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Safety is our nature

g Progettazmne di barriere contro colate detritiche e frane
ﬂ # superficiali. Sperimentazione in vera grandezza e verifica
strutturale tramlte software dedlcato




CARATTERISTICHE ceosrucc A\
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Il tema e di grande attualita
(Messina, Vernazza, Garfagnana, Livorno)
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Pericolosita Sintetica

—A T
Mappe di W e
pericolosita

Monitoraggio tramite geofoni
e sensori sismici
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UALITA SISTEMI ceosrUGG A\
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Prestazione delle barriere presenti sul mercato?
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COS’E UN DEBRIS FLOW? ceoeruce A\

Safety is our nature

Caratteristiche

» Flusso canalizzato di materiale
(solido + acqua)

» Misto di material roccioso, terreno,
tronchi, rami, etc

» Velocita finoa 10 - 15 [m/s]
» Volumi > 500 [m?]
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Colata detritica

» Densita : 1600-1900 kg/m3 » Densita : 1900-2300 kg/m3
» Maggiore velocita: 3 — 10 m/s » Minore velocita: 3—7 m/s
] !

A landslide

rock fall A ‘coarse particles

fine particles

| 11 |
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PRESSIONE O ENERGIA? ceosrucc A\
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Art. 12 Barriera frangicolata

La barriera paramassi del tipo ad elevato assorbimento di energia, deformabile, deve essere prodotta in regime di
qualita ISO 9001 e in possesso di BTE (Benestare Tecnico europeo) e di marchio CE, certificata, a seguito di
prove in vera grandezza “crash test”, secondo le modalita di prova indicate dalla Linea Guida Europea ETAG
027.

La barriera ¢ di classe 6 (sei) con assorbimento di energia non inferiore a 3.000 kJ e presenta un’altezza pari a 5
m.

| 13 |



PRESSIONE O ENERGIA? GeoBRUGG A\
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Cosa c’e in comune?

Pressione di impatto Energia di impatto

ascal oule

[KN/mq[]



BARRIERE DEBRIS FLOW g@m«i\
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Barriere poste in alveo
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1996: Test presso USGS in Oregon with rete ad anelli
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CONTESTO STORICO ceosrucc A\
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1998: Evento di Debris flow a Aobandani, Giappone

| 17 |
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2002: Prima progettazione interna preliminare / FARO

Eidgenéssische Torschungsanstalt WSL

Institut fidiral de recherches WSL
Istitute federale di ricerca WSL
Swiss Federal Research Institute WSL WSL

Technical report TB 228.01

Estimation of debris-flow impact

on flexible wire rope barriers

Prepared for:

Fatzer AG, Geobrugg
Salmsacherstrasse 9
CH-8590 Romanshorn 1

Prepared by:

Dr. Dieter Rickenmann
Swiss Federal Research Institute WsL
Department of Natural Hazards
\Water, Soil and Rock Movements
Zlrcherstrase 111
8903 Birmensdorf
Switzerland

0
O

3
AR

RN
AR
6{.& \.\\\\\ \‘%
Wittt
AR

’/J
2

2o,
A LA

7
7

2 2N
N
3 NS
NN
RN

AN

CL
TAAL
I

44
4998,

7L
Sl
e

744447

9444

7
794,
2494

AN\

waenr

7

X
RN
e

AN '.\“‘ p;
A AN
SNSRI
R R
e LK R S
SRR RN

e
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2004: Primi progetti: Protezione tombinatura Gaviota Pass
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2003: Villar Pellice (Torino) — Impattata nel 2010




RICERCA E SVILUPPO ceosruce A\
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2005: Inizio del progetto KTI-Project in collaborazione con WSL

00 3H,
.'. '/’ .0-‘051. )
. - ~ an
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1:1 test sul campo Modelli numerici Test di laboratorio

Ottimizzazione della struttura della barriera flessibile

| 22 |
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In Svizzera non c’e solo formaggio e cioccolato!
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VALLE DI ILLGRABEN

