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Activity 3.1:

Landslide Hazard Assessment (LHA) at a regional scale based on
the adopted/ adapted methodology

Activity 3.4:

Slope stability analyses on natural and cut slopes in order to
propose preventive measures.

Scales: ™)

Regional (1:250,000 to 1:25,000) As defined in SafeLand project
Local (1:25,000 to 1:5,000) > (Corominas et al, 2013)

Site — Specific (< 1:5,000)
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The slope stability analysis was carried out by using the specialized
software GSTABL7 with STEDwin

This software has the ability of controlling automatically up to 5000
combinations of circular and polygonal plane surface of any shape, by

using limit_equilibrium methods such as Maodified Bishop, Simplified
Janbu etc.

In this case

It was used the modified Bishop method which uses the method of slices
to discretize the soil mass and determine the Fg (Factor of Safety).
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Modified Bishop’s Method:

« Assume some failure surface
* Discretize failure surface into smaller elements (slices)
« Calculate factor of safety for each slice (strength/stress)

and overall factor of safety y {mc’ + [(W/b) — um] tan gb’}

* Find lowest F for different failure surfaces FS = Y
- Y[(W/b) sina]
[—m—] B sin a tan ¢’
Y = cosa + s

8
7
6
l ~— [ /b
e
I E]/b
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Guidelines and Codes used:

» Wat
or

»r,=Y, /Y (ratio of

the pore pressure

over the total normal

stress)

The slope stability analysis was carried out r Table
geometrical cross section according to OMOE (

Engineering) and EAK/2003 (Hellenic Seismic Cg

Those regulations are in accordance with the )
Transport Planning instructions (Federal Highwz:
FHWA-SA-96-069R)

Required Factors of Safety:

Combination of Actions / Loads F; Required

1 Static (Permanent + Variable Actions / Loads) >1.40
2 Hydraulic (Permanent + Variable Actions / Loads + Extre(r)ne >1.30
hydraulic conditions corresponding to an event with a mean return
period of 50 years)
3 Seismic (Static conditions + earthquake, K,=0.08g, K = +0.04g) >1.0

given that PGA=0.16g for the examined area
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Natural Slope : Static Conditions

1290_m_Cut_14-15 _static
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y\backup 02-09-2014\disk z_0209201 d\epeuvnnia Trpoypapporaibsb_jop_scinetnathazprev_2013-15\andslides\greece\komotini-nymfaia_vertical axis\1207i_orygma_14-15\1207i_gstablo14-15_natural_c3.pl2 Run By: John Smith, X¥'Z Company 5/68/2015 1
100

t t T T

# F5 Soil  Seil  Total Saturated Cohesion Friction  Piez.
a 1.023|| Desc. Type UnitWt UnitWt Intercept Angle Surface
b No. (kN/m3) (kN/m3) (kPa)  (deg) No.
c Mantle 1 21.0 220 3.0 32.0 0
S Rock 2 250 25.0 100.0 35.0 0
f
g
h

i

50 —

Silty sand
y=22kN/m?3

p=32°
c=3.0 kPa

Gneiss

FS,, =1.023 < 1.40

3 y=27kN/m3
25 e 7 @=42° -
c=150.0 kPa
U | | | 1 |
30 55 80 105 130 155

GSTABLT v.2 FSmin=1.023

Safety Factors Are Calculated By The Modified Bishop Method
ssras. @i

180
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Geometry — Geoloqy of
014-14 cut slope

Silty sand
y=22kN/m?3

p=34°
c=3.0 kPa

Gneiss (Aniso)
Y=27kN/m?3
¢=30°
c=2.0 kPa

Gneiss (Aniso)
y=27kN/m3
@=42°
c=150.0 kPa
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Conditions: Static without any countermeasure
1207i_014-15 _Section_K29D_st
chusersiuserdesktop\1207i_finalh1207i_k2%9d_stpl2 Run By: Username 05/05/2015 04:45PM
260
! ! ! ! I I
# Soil  Soil Total Saturated Cohesion Friction Piez. Load Value
g Desc. Type Un'rt‘a'\i‘t‘. Un'rt‘a'\i‘t‘. Interce‘pt AngI? Surface Ll WP .
c wande 1 210 220 50 50 wi Silty sand
d Rock 2 264 270 Anise  Aniso w1
c y=22kN/m?3
230 H 7 o —2/0 -
| e =34
c=3.0 kPa
FSy =1.142<1.40 ! u=0.0
200 — —
170 —
[ Gneiss (Aniso
> Cneiss
@=30°
L1=20.0 kPa
c=2.0 kPa
10 |- - > el ru=0.0 T
7 2 2
80 | | | | 1 | | |
0 30 60 90 120 150 180 210 240 270

