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Slope stability analysis

Input data

Project

Date : 17.10.2023

Settings
Standard - EN 1997 - DA3

Stability analysis

Earthquake analysis : Standard
Verification methodology : according to EN 1997
Design approach : 3 - reduction of actions (GEO, STR) and soil parameters

Partial factors on actions (A)
Permanent design situation

State STR State GEO
Unfavourable Favourable Unfavourable Favourable
Permanent actions : Yg = 1.35 [] 1.00 [-] 1.00 [-] 1.00 [-]
Variable actions : Yq = 1.50 [-] 0.00 [-] 1.30 [-] 0.00 [-]
Water load : Yw = 1.00 [-]
Partial factors for soil parameters (M)
Permanent design situation
Partial factor on internal friction : Yo = 1.25 [-]
Partial factor on effective cohesion : Yo = 1.25 [-]
Partial factor on undrained shear strength : You = 1.40 []
Partial factors on actions (A)
Seismic design situation
State STR State GEO
Unfavourable Favourable Unfavourable Favourable
Permanent actions : Yo = 1.00 [-] 1.00 [-] 1.00 [-] 1.00 [-]
Variable actions : Yo = 1.00 [-] 0.00 [] 1.00 [-] 0.00 []
Water load : Yw = 1.00 [-]
Partial factors for soil parameters (M)
Seismic design situation
Partial factor on internal friction : Yo = 1.25 [-]
Partial factor on effective cohesion : Yo = 1.25 []
Partial factor on undrained shear strength : You = 1.40 []
Interface
No. Interface location Coordinates of interface points [m]
X z X z X z
1 " -8.77 0.00 0.00 -0.41 5.64 -1.47
8.76 -2.41 8.81 -3.41 8.84 -3.53
9.03 -4.41 9.41 -5.16 9.91 -5.91
10.54 -6.93  11.37 -8.41 11.84 -9.19
1256 -10.41 1456 -13.92 1549 -15.41
17.04 -19.41 1837 -2291 20.07 -27.91
2476 -3491 27.69 -38.91 2848 -40.27




>
e
N
X
e
>

No. Interface location . Coo;dina‘tes :f interfazce p‘oint: [m] .
2 -8.77 -1.40 7.63 -3.38  8.84 -3.53
3 877 -464 1054  -6.93
4 877 670 11.84 -9.19
Soil parameters - effective stress state
[
No. Name Pattern Pet of o
[°1 [kPa] [kN/m3]
1 sge 1 32.50 34.60 20.80
AP AV AV
/
2 sge2 d-/ 34.80 16.10 21.00
/
CHESESTTS
X X X NN Y
3 sge 3 2%; 28.00 50.00 22.30
TEEXTXELKE
A A aa‘s
4 sge 4 é-i 32.00 500.00 24.40
...
Soil parameters - uplift
No. Name Pattern Youi ¥ "
[kN/m3] [kN/m3] [-]
1 sge 1 20.80
/
/
EHESETESTS
X X X N NN
3 sge 3 2 % 22.30




No. Name Pattern P e "
[kN/m?3] [kN/m?3] [-]
T
4 sge 4 2 i 24.40
...

Soil parameters

sge 1

Unit weight : Yy = 20.80 kN/m3

Stress-state : effective

Angle of internal friction : @ = 32.50 °

Cohesion of soil : Cot = 34.60 kPa

Saturated unit weight 1 yg5 =  20.80 kN/m3

sge 2

Unit weight : y = 21.00 kN/m3

Stress-state : effective

Angle of internal friction : @ = 34.80 °

Cohesion of soil : Cef = 16.10 kPa

Saturated unit weight 1 yg5; =  21.00 kN/m3

sge 3

Unit weight : Yy = 2230 kN/m3

Stress-state : effective

Angle of internal friction : ¢, =  28.00 °

Cohesion of soil : Cef = 50.00 kPa

Saturated unit weight 1 yg5; =  22.30 kN/m3

sge 4

Unit weight : Yy = 2440 kN/m3

Stress-state : effective

Angle of internal friction : ¢ = 32.00 °

Cohesion of soil : Cer = 500.00 kPa

Saturated unit weight : vy = 24.40 kN/m3

Assigning and surfaces

No. Surface position Coordinates of surface points [m] ASS|g-ned
X z X z soil
1 7.63 -3.38 8.84 -3.53 )