A A 4

A A 4

Fiume Rhone
Area di deposito del

flume lllbach

Posizionamento barriera
debris flow per | test

Check-dams and
controlled river border

Fiume lllbach
Area di ricarica materiale

detritico

GEOBRUGG"A\

BRUGG

Safety is our nature
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BACINO DI ILLGRABEN gE;BR“G@A\

Safety is our nature

Caratteristiche principali del bacino di lligraben

Area 10.5 km?
Copertura del suolo
Roccia, materiale detritico 25%
Foresta 30%
Vegetazione aperta 43%
Laghi 2%
Punto piu elevato 2790 m ASL
Punto piu basso 610 m ASL
Esposizione N
Pendenza media del torrente 16%
Pendenza media del fan 10%

Lunghezza dell’asta principale 2.6 km

| 25 |



ILLGRABEN VALLEY @BRUWA\
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Perché a lllgraben?

. . < 7 3
Area molto attiva e costante "o O 5000 m
negli ultimi 100 anni 5 75.000 — 250.000 m?
1 500.000 m3

5 — 6 eventi di colate
Ogni anno!




ILLGRABEN VALLEY g@BﬂUﬁ@A\
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1961: Debris flow di ~500 000 m?3
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1:1 TEST IN VERA GRANDEZZA %'53"““°°°A\
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Video camera
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PIATTO DINAMOMETRICO PER ~ geosmuccA
MISURARE LE PROPRIETA
DELLA COLATA

4 trasduttori per misurare I'azione causata dal flusso della colata
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DETTAGLI BARRIERA @BRUWA\
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Sistemi frenanti Ancoraggi
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CAMPO PROVA- BARRIERA E@B““GGA\
DEBRIS FLOW

VX — Barriera in rete ad anelli;. STRUMENTAZIONE

Celle di carico con racccolta
dati integrata

| 34 |



MISURAZIONEI PRE/POST EVENTO@"““WA\
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Volume trattenuto - Volume = 1000 m3

| 35 |



GEOBRUGG®A\

BRUGG

Safety is our nature




GEOBRUGG®A\

BRUGG

Safety is our nature
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Utilizzo di materiali differenti, diverse dimensioni della maglia,
differenti barriere e diverse larghezze di base

Force [N]

0 1'000 2'000 3000 4000  5'000 6'000 7'00
Time [s]

Contenuto solido: 55 %
dgo: 30 mm Innesco del materiale: 50 |
Contenuto d’acqua: 45 % Barriera: rete con maglie 3 cm

| 38 |



DIMENSIONAMENTO DELLE E@B““GGA\
BARRIERE DEBRIS FLOW

Aspetti concettuali per il dimensionamento

mmmmmm

Trattenuta del materiale

Riempimento

Tracimazione della barriera

| 40 |
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\_/Safety is our nature
SVILUPPO DI UN MODELLO DI

CARICO
hy
Altezza basale k '
e

1. Pressione primo impatto
e e T T T T T T T T T T T T T T T T T e T T e T T e T T T e e T T e e e T T e e e e T T T

cy= 1.0 > fango [FN7 1€2 pghy? +  (Cgpu?hy
m

Cq = 2.0 = detrito (Armanini et al. 2000)

| a1 ]



APPROCCIO DI RICERCA — caomnuce Ak
SVILUPPO DI UN MODELLO DI
CARICO

2. Pressione Il impatto

TRACIMAZIONE
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Scenari di calcolo considerati:

GEOBRUGG“’A\

GGGGG A

Safety is our nature

4)

Sovrapressione

+
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BARRIERE VX @BRUGG“A\
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__ Aezza___larghezza

VX

VX080-H4 2-4'm Finoal5m
VX140-H4 2-4'm Finoal5m
VX100-H6 3-6m Finoal5m

VX160-H6 3-6 m Finoa 15 m




BARRIERE VX gEyOBRUG@A\

Safety is our nature

___ |Aezza______larghezza

VX080-H4 2-4m Finoa 15 m
VX140-H4 2-4m Finoa 15 m
VX100-H6 3-6m Finoa 15 m
VX160-H6 3-6m Finoa 15 m

