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=2 Avalanches
=2 Rockfalls
= Landslides

&2 Debris, mud, or lava flows
& etc.

Photo by Alaska DOT&PF, via Wikimedia Commons (CC BY 2.0)
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@ Landslide stabilization
= Village in Trento, Italy

Landslide hazard

First signals of slope instability in 1976
In 1996 movement rate — 30-70 mm/month
@ Sliding plane at depth — 15,0-19,0 m

Solution

Two reinforced slopes: 15 and 60 m
Facing angle — 609
3.5 km of sub-horizontal micro-drains

Instrumental automatic monitoring (inclinometers,
piezometers, extensometers, magnetic settling-
meters and monitoring benchmarks)

B B B B
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@ Landslide stabilization
= Village in Trento, Italy
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@ Landslide stabilization
= Village in Trento, Italy
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@ Landslide stabilization
= Village in Trento, Italy
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@ Installation steps

1. Lost formwork 2. Erosion protection 3. Geogrids 4. Steel bracing bars
1] : 3] &
5. Filling and compaction 6. Wrap-around 7. Rest of fill and compaction 8. Repetition of steps
a a (7] a

a
Lo

1
|
|
1

e
layer thickness J{ e B
-
- -
2 layer thickness ]’ e

™
-
S
layer thickness o

# 6/03/2025 Landslide Embankment with Geosynthetics on E10 Halogalandsvegen




Case studies i) Geosyntia [ HUESKER

= Rockfall protection dam
@ Road in natural park Gesause, Austria

L3

'www.youtube.com/watch?v=V4i’7kAechE
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@ Rockfall protection dam
@ Road in natural park Gesause, Austria

m/watcﬁ?v=V4r7kAechE
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Case studies i3] Geosyntia

@ Rockfall protection dam
@ Road in natural park Gesause, Austria

www.yutube.com/watch?v=V4r7kAechE

slide Embankment wi etics on E10 Halogalandsvegen



Case studies 9] Geosyntia £:1 HUESKER

Ideen. Ingenieure. Innovationen,

@ Debris und flow catching dam
= Village in Malborghetto, Italy
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@ Slope stabilization for mud flows
@ Massa Martana, ltaly
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@ Slope stabilization for mud flows
@ Massa Martana, ltaly
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@ Rockfall protection dam
= Mountainous road in Torgiovannetto, Italy
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@ Rockfall protection dam
= Mountainous road in Torgiovannetto, Italy

Ingegneria con geosinteti
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. : : e
= Location of the site @s}i’ Mulficonsuit
= Part of the new infrastructural road project

PlanlagtTrase

== Tunnel

F Vei i dagen

www.google.com/maps/@68.5472518,15.7426101,773m/data=!3m1!1e3?entry=ttu&g_ep=EgoyMDI1MDMwMidwIKXMDSoASAFQAW%3D%3D

Google
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= Location of the site ZILI Mulnconsult
= View in summer =2 View in winter and avalanche locations

F
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@ Avalanche hazard estimation made by NGI

@ Locations of the protection dams

=2 Avalanche locations and velocities
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= Design of the protection dam @"% Multiconsult

= Qriginal and optimised design solutions

Avskjeerende groft.
Ewvt. stikkrenner
legges under voll

Tilbakefyllingsmodell
fra geotekniker

Vegmodell som viser
graving opplylling

Volimodell fra Eventuell motfyllingsmodell fra
geotekniker geotekniker
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2 Design of the protection dam @"% Multiconsult
@ Final design solution

Terreng etter digitalt kartgrunnlag

ECZH Ny vegfylling
EfAH Eksisterende vegfylling

i : Utgraving, helning 11,7
[/ Fylling av sprengstein Jraving 2

[/ Skredvoll Tilbakefylt med sprengstein, helning 1:2 -
[/ Fast sand —
/1 Morene —— Avskjzrende greff
-—
[/ Fast morene e
-~
-
/
i
-

Motfylling med sprengstein, helning 1:15-1:2
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@ Design of the protection dam (analytical, GGU-Stability)