881 341 876 241 °F°
5.64 -1.47 0.00 -0.41
-8.77 0.00 -8.77 -1.40




No. Y e e Coordinates of surface points [m] Assig-ned
X z X z soil
2 1054  -6.93  9.91 -5.91 )
941 516 903  -441 9
884 353 763 -3.38 pRSnavswivsecwd
/ %
877 140 -877  -464 ¢ P
/ v
Vi s s L v e
3 11.84 919 1137  -8.41
1054 693 877 -a64 93
K 4
N X
TRARKRARK KKK KX
4 877  -870 -877 -4527
sge 4
28.48 -4527 2848  -40.27
2769 3891 2476 -3491 RSty
X X
20.07 -27.91 1837 -22.91
X X
17.04 1941 1549 -15.41 AESEKININGNINISA.
1456 -13.92 1256  -10.41
11.84  -9.19
Water

Water type : No water

Tensile crack

Tensile crack not input.

Earthquake
Earthquake not included.

Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 1)

Analysis 1 (stage 1)
Circular slip surface
Slip surface is not specified

Slope stability verification (Bishop)
Analysis has not been performed.




Input data (Stage of construction 2)

Earth cut
. f .
o cutlocaton Coordinates of cut points [m]
X z | x z | x z
1 5.64 -1.47 9.41 -5.16

|

Assigning and surfaces

10.54 -6.93  -8.77 -4.64
-8.77 -6.70

sge 3

\\/\/\/\/\/\/\/\/'
X X
X X

A AN AN ANANANANANAN A

- — - T
No. Surface position Coordinates of surface points [m] smg_ned
X z | x z soil
1 5.64 -1.47 0.00 -0.41 ]
877 000 -877 -140 °%
7.59 -3.37
2 9.91 -5.91 9.41 -5.16 )
759 337 877  -1.40 °9°
877  -464 1054  -6.93 PRt eEw Sy
/( /
// /Q
A A A A AeA
3 i 11.84 919 1137  -8.41




Coordinates of surface points [m] Assigned

No. Surface position i
X z X z soil
4 -8.77 -6.70 -8.77  -45.27
sge 4
2848 4527 28.48 -40.27
2769 -38.91 2476 -34.91 wNESRRSTSSS e
X X
20.07 -27.91 1837 -22.91
X X
17.04  -19.41 1549  -15.41 NINANINANONINONE.
1456 -13.92 1256 -10.41
11.84 -9.19
Water

Water type : No water

Tensile crack
Tensile crack not input.

Earthquake
Earthquake not included.

Settings of the stage of construction

Design situation : permanent
Results (Stage of construction 2)

Analysis 1 (stage 2)
Circular slip surface

Slip surface parameters

Center :

Radius :

11.02 [m] Anl a, = -80.69 [°]
ngles :

0.12 [m] 9 a, = 420 ]

6.80 [m] |

Slip surface after grid search.

Slope stability verification (Bishop)

Sum of active forces:  F;= 150.87 kN/m
Sum of passive forces : F, = 256.36 kN/m
Sliding moment : M, = 1025.91 kNm/m
Resisting moment : M, = 1743.26 kNm/m

Utilization : 58.9 %
Slope stability ACCEPTABLE




|Stage - analysis : 2 -1

Name : Analysis

11.6
13.¢
18.(
225
27.(
31.4
36.(
40.4
45
49.5
54.(
58.¢

0010‘4“0“&0“"“0“““0“’“0“0“04

00000
u&x&x&axlavxxxxxv
oS esssasetotetototores
SOIKLLLLKK
00“000000“00000

Input data (Stage of construction 3)

Assigning and surfaces

Assigned
soil

Coordinates of surface points [m]
|

Surface position

No.

