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Bar eith strands, [, = 3150 kN

Drilling bits Accessories (driIIing bits, sleevers, clamping nuts)
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Someinstallations

Val di Masdandslide
(Valli del Pasubio, VI)

Gisbentilandslide
(Valli del Pasubio, VI)

Cischeldandslide
(Recoaro Terme, VI)
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¢ Passive anchors: not pre-tensioned (no maintenance). Traction develops due to the
friction along the soll-bar interface, as the landslide move

¢ Self-drilling installation, higher resistance with minor cost, more adaptability to the
stratigraphy during installation, minor external impact

- Orinal slope Opemngquestions

— A What about thecorrect coupling bar
S strands?
Floating ~
plates A Which is thdoad distribution along the
bar?

Stable
bedrock

A Is the external plate large enough
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Numerical evaluationoot tractienvaithr BEEM
¢ Cischele landslide analized with FEM-3D and Strength Reduction Method (SRM)

¢ Without and with different lines of anchors

¢ Various water levels

~ Colluvium

Water table

T | —

Val Gardena Composite
Sandstone anchors:
1°groupe— s,
Bellerophon e
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Numericdl enaluaiton-ot tractenaithr BEEM
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Anchor Length [m] Align. A Align. B Align. C Align. D Align. E
Anchor’s number (Brezzi et al., 2021)

Research goal Y Set up of a monitoring system to measure and verify
the development of load over time in the anchors
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Labotaiorytests

Simple Har Compostitethar
Bar+ mortar + DFOS Bar+ strand+ mortar + DFOS

Bar R51
T o= 750kN
To 20—~ 600KN

OpticalFiber

Strandn ® c ¢
Tax = 261KN
T~ 235kN
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Hydraulic jack

BRUSen¥9 strain
cable @ 32mm)

PA outer sheath
with a grip
Stainless steel
tube

Multi layer buffer
Acrylate coating
Fiber core

- Strain range up to 1% ( 100680%

of 1550 nm

-

- Attenuation < 0.5 dB/km for a wavelengtt

- Max tensile strength at installation: 260 N

Luna OBR4600
(RayleighOFDR)

@3200um

@1000um

@600pm

@250um

One ended configuration
Sensing range: 70m2km
Accuracy: 4 0.1C

Spatial resolution: 228m ¢ 1mm

—
1 1

10
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Laboratorytests s0] /! 800 - /.
] Il ]
I ;
A Tensile traction 600 Single bar EA,;=241000 MN| . 600 EA=60000 MN
= / Composite bar EA_=269000 MN =
T oo ¢ © c
U I Oo0 - *% 400 % 400 -
: : : = 1 : : =
with (EA}), = equivalent stiffness of : Strain at DFOS in central :
. 200 - 20cm long portion 200 4 .
composite bar - Simple bar - Strain from
- Composite bar ] analogical
o~ o~ 0 \ o ] | | | | 1 micrometers
(O () Oo € ¢lo o 0 ] ! ! ! ! 0 Simple bar
where: 80__ Composite bar
0O =0 =201GPa % 5007 ___ Composite bar EA,,=269000 MN g
. < Single bar EA_.=241000 MN = %07
0 =1200 mm R \\ ——== |
o © 200 B
9 =140 mn3 g 1 ;‘E’ 40
7 k7 _
c P g ] -
(OO =241000 MN Single bar 100 - @ -
(00 = 269000VIN Composite bar R '
0 0.4 0.8 1.2 16 o 1 2 3 . s

Axial strain [%] Axial strain [%]

(Cola et al., 2019) 11
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Misure in llabotatofio

: i Load [KN] —%— 698 —a— 434
Simple bar Load [kN] —+— 753 —>— 436 Composite bar —+— 632 —m— 357
—v— 715 —=— 285 —*— 798 —<— 570 —o— 292
Bar S4 |—— 779 —— 583 —e— 130 Bar C3|—— 762 —— 498 —e— 147
20000 20000
| Locking Locking 1
nuts nuts ] Locki Locki
] | -Locking ocking
15000 - 15000 -~ Duts Anchorage nuts
. . length
El _ B :
.£ 10000 .£ 10000
© 1 © 1
& 5 _
5000 — 5000—_
O L L L T 0 AL L N L B B B B
100 120 140 160 180 200 220 100 120 140 160 180 200 220
Fibre coordinate [cm] Fibre coordinate [cm]