GSTABLT7 v.2 FSmin=1.142 |E?-29. 270.57
Safety Factors Are Calculated By The Modified Bishop Method
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Conditions: Static with countermeasures (nails / passive anchors)
1207i_O14-15 _Section_K29D_st
chusersiuserdesktop\1207i_finah207i_k29d_st.pl2 Run By: Username 05/04/2015 05:24PM
260 : : : : T T
# Soil Soil  Total Saturated Cohesion Friction Piez. Load Value
al. Desc. Type UnitWt UnitWt Intercept Angle Surface L1 WP
21- No. (kN/m3) (kW/m3)  (kPa)  (deg) ‘hfu. i
e tme ) ome @ oy MW Silty sand
1 = 3
20 H I Y=22kN/m 1
P2 (P=340
c=3.0kPa
- ru=0.0
200 FSSt _1.565 > 1-40 |
N
170 c |
Gneiss (Aniso
M y=27kN/m3 7
@=30°
L1=20.0 kPa
c=2.0kPa
10 —
L1 } : ru=0.0
- 73 10.0m long nails / passive anch
placed in 2.0x2.0 grid
20 I I I L 1 I I I
] 30 60 90 120 150 180 210 240 270

GSTABLY v.2 FSmin=1.565 7.3, 26274
Safety Factors Are Calculated By The Medified Bishop Method
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Conditions: Hydraulic with countermeasures (nails / passive anchors)

260

230

200

170

140

110

80

1207i_014-15 _Section_K29D_w
chusersiuserdesktop\12071_finah1207i_k2%d_w.pl2 Run By: Username 05/04/2015 05:23PM

— T\ o a0 oo 3

o aaasa=R

0 Lo T

t f f f T I
Soil  Soil Total Saturated Cohesion Friction Pore Piez. Load Value
Desc. Type UnitWt UntWt Intercept Angle Pressure Surface L1 W0 xPa

No. (kN/m3) (kN/m3) (kPa) (deg) Param. No.

Mandle 1 210 220 300 340 020 Wi S||tM sand
Rock 2 264 270  Anso Anso 015 Wi
y=22kN/m?
p=34°

c=3.0 kPa
ru=0.20

FS,, =1.342 > 1.30

Gneiss (Aniso

y=27kN/m?3

@=30°
L1=20.0 kPa
c=2.0 kPa
u SEEEES N\ ru=0.15 ]
- 3 10.0m Long soil nails placed in
2.0x2.0 grid
| | | | 1 | | |
30 60 90 120 150 180 210 240

270

GSTABLT v.2 FSmin=1.342 2194, 26535

Safety Factors Are Calculated By The Modified Bishop Method
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Conditions: Seismic with countermeasures (nails / passive anchors)

1207i_014-15 _Section_K29D_s
chusersiuserdesktop\1207i_finah1207i_k2%d_s.pl2 Run By: Username 05/04/2015 05:25PM

260 , ] ] ] T |
Soil Soil Total Saturated Cohesion Friction Piez. Load Value
Desc. Type UnitWi UnitWt Intercept Angle Surface L1 . 13'-:Fa‘
No. (kN/m3} (kN/m3) (kPa) (deg) No. Peak(A)  0.160(g)
Mandle 1 21.0 220 3.0 340 w1 kh Coef.  0.080(g)< i
Rock 2 264 270  Aniso  Aniss Wi kv Coef. 0.040{g)A Si Ity sand
= 3
230 H Y 22KkN/m _
p=34°

c=3.0 kPa

[ FS, =1.345 > 1.0 (=00

170 c

Gneiss (Aniso

140 2

y=27kN/m?3

@=30°
L1=10.0 kPa
c=2.0 kPa
10 . —
z i _ _ ru=0.0
7 772 10.0m Long soil nails placed in
2.0x2.0:grid
30 L L L L L L L L
0 30 60 90 120 150 180 210 240 270