VXI080{H4 Altezza
> standard

Modello

Pressione di impatto [kPa]

| 45 |



BARRIERE UX géyoBRUGG“A\

Safety is our nature

_ Aezza _laghezza

UX

UX100-H4 2-4m Finoa 25 m
UX160-H4 2-4'm Finoa 25 m
UX120-H6 3-6m Finoa 25 m

UX180-H6 3-6m Finoa25m




BARRIERE UX ceosrucc A\
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__ Aezza __larghezza

UX

UX100-H4 2-4m Finoa 25 m
UX160-H4 2-4'm Finoa 25 m
UX120-H6 3-6m Fino a 25 m
UX180-H6 3-6m Finoa 25 m

P (i SLEROETD) = COATROWENTI a2 mam
S PCRIAE + 1 AL GAETH J COM ASDLA FRERAATE A
a2 m GOORRER /
e
¥
_
i |
-
B [ BPRORTI BPERICEE |
L B ETA ol ey COE Y e

Al .~ MONTANTI DI SUPPORTO
| |
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Sistemi leggeri

. |Altezza  |larghezza
VX

VX060L-H4 2-4 m Finoa 10 m

UX

UX060L-H4 2-4m Finoa 20 m

NO TRACIMAZIONE

| 48 |
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Certificazione della qualita dei materiali e dei processi produttivi
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Protezione dell’'erosione spondale
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APPLICAZIONI ceosruGG A\
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Recupero letto originale




APPLICAZIONI ceosruGa A\
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Protezione dall'intasamento di culverts
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APPLICAZIONI ceosruc A\
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A7 KM91 (GE) - UX120-H6

Ampiezza max. 15 m
Ampiezza min. 10 m
Altezza 5 m

Volume d’invaso: m3 1500 | 56 |
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RIO VERNAZZOLA - Barriera 2 - UX180H6

A =50 mq N° Anc.: 28 + 6 (C_ monte) +1 (C_latera'e) RIO VERNAZZOLA - Barriera 2 - UX180H6 VISTA DALL'ALTO

A=50mqg N°Anc.: 28 + 6 (C. monte) + 1 (C.laterale)
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MANUTENZIONE/RIPRISTINO ggm«i\
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Attenzione alle funi e ai componenti
- I SISTEMA € IN TENSIONE!

1. Rimuovere il 2. Detensionare le funi 3. Rimozione materiale
profilo antiabrasione

| 60 |
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PROGETTAZIONE ceosrucc A\
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Norme per la progettazione

Di prodotto - EAD Di progetto

NTC e Eurocodici




EAD 340020-00-0106 ceosrucc A\

Safety is our nature

Nuova norma di prodotto - EAD
EUROPEAN ASSESSMENT DOCUMENT

Linee guida Europee (EAD) per la valutazione di
barriere contro le colate detritiche e contro le frane
superficiali.

| 63 |
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EEgBRUGG“’A\
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Basic Works Requirement 1: Mechanical resistance and stability

1 Maximum impact pressure 221 p= (kM/mM*)
Filled height of the net after

2 | gingle filling steps and after the 222 2y (m)
complete filling

3 | Forces on cablesfanchors 223 F (kM)

4 | Maximum elongation of net 224 & (m)

o | Residual height of the kit 225 hs {m)

Pressione di

Impatto

| 65 |




EAD 340020-00-0106 ceosrucc A\
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Scopo del EAD, uso previsto delle barriere,
struttura del sistema

Caratteristiche essenziali deli metodi di test
e metodi valutazione della resistenza

Valutazione e verifica della consistenza della
performance

| 66 |
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Mo Essential characteristic Assessment method Type of expression of product
performance
Basic Works Requirement 1: Mechanical resistance and stability

1 Maximum impact pressure 221 p= (kM/m?)
Filled height of the net after

2 | gingle filling steps and after the 222 Zy(m)
complete filling

3 | Forces on cables/anchors 223 F (kM)

4 | Maximum elongation of net 224 & (m)

5 | Residual height of the kit 225 hr {m)

6 | Durability 226 De=acription

| 67 |



PROGETTAZIONE ceosrucc A\
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Norme per la progettazione