(Cola et al., 2019)
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P

2Ain-situ test at Giucanolandslide A Giucano (Fosdinovo, Toscana)
Activated in 2013, not stabilized even if some

Interventions were performed in the upper borde

Cumulate displacement (mm)

o . . )
a4 5 4 0 12 16,0
7 ,%?///‘ ////// ‘/,;‘ 2 I %ﬁrgs]]?;:y of the active D'IJ.'E' ..EI 3'. :.D :
4% / 7 & “ g : !
‘ /,//,/// 7, © <\ E Failure surface ' i i J
i : : I/
S Traction cracks (-7 A demmmmmm e e e 1:. ........
] I I
After 2014: E i i_,_/(
D Main injuries of the soil with ! 4]
g 5 both horizontal and vertical [ T R el EEEEEELE
- opening ; l l
— 1 1 |
//L"\\/)_\ Traction cracks §, i : |
£ 15 fi------ R e R
@ Small detachment niches % i | :
O ' : :
Water stagnation areas i : |
IS NN N A
Test ‘ Resurgence water i | :
f 1 1 1
| 1 ] 1
anchors ’)’. Retaining structure (2017) ' i : :
25 Al - - Inclinometer SB
"~ Installed composite anchors E 2018: 27/06-28/11
. i | 2014:14/03-06/06
020 40 8 120 160 200 i | i
30 'l Il L

13
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A 3 BarSirive® R76 Specidl (,=1159kN, 40 mlong)
Ap 006FN yom0d 2NJ c 0 Ql,NHEOKN Ot

-

=" Optical cableBRUser
@ strain V9, cemented in
2/ 0 1§ the bar with the strands
Sirivé® R76 Special A 8

=49 i) ’

*

% B =z

bt L

5or 6 Harmonic -

- steel strands

14
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2Ain-situ test at Giucanolandslide Each anchor is tensioned after the mortar has
hardened. Strain is measured after the hardening

A Mobilized lateral resistance: and 3 months later
2000 . |
ol 2 0 ] FA | Composite anchor n.1
n “O=— "“0— | | B Relaxation 27/06/2018 After pre-tension
Q1 & | 1500 - due tocreep ——— 08/10/2018

g=88 kPa
| Bedrock

This can be calculated in
the portions with
constant slope.

-

o

-

-
|

Axial strain [uz]

n
L
o

0 10 20 30 40
(Cola et al., 2019) 15
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2Ain-situ test at Fantonilandslide

Site: ContradaFantonj RecoaraMille (VI)
Landslideestension 57.000 n4

2 portions:uphill a rotetranslational movement, downhill
a slow creeping slope

¢ Material: coarsecolluvioumabove Vulcanic rock or

Limestone
B SE‘ N-NW S-SE
1030
IOIO- s Sia() _Stozione di moniloraggio Uphlll portlon
990 | apy SN2 " automatico

970 | wieass

Downhill portion

950
930 |
910 J
890 |

870 |

850 | ms.lm. it 1’: i 16
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2Ain-situ test at Eantonilandslige 7 composite anchorinstalled in Novembeb SOSYoS

¢ Optical cableBRUsen® strain V9,
Installed in double mode

¢ Optical cableBRUsen® temperature
only in anchor 5

Fiber cable (T)

Strand

Iniection tube

Fiber cable (g)

¢ BarSIRIVE® S76 driven upg® m in the stable
bedrock

¢ 4 strands
¢ Different lengths and inclinations

; E : 1
ANCORAGGIO 5 ANCORAGGIO 6 ANCORAGGIO 7 ‘ - l
L=24[m] L =30 [m] L =36 [m]
incl. = 15° * qyg incl. = 20° r,‘ i incl. = 20°
o~ - —— T —~~ -
. N St e N\ _ = S > -

o ;_‘\‘ g e~
S if"' :

g
=

ANCORAGGIO 1 : '-ﬂ ANCORAGGIO 2 --‘ ANCORAGGIO 3 | iaat £2| ANCORAGGIO 4

L =18 [m]
incl. = 25°

L =24 [m] L =30 [m] L=42[m]
incl. = 20° incl. = 15° oL incl. = 15°
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