GSTABLT v.2 FSmin=1.345
Safety Factors Are Calculated By The Modified Bishop Method

|h?0.94, 250.99 #58
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Natural Slope : Static Conditions

1290_m_Cut_21 _static

gi\backup 02-09-201 &\dizk z_02092014\zpeuvnmka TTpoypopparaibeb_jop_scinetnathazprev_2013-15\andslides\greece\komotini-nymfaia_vertical axis\1207k_orygma21\1207k_gstabho21_natural_c3.pl2 Run By: John Smith, XZ Company S/&/2015 10:08pp
00 T T T T T T

# F3 Soil  Soil Total Saturated Cohesion Friction Piez.
a 1.255(| Desc. Type UnitWt UnitWt Intercept Angle Surface
b 1.256 No. (kM/m3) (kM/m3) (kPa) (deg) Mo
© T2 Mante 1 210 220 30 320 0
d 1-f§f Rock 2 250 260 1000 350 0
e =ty
f 1.257
80 H o 1258 —
h 1.260
i 1.282

y=22kN/m?3
p=32°
c=3.0 kPa

60

40

FS,, =1.255 < 1.40

20 —

0 I I I I
30 50 70 90 110 130 150 170

GSTABLT v.2 FSmin=1.255

Safety Factors Are Calculated By The Modified Bishop Method
GSTABL?"
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Geometry — Geology of O21 cut slope

Gneiss weak
y=23 kKN/m?3
@=36°
c=30.0 kPa
Ru=0.0
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Conditions: Static without any countermeasure

1207k_0O1096 Section 1096_st_aopl
chusersluserdesktop\o32\o32\gsetable\1207k_B848_st_aoplplZ Run By: Username O0507/2015 02:06PM
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! ! : I I I I
Soil Soil  Total Saturated Cohesion Friction Piez.
Desc. Type Unit Wt UnitWt Intercept Angle Surface
No. (kN/m3} (kN/m3)  (kPa) (deg) Mo
rock_wea 1 230 240 30.0 35.0 W1

5 H

- k]
P
b b G b b B B P T

3 Lo BRI P £ 0 0 = (D
BRGNS RIE0

X

5

FS

45

35

15

N—

,=1.272<1.40! .

Gneiss weak
y=23 kKN/m?3
@=36°
c=30.0 kPa
Ru=0.0

9.7

19.7 29.7 39.7 49.7 59.7 69.7 9.7 89.7 99.7 109.7

119.7

GSTABLT v.2 FSmin=1.272 ||'13U-51. 85.15

Safety Factors Are Calculated By The Modified Bishop Method
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85

(5]

65

55

45

35

25

1207k_O1096 Section 1096_st_aopl
clusersiusendeskiop\o32\o32\gstable\1207k_848_st_oplpl2 Run By: Username 05/07/2015 02:10PM

—Toaoanoo
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o e e T
=11
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T T T
Soil Soil Total Saturated Cohesion Friction Piez.
Desc.  Type UnitWt UnitWt Intercept Angle Surface

No. (kM/m3) (kM/m3) (kPa) (deg) Mo
rock_wea 1 230 240 30.0 38.0 Wi

b

hh e b D

b e
€00 & inca g

b
il

FS,, =1.409 > 1.40

Gneiss weak
y=23 kN/m3
@=36°
¢=30.0 kPa
Ru=0.0

12.0m nails / rock anchors placed in
2.0x2.0m grid

9.7

19.7 29.7 39.7 49.7 59.7 69.7 9.7 89.7 99.7 109.7

19.7

GSTABLT v.2 FSmin=1.409 [p205.76.74

Safety Factors Are Calculated By The Modified Bishop Method
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Conditions: Hydraulic with countermeasures (nails / passive anchors)

1207k_0O1096 Section 1096_w_aopl

chusersiuseridesktop\o32\o32\gstable\1207k_B848_w_oplpl2 Run By: Username 0%/07/2015 02:15PM

8 ] ] ] ] | | | |
# FS Soil Soil Total Saturated Cohesion Friction Pore Piez.
a 1.308 Desc. Type UnitWt UnitWi Intercept Angle Pressure Surface
b 1.308 Mo, (kN/m3) (kN/m3) (kPa}  (deg) Param No.
138 ok wea 1 230 240 00 30 010 Wi
d 1.321
e 1.321
I O B —
5 Mg
h 1.330
i 1.332
_ o
«( FS, =1.308 > 1.30 :
55 T
Gneiss weak
y=23 kN/m3
15 @=36° .
c=30.0 kPa
Ru=0.10
35 i
- 12.0m nails /rock anchors placed in i
2.0x2.0m grid
15 | | | i i | | | | |
9.7 19.7 29.7 39.7 49.7 99.7 69.7 79.7 89.7 99.7 109.7 19.7

