results can be overestimated.

Piles verification 1 (stage 5)

Anti-Slide pile : Anti-Slide Pile No. 1 (34.85; 19.08 [m])
Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM
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Name : Piles verification |Stage - analysis : 5-1

Piles verification 2 (stage 5)
Anti-Slide pile : Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM
Name : Piles verification IStage - analysis : 5 -2

Piles verification 3 (stage 5)
Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Analysis : Calculation 2 (slip surface polygonal)
Method : ITFM
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Name : Piles verification Stage - analysis : 5 -3

Piles verification 4 (stage 5)
Anti-Slide pile : Anti-Slide Pile No. 2 (110.74; 27.35 [m])

Analysis : Calculation 1 (slip surface polygonal)
Method : ITFM

Analysis of anti-slide pile

Input data

Settings

(input for current task)

Materials and standards

Concrete structures : GB 50010-2010
Steel structures : GB 50017-2003

Pressure analysis

Active earth pressure calculation:  Coulomb
Passive earth pressure calculation : Mazindrani (Rankine)

Earthquake analysis : NB 35047 - 2015
Modulus of subsoil reaction : Chinese standards
Pressures below the slip surface :  GB 50330-2013
Verification methodology : according to Chinese standards
Anchors
Verification methodology : Safety factors (ASD)
Safety factors
Safety factor for steel strength : SF; = 2.20 []
Safety factor for pull out resistance (soil) : SFe = 2.60 [-]
Safety factor for pull out resistance (grouting) : SF. = 2.60 [-]

Geometry of structure

Structure length = 11.00 m

Cross-section name : Pile curtain d =1.20 m; a=3.00 m

Material of pile : concrete
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Computed coefficient of pressure reduction below the ditch = 0.66

3.77E-01 m2/m
3.39E-02 m4/m
30000.00 MPa
12000.00 MPa

Area of cross-section A
Moment of inertia |

Elastic modulus E
Shear modulus G

Forces above the slip surface

Depth of slip surface hg1 = 6.97 m
Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T = 345.36 kN/m
Passive horizontal force P 169.16 kN/m

Distribution of active force : rectangle
Distribution of passive force : rectangle
Material of structure

Analysis of concrete structures carried out according to the standard GB 50010-2010.

Concrete: C30

Compressive strength fok = 20.10 MPa
Tensile strength fik = 2.01 MPa
Elasticity modulus E. = 30000.00 MPa
Shear modulus G = 12000.00 MPa
Longitudinal steel: HRB400

Yield strength fyk = 400.00 MPa

Transverse steel: HRB400
Yield strength fyk = 400.00 MPa

Modulus of reaction
Modulus of reaction

Modulus of subsoil reaction input as soil parameter.
Basic soil parameters

C
No. Name Pattern Pef ef Y Ysu 8
[°] [kPa] = [kN/m3]  [kN/m3] [°]
1 1000 | 580  13.00 17.70 10.00  2.00
2 20000 800  13.00 18.20 10.00  2.50
3 30000000 2400  15.00 19.00 11.00  8.00
4 41000000000 D 11.50 16.00 17.80 10.00 4.00
5 42000000000 0 3000 1800 21.50 13.00  10.00
6 43000000000 ) | 3000 100.00 25.70 15.80  10.00
7 20000 (00) . 500 8.00 18.20 10.00  2.00
All soils are considered as cohesionless for at rest pressure analysis.
Soil parameters
10 0 [0
Unit weight : y = 17.70 kN/m3
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Stress-state :
Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

20000

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

3000000 g

Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

41000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :
Saturated unit weight :
Parameter :

42000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Saturated unit weight :
Parameter :

43000000000
Unit weight :
Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soll :

Soil :

effective

Pef = 560°
Cef = 13.00 kPa
§ = 200°

cohesionless
Ysat = 20.00 kN/m3

m = 10.00 MN/m#4

y = 18.20 kN/m3
effective

oef = 8.00°

Cef = 13.00 kPa

§ = 250°

cohesionless
Ysat = 20.00 kN/m3

m = 4.00 MN/m4
y = 19.00 kN/m3
effective

goef = 24.00°

Cef = 15.00 kPa

§ = 8.00°

cohesionless
Ysat = 21.00 kN/m3

m = 20.00 MN/m4

y = 17.80 kN/m3
effective

gef = 11.50°

Cef = 16.00 kPa

§ = 400°-°

cohesionless
Ysat = 20.00 kN/m3

m = 80.00 MN/m4

y = 21.50 kN/m3
effective

et = 30.00°

Cef = 18.00 kPa

§ = 10.00°

cohesionless
Ysat = 23.00 kN/m3

K = 300.00 MN/m3

y = 25.70 kN/m3
effective

oef = 30.00°

Cef = 100.00 kPa

§ = 10.00 °

cohesionless
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Saturated unit weight : Ysat =  25.80 kKN/m3
Parameter : K 700.00 MN/m3