= Assumptions for analyses

@ Results of the analytical stability analysis

16 | Comments: ) B GGU-STABILITY / Version 14.18 / 27.02.2024
1. The shear parameters of the "Berg” soil layer have been assumed and must be verified. Global Safety Factor Approach +1.57
2. The ai thetic rei nt shall be from exposure to UV-radiation Standard: DIN 4084:1981
by e.g. on, gabions, concrete blocks or panels or similar measures. Friction reduction due to geosynthetics are considered.
If a slope inclination exceeds 70°, special r may be required for a long-t Unfavourable slip circle 100 —
14 3. Stability and serviceability of the slopes and embankments outside the MSE walls fmn = 1.55
is out of scope of this design and must be verified separately ¥m=-3944m yn=9471m
4. All geogrid layers must be wrapped back by at least 1.5 m at the facing R=10523m
on both sides of the embankment. Wrap-around of the middle part of the damm is longer Nur Kreise mit: 1.55 < < 1.67
to provide full overlap between the main geogrid layers. 11.88(q) — mineta=155
- — maxeta =167 80
12 H soil o c Y Designati 23.75(q) eta (pull-out) = 1.5000
! [] kN [kNim? DeSgnation - MaRstabsfaktor Scherspannung = 0.100 Soil o c ¥ Designation
= 3800 1000 2100  Morene - 3563(a) | File: A2.2.2_Global Safety Approach_Bishop.boe [l [kNm? [kN/m7]
Emm 5000 10000 2600 Berg Date: 11.04 3024 = 3800 1000 2100  Morene
N 4200 000 19.00 Fillbackfil 47.50(q) 3000 100.00 26.00 Berg
< EEm 4200 000 19.00 Filibackfil
whk 59.38(q)
-
71.25(q) 60~ Comments:
- 1. The shear parameters of the "Berg" soil layer have been assumed and must be verified.
4Blmq) 2. The geosynthetic reinforcement shall be protected from exposure to UV-radiation
95.00(q) diation by e.g. ion, gabions, blocks or panels or similar measures.
8 — If a slope incli ds 70°, special may be required for a long-term vegetation.
< ,95.00(q) 3. Stability and serviceability of the slopes and embankments outside the MSE walls
— g
95.00(q) 40 —  is out of scope of this design and must be verified separately.
-+ 4. All geogrid layers must be wrapped back by at least 1.5 m at the facing
—\ 95.00(q) on both sides of the embankment. Wrap-around of the middle part of the damm is longer
6 - 7125(q) to provide full overlap between the main geogrid layers.
-
20 —
4
0k
2
0 =20 -
T
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GGU-STABILITY / Version 14.18 / 27.02.2024

Global Safety Factor Approach

Standard: DIN 4084:1981

Friction reduction due to geosynthetics are considered.
Unfavourable slip circle:

Nmn = 1.55

*n=-3944m yn=9471m
R=10523m

Nur Kreise mit: 1.55 <, < 1.60
— mineta=155

— maxeta = 160

eta (pull-out) = 1.5000

MaBstabsfaktor Scherspannung = 0.100

File: A.2.2.1_Global Safety Approach_Bishop.boe
Date: 11.04.2024
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Design of the protection dam (numerical, Plaxis 2D)
= Deviatoric strains (external) Deviatoric strains (internal)
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= Highest cross-section of the protection dam @E% Multiconsult

. . t -380 m t
Detail A Cross-section
o 3 D { o
o . o . o N ey EEISUTIRTITIND
® L) e L/ ' 3
0 ° o N / i
C] . ® ° e . R A 70° 700
e e e e e e L L —*(
e e e B
© 060 m L ° e e
e e ) . .. . ..
Cl e e e 150m ° e\, .-/ -, 9x Geogrid B
e 3 wrap around S )
o e o © o Geogrid B
o = —
e e e e e e ®EEN TR W
4 fill material e - mixture of. gravel - .
e e ° o ' -andtopsoil. . 7. )
e e e . . .
° ° ° Detail A
e € . B Y 10.00 m
e e e e - N * N ‘
full wrap around e e
e (side-to-side) ¢ ® e ©
=] e =3 =] =] Geogéld A 2 —=s
SRR 1320 m
® e ° . 2 e °© * eroslon profectign

e e e &..