GSTABLT v.2 FSmin—1.308 po-45,89.16

Safety Factors Are Calculated By The Modified Bishop Method
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Conditions: Seismic with countermeasures (nails / passive anchors)

85

75

65

55

45

35

25

1207k_O1096 Section 1096_s_aopl
clusersiuzendeskioplo32\o32\gstable\1207k_848_s_oplpl2 Run By: Username 05/07/2015 02:18PM

Cm@ e Ao T e

e e e

! I ! ! I T I
F3 Soil Soil Total Saturated Cohesion Friction Piez. Load Value
300 Desc. Type UnitWt Unit Wt Intercept Angle Surface|| Peak{4) 0.180(g)
-300 No. (kN/m3) (kN/m3)  (kPa) (deg)  No. kh Cosf. 0.080(g)<
;g; rock_wea 1 23.0 24.0 300 380 WA kv Coef.  0.040(g}A
205
306
32
318
37

FS, =1.30 > 1.0

Gneiss weak
y=23 kN/m3
@=36°
¢=30.0 kPa
Ru=0.0

12.0m nails / rock anchors placed in
2.0x2.0 m grid

9.7

19.7 29.7 39.7 49.7 59.7 69.7 79.7 89.7 99.7 109.7

19.7

GSTABLT v.2 FSmin=1.300 2907, 7284

Safety Factors Are Calculated By The Modified Bishop Method
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FLAC3D 5.00

82012 Itasca Consulting Group, Inc.
Step 0
241022015 18:18:21

Parameters — Input data:

*Modulus of elasticity: 600 MPa

FTone . .
Cairy:Srous  Any *Poisson ratio: 0.2

*Bulk modulus: 333 MPa
*Shear modulus: 250 MPa
*Friction angle: 36°
*Cohesion: 30 kPa
*Tension limit: 30 kPa

3D Geometry
021 cut slope
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Conditions: Static — 3D Geometry convex cut slope
FLAC3D 5.00

E2012 ltasca Consulting Group, Inc.

Step 4344
07/05/2015 18:32:43
Contour Of Displacement sy =
75910802 | FSSt_3D 1.24 <1.27 FSS'[_ZD
7.5000E-02
7.0000E-02
6.5000E-02

5.0000E-02
5.5000E-02

5.0000E-02
4.5000E-02
4.0000E-02
3.5000E-02
3.0000E-02
2.5000E-02
2.0000E-02

1.5000E-02
1.0000E-02
5.0000E-03

0.0000E+00

Factor of Safety
WValug = 1.24
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Cut Slope 032 : km: 21+300 — 21+460

Hellenic — Bulgarian
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Geometry — Geology of Cut Slope 032

Gneiss weak
y=23 kKN/m?3
@=36°
c=30.0 kPa
Ru=0.0

Black yea
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Conditions: Static without any countermeasure
1207k_ Section 1096_st_aopl
clusersiuserideskioplo32\o32\gstable\1207k_848_st_aoplpl2 Run By: Usemame O0S/OT/2015 02:21PM
& ] ] ] T T T T
# Soil Soil Total Saturated Cohesion Friction Piez.
a Desc.  Type Unit Wt UnitWt Intercept Angle Surface
b No. (KN/m3) (kM/m3) (kPa) (deg) No
g rock_wea 1 230 240 300 380 w1
75 1 1 —
9
n
I
654 —
( FS, =1.278 <1.40!
55 —
Gneiss weak
y=23 kKN/m?3
45 @=36° -
¢=30.0 kPa
Ru=0.0
35 —
25 —
15 | | | | | | | | | |
9.7 19.7 29.7 39.7 49.7 59.7 69.7 79.7 89.7 99.7 109.7 119.7

GSTABLT v.2 FSmin=1.278 873 8936 %9

Safety Factors Are Calculated By The Modified Bishop Method
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Conditions: Static with countermeasures (nails / passive anchors)