Di prodotto - EAD Di progetto

NTC e Eurocodici




PROGETTAZIONE cEoerUGG A\
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Norme di progetto

Sovrastruttura Sottostruttura




SOFTWARE ON-LINE ceosrucc A\
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‘ a | Switzerland | EN ~ | Logout | Contact | Downloads | News | & myGeobrugg

GEOBRUGG'A

Safety is our nature

GG G SECTORS & APPLICATIONS  SYSTEMS | PROJECTS | GEOBRUGG

A comgany of the BRUGG Group

Software
Only accurately dimensioned systems will provide reliable protection against natural hazards. That is why we utilize software that we have verified and calibrated through our 11
field tests. To dimension our systems we provide the following software:

RUVOLUM® SPIDER® DEBFLOW
Slope stabilization systems TECCO® SYSTEMS and Rock protection systems with SPIDER® wible ring net barriers against debris flo
SPIDER®

Manual EN

DEBFLOW

HALLOW
barriers against shallow |zad€lides 70




DESIGN GeoBRUGG A\
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Design Software Tool
DEBFLOW



ONLINE TOOOL ceosnucc A\
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<« & ‘ & Sicuro | https://www.geobrugg.com/index_en.html &
GEOBR“GG’A\ | Searchterm Q | Switzerland + | EN v | Contact | Downloads | Ne @
BRUGG .~ —_—
T safety is our nature i Registration

A company of the BRUGG Group o g Do you have personal login information?

> ; - Register now

Forgot your password?
1 |

SAF STEMS\MADE OF-HIGH-
E

&an m us

\ n"d ) \
WL e

Just three clicks to more safety

1. SECTORS 2. APPLICATIONS v 3. SYSTEMS

\ = ‘.

A G —— i
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ONLINE TOOL
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GEOBRUGG’A

_BRUBE/

| Searchterm Q |
T Safety is our nature

A company of the BRUGG Group

Switzerland « | EN = | Logout | Contact | Downloads | News | & myGeobrugg

SECTORS & APPLICATIONS | SYSTEMS | PROJECTS | GEOBRUGG
Home

Welcome to myGeobrugg! As a registered user you have extended access:

= {

——
Dimensioning Tools i
PROJECT DATABASE DOWNLOADS DIMENSIONING TOOLS
Find our solutions in projects all over the world. Extended access to drawings and other documents. Use our software and design our systems for slope
more more stabilization, debris flow barriers and for shallow
landslides.
more
. CONTACT US
GEOBRUGG A E n .
T Safety is our nature

ps.//www.geobrugg.com/applications_en.htmi

Company* ‘
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ONLINE TOOL gEyOBRUG@A\

Safety is our nature

‘ a | Switzerland | EN ~ | Logout | Contact | Downloads | News | & myGeobrugg

GEOBRUGG‘A
unuaa
' Safety is our nature

SECTORS & APPLICATIONS  SYSTEMS | PROJECTS | GEOBRUGG

A comgany of the BRUGG Group

Software
Only accurately dimensioned systems will provide reliable protection against natural hazards. That is why we utilize software that we have verified and calibrated through our 11
field tests. To dimension our systems we provide the following software:

RUVOLUM®= SPIDER® DEBFLOW
Slope stabilization systems TECCO#® SYSTEMS and Rock protection systems with SPIDER® sible ring net barriers against debris flo
SPIDER®

Manual EN
Manual EN

DEBFLOW

SHALLOW
Flexible barriers against shallow landslides 74
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Sovrastruttura Sottostruttura




SOTTOSTRUTTURA ceosrucc A\
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Ancoraggi funi/controventi e barre d’ancoraggio

hex nut
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anchor plate

*
threadbar
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SOVRASTRUTTURA ceosnucc A\
Software DEBFLOW

Geometria

s
5
4
2
1
0
0 2 4 5 8 10 12 14 16 1 20 22 2%
I Geometry

Modello di barriera adatto

7\

Dimensioni Pressioni di N° di barriere
Impatto

Volume

~ Ansicht Variante C (ab Kote 1025)
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Dati di input