13xGeogrid A
with full wrap around
(side-to-side)

" The depth should extend until the stiff -~ =~
; rock formation is reached, .
but not exceed 4.0 m o

steel rod bracing bar
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= Analysis of the in-situ soils (Moraine) as fill material @E% Mulriconsult
@ Physical and mechanical properties of laboratory tested materials

Lab%r:torv S::‘nf;e Soil type according to grain size distribution t‘g’:tt‘;:“c&:"] Labora- Sample name and soil Tk ¥k 0’k c'x Esk®
tory No. type [kN/m3] | [kN/m3] | [°] | [kN/m3] | [MN/m?]
Vatvoll Medium and coarse sand, highly gravelly, very
21810 (P 9750) slightly silty 12,16 VStvoll (P 9750)
o ) ) 21810 Medium and coarse sand, 18 5 10.0 42 5 0 > 80
21811 Vatvoll Gravel and sand, slightly silty 14,94 highly gravelly, very slightly ’ ’ ’
silt
21812 Karineset Fine and medium sand, highly gravelly, silty 31,36 4
(P 14150) ' ' '
21811 vatvoll 18,0 10,0 42,5 0 2 80
21813 Karineset Gravel and sand, slightly stony, slightly silty 13,21 Gravel and sand, slightly silty ’ ’ ’ =
Kvirberget . .
21814 (P 15500) Sand, gravelly, very slightly silty 16,24 Karineset (P 14150)
21812 Fine and medium sand 18,0 10,0 37,5 2,5 > 80
’ - . ,
21815 Kvirberget Sand, gravelly, silty, slightly stony 19,81 highlylgavellysily
21816 Plogvoll Gravel and sand, slightly stony, slightly silty 10,16 T ——
21813 Gravel and sand, slightly 18,5 9,5 40,0 0 2 80
stony, slightly silty
Dry density after compaction Wat
with 1x Proctor energy and arercons Grain density n
Labt’:‘r:tory S::;lpée o tent Kvirberget (P 15500)
b /cm3 .
B wn [%] ps [9/cm?] 21814 Sand, gravelly, very slightly 17,5 9,0 40,0 0 > 80
silty
Vatvoll
21810 1,837 12,16 2,66
(P 9750) ! ! ! Kvirberget
21813 Karineset 1,878 13,21 2,69 21815 Seral, grenelly, Sy, ehghidly 18,5 o2 3.2 23 =80
! ! ! stony
Kvirberget
21814 (P 15500) 1,753 16,24 2,67 Plogvoll
21816 Gravel and sand, slightly 18,5 9,5 40,0 0 2 80
21816 Plogvoll 1,850 10,16 2,71 stony, slightly silty
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@ Analysis of the in-situ soils (Moraine) as fill material
= Granulometry of laboratory tested materials
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= Analysis of the in-situ soils (Moraine) as fill material @m% Mulficonsult
= Granulometry of laboratory tested materials

Schldammkorn Sedimentation Siebkorn Siebung nach Nassvorbereitung Schlammkorn Sedimentation Siebkorn Siebung nach Nassvorbersitung |
Schluffkorn Sandkorn Kieskorn Schluffkorn Sandkorn Kieskorn
Feinstes Steine Feinstes . ) . ) . ) Steine
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/ 1
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| 7
S 80 ] 80 /]
= =
] rd / A
E 2 / y
E - ~ 70 | L —
s 70 v = =1 v
3 A | LI / A
° / g Be /]
3 60 fad 60
# / - A L
E ST .
v 50 / 50
! 7= g
H AT M
X 40 7 40
3 |~
= -
2 ¥
2 30 - 30 L
=
s s/ /
: 17 / /
@ 20 / 20
2 P2 U
' / L~
10 T y 10
L — 4
H [
| Lt _/
[} L L L1 L T L L1 I 0 = o | EEEY L L1 L
0.001 0.002 0.006 0.01 0.02 0.063 0.1 0.2 0.6 1 2 6 10 20 60 100 0.001 0.002 0.006 0.01 0.02 0.063 0.1 0.2 0.6 1 2 6 10 20 60 100
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=2 Construction "2 Multiconsult
= Preparation of the site and foundation platform
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= Construction "2 Multiconsult
= |nstallation of lost formworks, erosion protection, and geogrids
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= Construction @:w Multiconsult

= Placement and compaction of fill material at the front
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: iz
Construction @w Multiconsult
=2 Placement of fill material at the front
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‘Where = How
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