5.64 -1.47 0.00 -0.41
-8.77

-8.77
7.59

1
140 59

0.00
-3.37

-5.16
-1.40

9.41
-8.77

-5.91
3.37
-4.64

9.91
7.59
-8.77

sge 2

<
L
=)
2

-8.41

11.37
-8.77

-9.19
-6.93
-6.70

11.84
10.54
-8.77

464 593

NN NN N NN N

X
X

AN AAANANAAXN




No. Y e e Coordinates of surface points [m] Assig-ned
X z X z soil
4 -8.77 -6.70 -8.77 -45.27
sge 4
2848 4527 28.48 -40.27
2769 3891 2476 -34.91 N
X X
20.07 -2791 1837 -22.91 X <
17.04 1941 1549 1541 AR INANENGNEE
1456 -13.92 1256 -10.41
11.84 -9.19
Nails
No Nall] Staript | Length, inclination) Spacing Tension strength Pull out resistance sl i
" new | x [m] [:I] I [m] a[°] b [m] strength
- dg =50.0 mm, f, = calculate from bond strength, d = _
1 Yes 0.86 057 4.00 106.40 1.50 s 450,00 Mly:’a 50.0 mm, g, = 80.000 kPa Rt =20.00 kN
- dg = 50.0 mm, fy = calculate from bond strength, d = _
2 Yes 234 0.85 4.00 106.44 1.50 450.00 MPa 50.0 mm, g, = 80.000 kPa R¢=20.00 kN
- dg =50.0 mm, f, = calculate from bond strength, d = _
3 Yes 3.81 113 4.00 106.40 1.00 s 450.00 Mly?’a 50.0 mm, g, = 80.000 kPa R¢=20.00 kN
- d, = 50.0 mm, f, = calculate from bond strength, d = _
4 Yes 5.28 1.40 4.00 106.40 1.50 s 450,00 Mly:’a 50.0 mm, g, = 80.000 kPa Rt =20.00 kN
- dg = 50.0 mm, fy = calculate from bond strength, d = _
5 Yes 655 ,,. 200 132.35 1.50 450.00 MPa 50.0 mm, g, = 80.000 kPa R¢=20.00 kN
- dg =50.0 mm, f, = calculate from bond strength, d = _
6 Yes 7.62 3.40 2.00 132.35 1.50 s 450.00 Mly?’a 50.0 mm, g, = 80.000 kPa Rt =20.00 kN
- dg = 50.0 mm, fy = calculate from bond strength, d = _
7 Yes 8.69 4.46 2.00 132.56 1.50 450.00 MPa 50.0 mm, g, = 80.000 kPa Rt =20.00 kN
- d, =50.0 mm, f, = calculate from bond strength, d = _
8 Yes 9.56 5.39 2.00 145.83 1.50 s 450.00 M)Ii"a 50.0 mm, g, = 80.000 kPa R¢=20.00 kN
- dg =50.0 mm, f, = calculate from bond strength, d = _
9 Yes 10.37 6.65 2.00 145.99 1.50 s 450.00 Mly?’a 50.0 mm, g, = 80.000 kPa R¢ =20.00 kN
- dg = 50.0 mm, fy = calculate from bond strength, d = _
10 Yes 11.11 7.95 2.00 145.99 1.50 450.00 MPa 50.0 mm, g, = 80.000 kPa Rt =20.00 kN
- dg =50.0 mm, f, = calculate from bond strength, d = _
11 Yes 11.87 925 2.00 145.83 1.50 s 450.00 M)Ii"a 50.0 mm, g, = 80.000 kPa R¢=20.00 kN
Water
Water type : No water
Tensile crack
Tensile crack not input.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent
Results (Stage of construction 3)
Analysis 1 (stage 3)
Circular slip surface
Slip surface parameters
X = 13.41 [m] aq = -72.91 [°]

Center : Angles :
z= 2.68 [m] ap = -8.01 []




Slip surface parameters

Radius : R

11.85 [m]

Slip surface after grid search.