Materiale Volumetria Portata
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VOLUMETRIE

Tipologia di colata e densita

Input Parameters

[ Type and density of the debris flow

GEOBRUGG“A\

BRUGG

Safety is our nature

Load case 1 Load case 2 Load case 3
Type of debris flow (granular or mud flow) Type granular mud flow L no load caze v J
Density of the debriz flow material p= 2200 1800 = 1900 | [ kg/m3]
Specific weight of the debris flow materizl y= 21.6 17.7 [kN/m3]
Water content = 0.27 0.52

Granulare: p = 1900 — 2300 kg/m3

Fangosa: p = 1600 — 2000 kg/m?3

!

Coefficiente cd piu alto

!

Coefficiente cd inferiore
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DIMENSIONAMENTO

Volume del debris flow e numero di pulsazioni

L Debris flow volume and number of waves

GEOBRUGG“A\

BRUGG

Safety is our nature

Load case 1

Load case 2

Load case 3

Total debris flow velume (incl. water) Viot= W@ W@ W@ [m3]
Number of waves M= 3 @ 3 @ 3 kij

Velume per wave (average) V= 333 333 333 {m3]
Veolume of first wave (recommended) VN1, rec= 500 500 500 [m3]
Volume of first wave (chosen) ViNi= Wt:j [m3]

3000 @

3000 @

Volume della colata:

Numbero di onde;

Volume della prima onda:

Potete definirla

[min 100 ; max 10‘000] m3
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PORTATA DI PICCO

Formulazione di Rickenmann

[ Peak discharge

GEOBRUGG“A\
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Load case 1 Load case 2 Load case 3
Peak discharge (acc. to Rickenmann) Qp.rec= 69.6 69.6 69.6 [m3/s]
Peak discharge (chosen) \ Qp= 50 : 50 : 50 %‘ [m3/s]:
Impostate liberamente il valore
Valori della portata di picco secondo Mizuyama et al.:
« Q=0.135*\V0.78 per flussi granulari (Qp,d = 5 m3/s — 30 m3/s)

« Q=0.0188*\/0-7 per flussi fangosi (Qp,d = 1 m3/s — 5 m3/s)
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l széw factor

Globzl safety factor SF= 1.0 L2
Tempo di Tempo di Tempo di
(tOrno ritorno ritorno > 100
_ anni

1-30 anni 30-100 anni

O 1

Q

)]

&

o E 1.2

©

@

5

s 2 1.2




GEOMETRIA DELLA BARRIERA gE}""““"\
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l Barrier Location No. 1

V] active — ATTIVARE BARRIERA

[ Geometry of barrier location

System height HO,1= 4.0 -] [m] <

Width of torrent on the level of the bottem support ropes bu.1= ﬁi [m] <«

Width of terrent en the level of the top support ropes bo,1= 15.0 = | [m] <
|Distance to the next barrier upstream Lo,1=

Ampiezza in sommita:
6.0 ; 25.0] m
ol — )

, Altezza del sistema:
: [2.0;6.0] m

L g Ampiezza alla base:

1 [4.0;12.0] m | |

ﬁ

. Geometry
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L
|D‘i5‘tEHEE~ to the next barrier upstream Lo, 1 l5_[_'] Ii] [m] |

L,;,<10m

60 % di riduzione della

velocita a causa del risalto




VOLUME TRATTENUTO gEgBR“WA\
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l Torrent inclination and retention volume

System height of the filled barrier Hi.1= 3.0 [m]
Average torrent inclination upstream of the barrier 18 | : (%]
Deposition inclination of filled barrier (acc. to Rickenmann) I's,1,rec= 12.0 (%]
Deposition inclination of filled barrier (chosen) 12.0 j (%]
Angle between ring net and river bed E= g4.8 (o]

Length of depositad material behind barrier Li= S1.1 [m]
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Distanza Inclinazione

barriere alveo_e
deposito

Geometria
sezione

¥

Volume trattenuto

Length of deposited material behind barrier Li= 51.1 [m]