85

75

65

55

45

35

25

1207k_0O1096 Section 1096_st_aopl
clusersiuzerdeskiop\o32o32\gstable\1207k_848_st_oplpl2 Run By: Username 05/07/2015 02:24PM

—Twaoanoo

Soil Soil Total Saturated Cohesion Friction Piez.
Desc.  Type UnitWt UnitWt Intercept Angle Surface

No. (kN/m3) (kN/m3)  (kPa) (deg)  No.

rock_wea 1 230 240 30.0 35.0 w1

Gneiss weak
y=23 kN/m3
@=36°

C=30.0 kPa
Ru=0.0

12.0m nails / rock anchors placed in
2.0x2.0 m grid

9.7

19.7 29.7 3.7 49.7 5.7 69.7 9.7 89.7 99.7 109.7

19.7

GSTABLY v.2 FSmin=1.434 1.30,89.36

Safety Factors Are Calculated By The Modified Bishop Method
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Conditions: Hydraulic with countermeasures (nails / passive anchors)

1207k_01096 Section 1096_w_aopl

cousersiusendeskiop\o32\032\gstable\1207k_848_w_oplpl2 Run By: Username 0S/07/2015 02:27PM

85 ] ] ] ] T T T T
# F5 Soil Soil Total Saturated Cohesion Friction Pore Piez
a1.324 Desc.  Type Unit Wt UnitWt Intercept Angle Pressure Surface
b 15@2 No. (kM/m3) (kW/m3) (kPa) (deg) Param.  No.
;’ :1' ;f; rock_wea 1 23.0 24.0 30.0 36.0 0.10 W1
g1 :A’f
75 H f 1342 —
g 1.343
h 1.348
i 1349

65

FS, =1.324 > 1.30

55 —
Gneiss weak
y=23 kN/m3

45 (p=36° -
C=30.0 kPa

35 Ru=0.10 i

25 12.0m nails / rock anchors placed in .

2.0x2.0 m grid
15 | | | - - | | | \ \
9.7 19.7 29.7 39.7 49.7 59.7 69.7 79.7 89.7 99.7 109.7 19.7

GSTABLY v.2 FSmin=1.324 38.94,88.03#10

Safety Factors Are Calculated By The Modified Bishop Method
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Conditions: Seismic with countermeasures (nails / passive anchors)

85

75

65

55

45

35

25

15

1207k_01096 Section 1096_s_aopl
clusersiuseridesktopio32\032\gstable\1207k_2848_s_oplpl2 Run By: Username 05/07/2015 02:30PM

a 1.287 Desc. Type UnitWt. UnitWt Intercept Angle Surface Peak(&)  0.160(g)

F3 Soil Soil  Total Saturated Cohesion Friction Piez. Load Value

1.301 No. (KW/m3) (KN/m3)  (kPa) (deg) Mo kh Coef. 0.080(g)<
13010 rock_wea 1 230 240 0.0 380 Wi kv Coef.  0.040(g)

Gneiss weak
y=23 kN/m3
@=36°
C=30.0 kPa
Ru=0.0

12.0m nails / rock anchors placed in
2.0x2.0 m grid

9.7

19.7 29.7 397 49.7 59.7 69.7 79.7 89.7 99.7 109.7

19.7

GSTABLT v.2 FSmin=1.287 7.80,84.74

Safety Factors Are Calculated By The Modified Bishop Method
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FLAC3D 5.00 Parameters — Input data:

S oo -Modulus of elasticity: 600 MPa
Zone *Poisson ratio: 0.2

Colorby: Group  Any

Default

*Bulk modulus: 333 MPa
*Shear modulus: 250 MPa
*Friction angle: 36°
*Cohesion: 30 kPa
*Tension limit: 30 kPa

3D Geometry
032 cut slope
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Conditions: Static — 3D Geometry concave cut slope

FLAC3D 5.00

©2012 ltasca Consulting Group, Inc.

Step 4002
07/05/2015 17:13:25

Factor of Safety
Valug =1.35

Contour Of Displacement
1.1585E-01
1.1000E-01
1.0000E-01
9.0000E-02
8.0000E-02
7.0000E-02
6.0000E-02
5.0000E-02
4.0000E-02
3.0000E-02
2.0000E-02
1.0000E-02
0.0000E+00

FSq 30 =1.35 > 1.28= FS; 5o

Black

CROSS BORDER
COOPERATION
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