Nails bearing capacity

Nail Bearing capacity [kN/m]

1 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10 5.88
11 0.00

Slope stability verification (Bishop)
Sum of active forces: F,= 363.00 kN/m

Sum of passive forces: F, = 649.41 kN/m

©CoOo~NOOAhWN

4301.60 kNm/m
7695.52 kNm/m

Sliding moment : M,
Resisting moment : M
Utilization : 55.9 %

Slope stability ACCEPTABLE

p

Name : Analysis |Stage - analysis : 3 -1

s/

4 S 5 2%
CRICRICK IR MR R o2 o
S R SRR KRR KK
SRR X XK XXX XX /5
A«Q&QA‘M ’2‘:4:?:20@

boSoteses
1202020202000 o e o te IS

13.¢
17.8
21.(
24.°
28.(
31.¢
35.(
38.4
42
45.5
49.(
52.4
55.9




Input data (Stage of construction 4)

Assigning and surfaces

= r = Ass]
No. Surface position Coordinates of surface points [m] smg_ned
X z X z soil
1 5.64 -1.47 0.00 -0.41 ]
877 000 -877  -1.40 °%
7.59 -3.37
2 9.91 -5.91 9.41 -5.16
7.59 -3.37 -8.77 -1.40
-8.77 -4.64 10.54 -6.93
3 11.84 919 11.37 -8.41
1054 693 -877 -464 %3
X X
X X
X ARKRARARARXRAXRXNK -
4 -8.77 -6.70 -8.77 -45.27
sge 4
28.48 -45.27  28.48 -40.27
2769 -38.91 2476 -34.91 NNty
X X
20.07 -27.91 18.37 -22.91
X X
17.04  -19.41 1549 1541 ANEIAGKIIIA
14.56 -13.92 12.56 -10.41
11.84 -9.19




Name : S

|Stage : 4

Nails
Nail | Start pt. | Length Inclination Spacing . . Nail head
No. o b [:1] I [m] al] b [m] Tension strength Pull out resistance strength
|t 0w gg 0 e im0 G- XL CREOIn O o
2 No 234 oo 400 10644 150 ds=52.500|"85n;\;{3: ‘gg'_‘(’,”,'ﬁﬁﬁ,fgjﬂ 23_“(?03‘?;‘3“"“ R;=20.00 kN
3 No 381 .5 400 10640 100 TOOOMM gg'_%”:ﬁ:ﬁifgzrz Do orength 4= Ry=20.00 kN
d e e e e 1w STUDTILS Seeionmesman e o
5 No 655 ,,0 200 13235 150 e o e o ke Re=20.00kN
C v g aw e . GTS0TL- clolsimommen ot gL
I e e g po s s STESITML: cholslonmasan o o
8 No 956 .0 200 14583 150 PTS00MM " gg'_‘(’)”:ﬁ:ﬁ'fg:”; Dord strength 4= Ry=20.00 kN
9 No 1037 o 200 14599 1s0 TOOOMM gg'_‘(’)”:ﬁ:ﬁ'fg:@ o orength 4= R;=20.00 kN
10 No 1141 , o5 200 14599 150 ds:sgsoofggn;\;;: gg'_%”,'ﬁrtﬁ,fg:”; o rength, 4= Ry=20.00 kN
11 No 1187 g,° 200 14583 150 %7°00MM Y= gg'_‘(’)”:ﬁ:ﬁ'fg:@ o orength 4= Ry=20.00 kN
Water

Water type : No water

Tensile crack

Tensile crack not input.

Earthquake

Horizontal seismic coefficient : K, = 0.1700




Vertical seismic coefficient: K, = 0.0000

Settings of the stage of construction
Design situation : seismic

Results (Stage of construction 4)

Analysis 1 (stage 4)
Circular slip surface

Slip surface parameters

X = 13.41 [m] aq = -65.82 [°]
Center : Angles :

z= 5.68 [m] ap = -6.33 [°]
Radius : R= 14.85 [m] |

Slip surface after grid search.

Nails bearing capacity

Nail Bearing capacity [KN/m]

1 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Co~NoOObhWN

10
11

0.00
4.73
0.00

Slope stability verification (Bishop)
Sum of active forces:  F,=  549.69 kN/m

Sum of passive forces: F, = 783.56 kN/m

8162.94 kNm/m
11635.87 kNm/m

Sliding moment : M,
Resisting moment : M
Utilization : 70.2 %

Slope stability ACCEPTABLE

p

Name : Analysis | stage - analysis : 4 - 1

18.1
225
27.0
31.1
36.(
40.1
45.(
491
54.(
58.1
63.(

5 67.

70

<55