Retention volume Vr, 1= 955 [m3]
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0 - ' /
=

Distanza con la successiva
barriera a monte

L Lunghezza del deposito a monte

‘/; =05 hb 1F oy 5 bm = h’b H/ 'h'b | .bm =l e ]2,;)2 : bm - 81N <£) (tansglg)(f>®l) ;|8— CcOS (6))
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l Geometry of barrier location

Systemn height Hoz = 4.0 = [m]

Width of torrent on the level of the top support ropes bg,2 = 15.0 2| [m]

Width of torrent on the lavel of the bottom support ropes by 2 = 10.0 = [m]

Distance to the next barrier upstream Q,z = EiCILD 421 [m
1=

L, , distanza barriera piu a monte | > |L,distanza del materiale depositato

4 &
l Torrent inclination and retention volume

System height of the filled barrier Hi2 = [m]
- Average torrent inclination upstream of the barrier Iz 2= [%a] 10
Deposition inclination of filled barrier {acc. to Rickenmann) I's 2 rec = [%a] 70
: Deposition inclination of filled barrier (chosen) I's2= [%a]

0 Angle betwsen ring net and river bed =

Length of deposited material behind barrier (

Retention volume Vrz =

[o]
[m]

[m?]

OTTIMIZZATE IL VOLUME ACCUMULABILE
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l Front velocity and flow height

Load case 1 Load case 2 Load case 3
Front velocity (acc. to Rickenmann) V2 hase = 7.1 velocita secondo Rickenmann =1
Front velocity according to Strickler (vi=wstr) Vet = 5.2 + velocita secondo eq. Strickler 1
Reduced velocity because of overflowing barrier upstream Vred 2.83
Impact velecity at barrier location (chesen.max. v-value) V2= 3.0 @ 3.0 Iﬁ 3.0 Ii' [mis]
Flow height ha,z = 3.3 1.6 1.0 [m]
Recommended max. basal opening height (acc. to Wendelear) hd 2= = 0.7 [m]

Velocita di flusso secondo Rickenmann: v =2.1- Qp0'34 : ISO'2
* Qp portata di picco

* |s inclinazione media del torrente a monte
» velocita compresatra2 m/s e 6 m/s
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COMPORTAMENTO DEL FLUSSO g'égmcc"\

Safety is our nature

l Front velocity and flow height

Load case 1 Load case 2 Load case 3
Front velocity (acc. to Rickenmann) V2 hase = 7.1 velocita secondo Rickenmann =1
Front velocity according to Strickler (vi=wstr) Vet = 5.2 + velocita secondo eq. Strickler 1
Reduced velocity because of overflowing barrier upstream Vred 2.83
Impact velecity at barrier location (chesen.max. v-value) V2= 3.0 iﬁ 3.0 Iﬁ 3.0 Iﬁ [mis]
Flow height ha,z = 3.3 1.6 1.0 [m]
Recommended max. basal opening height (acc. to Wendelear) hd 2= = 0.7 [m]

E.
PWRI, lineeguida giapponesi fenomeni di debris flow.

Velocita di flusso secondo Strickler: y = 1 hﬂo-67 : |S°-5 suggerito da

« Coefficiente di “pseudo-manning — nd
* hil altezza di flusso
* |s pendenza media torrente a monte

. 91 .



COMPORTAMENTO DEL FLUSSO

Front velocity and flow height
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Load case 1 Load case 2 Load case 3

Front velocity (acc. to Rickenmann) V2 hase = 7.1 Velocita Secondo Rickenmann is]
Front velocity according to Strickler (v1>wstr) Vefr = 6.3 + velocita secondo ed. Strickler |
Reduced velocity because of overflowing barrier upstream Vrad 2.83

Impact velocity at barrier location (chosen.max. v-value) V2= 3.0 Iﬁ 3.0 Iﬁ 3.0 Ii' [mi=s]
Flow height ha,z = 3.3 1.6 1.0 [m]
Recommended max. basal opening height (acc. to Wendeler] hd 2= = 0.7 [m]