20000 (0 0)

Unit weight : y = 18.20 kN/m3
Stress-state : effective

Angle of internal friction : oef = 9.00°
Cohesion of soil : Cef = 8.00 kPa
Angle of friction struc.-soll : § = 200°

Soil : cohesionless
Saturated unit weight : Ysat = 20.00 kN/m3
Parameter : m = 4.00 MN/m4
Pile fixed into the rock

Length of wall in the rock | =4.03 m
Uniaxial compressive strength fc = 8000.00 kPa
Horizontal coefficient K = 0.50

Reduction parameter v =040

Geological profile and assigned soils

Position information
Terrain elevation = 27.35 m
Geological profile and assigned soils

No. Thickness of layer, Depth Altitude e reieal Pattern
t [m] z [m] [m]
1 6.93 0.00..6.93 27.35..20.42 27111 11 (11 71) 7 )
2 1.68 6.93 ..8.61 20.42 .. 18.74 4-20 000 0 00 0 0 0]
3 - 861.» 1874.- 43000000000 S
Excavation
Soil in front of wall is excavated to a depth of 0.06 m.
Ditch bottom shape
Coordinate Depth
No.
X [m] z [m]
1 0.00 0.00
2 -2.91 0.31
3 -7.15 0.60
4 -9.29 0.65
5 -10.17 0.66
6 -12.57 1.10
7 -16.40 1.65
8 -20.45 1.97
9 -23.22 2.08
10 -28.12 2.27
11 -30.91 2.46
12 -32.88 243
13 -35.78 2.75
14 -39.08 3.03
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Coordinate Depth
No.
X [m] z [m]

15 -42.48 3.37
16 -46.00 3.73
17 -48.08 3.94
18 -49.31 413
19 -51.68 4.56
20 -53.81 4,94
21 -57.56 5.44
22 -59.77 5.66
23 -62.79 5.52
24 -64.24 5.89
25 -67.13 6.30
26 -69.73 6.85
27 -71.82 7.20
28 -75.35 8.20
29 -80.52 9.77
30 -86.37 11.25
31 -90.86 12.08
32 -96.24 13.09
33 -101.71 13.87
34 -102.43 13.87
35 -110.24 13.78
36 -111.24 13.78

Origin [0,0] is located at the ditch bottom.
Positive coordinate +z has downward direction.
Terrain profile

Coordinates Depth
No.
X [m] z [m]
1 0.00 0.00
2 0.10 -0.06
3 5.81 -0.63
4 8.69 -0.95
5 9.46 -1.10
6 11.23 -1.65
7 15.57 -3.45
8 19.17 -4.97
9 21.19 -5.73
10 2515 -6.84
11 26.54 -7.22
12 27.71 -7.66
13 28.94 -7.68
14 36.83 -7.86
15 41.88 -8.02
16 42.79 -8.00
17 43.84 -8.27
18 45.01 -8.34
19 46.01 -8.34
Origin [0,0] is located in upper right edge of construction.
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Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 0.52 m
GWT in front of the structure lies at a depth of 0.59 m
Subgrade at the heel is not permeable.

Earthquake

Seismic fortification intensity : 7 degree (0.1g)
Factor of horizontal acceleration Kn = 0.1000
Factor of vertical acceleration Ky = 0.0000
Meeting coefficient Cop = 0.5000
Seismic importance coefficient Ci = 1.00
Comprehensive influence factor C,= 025
Top value of the distribution map a = 3.00
Bottom value of the distributionmap b = 1.00

Water below the GWT is restricted.
Coefficient of seismic bearing capacity {5 = 1.30
Global settings

Number of FEs to discretize wall = 40
Analysis of depending pressures : do not reduce
Minimum dimensioning pressure is considered as o min = 0.200,

Coefficient of importance of structure yp = 1.00
Settings of the stage of construction
Design situation : seismic

Analysis results

Warning - allowable range of input data exceeded during earthquake analysis!
The analysis is carried out with the modified value of terrain inclination B. (3=0.00°, Bmogir=0.00°)

Dimensioning No. 1
Name : Piles verification Stage - analysis : 5 -4

Piles verification 5 (stage 5)

Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])
Analysis : Calculation 1 (slip surface polygonal)
Method : ITFM
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Name : Piles verification |Stage - analysis : 5-5

Piles verification 6 (stage 5)
Anti-Slide pile : Anti-Slide Pile No. 3 (132.02; 32.93 [m])

Analysis : Calculation 3 (slip surface polygonal)
Method : ITFM
Name : Piles verification IStage - analysis : 5 -6
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