Vred :0'4*maX(V2base; Vstr)
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APERTURA BASALE

l Front velocity and flow height
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Front velocity (acc. to Rickenmann)
Front velocity according to Strickler (v1=wvstr)

Reduced velocity because of overflowing barrier upstream

Impact velocitr at barrier location (chosen,max. v-value)

Max apertura basale secondo
Wendeler

Load case 1 Load case 2

VY2 hage = 7.1 5.6

Weir = 5.3 4.8

Vraed 2.83 2.24

vz = 3.0 @ 3.0 Iﬁ

hiz = 3.3 1.5

Load case 3

4.7
3.5
1.89

3.0 Iij

1.0

Apertura basale hd > 2/3 * altezza di flusso minima hy!

| 93 |
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Tempi di ritorno

Altezza basale




COMPORTAMENTO DEL FLUSSO

E SCELTA DELLA BARRIERA

l Front velocity and flow height

GEOBRUGG”A\

Safety is our nature

Front wvelocity {acc. to Rickenmann)

Load case 1

Load case 2

Load case 3

V1 hbase = 4.7 4.2 4.7 [mfs]
Front wvelocity according to Strickler (v1>=wvstr) Veir = 4.4 3.9 4.4 [mis]
Impact velocity at barrier location (chosen,.max. v-value) V1= 4.7 = 4.3 = 4.7 = [mis]

L¥) LY} Lx)
Flow height ha1 = 0.9 0.7 0.9 [m]
Recommended max. basal opening height (acc. to Wendelar) hd == 0.5 [m]

l Flexible, permeable debris flow protection system
System type Type | GEOBRUGG VX080-H4 v
Max. system height Ho,max = 4 [m]

Max. system width above bomax = 15 [m]

Max. system width below bumax = 8 [m]

Proof of system height and system width

v

Scelta della barriera > verifica geometrica
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dinamico




MODELLO DI CARICO PER IL ceoBRUGG A\
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PRIMO IMPATTO e

Apertura basale
e

N T N N R T B i i T T R T T i i i P i T i i i i i P i S T i i i i i T T i T T i i i T T i i i i N T i T i i i i S T i T i i T i N B B i iy
OU 2 h fl

F=%pgh? +
[N/m]
cy= 1.0 - fangosa

Cq = 2.0-> granulare (Armanini et al. 2000)
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TRACIMAZIONE

[ Proof of max. dynamic loading (stopping)
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Load case 1

Load case 2

Load case 2

Width factor (vidth at barrier location toc standard width) BFi= 1.04 -
Dynamic loading (Pressure and impulse acc. to Wendeler) MDdyn, 1= S7 58 [kN/m*hfl]
Resistance against dynamic loading RDdyn.1= 256 137 [kN/m*hfl]
Safety facter SFdyn,1= 2.64 2.36 =
Proof of max. dynamic loading fulfilled ! fulfilled !
l Proof of max. static loading (overflowing)

Coad case 1 Load case 2 . .
Reduction factor hydrostat. pressure (Permeability) HF= 1.0 - CarICO Statlco
Static loading (hydrostat. pressure acc. to Wendeler) MDstat, 1= Sz2 61 [kM/m2]
Resistance against static lezding RDstat. 1= 134 154 [kN/m2]
Safety factor SFstat, 1= 1.67 2.52 -
Proof of max. static loading fulfilled ! fulfilled !

Proof barrier

fulfilled !
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MODELLO DI CARICO SECONDO GEOBR.,GGA\
IMPATTO - TRACIMAZIONE

Dati dal piatto
\ dinamometrico
A

48 kN/m? 21.3 kN/m? | 99 |



ANALISI AGLI STATI LIMITE
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l Proof of max. dynamic loading (stopping)

Load case 1 Load . : d case 3
Width factor (width at barrier location to standard width) EF1i= 1.04 - dlnamlco
Dynamic loading (Pressure and impulse acc. to Wendeler) MDdyn,1= S7 58
Resistance against dynamic loading RDdyn.1= 256 137
Safety factor SFdyn,1= 2.64 2.26
Proof of max. dynamic leading fulfilled ! fulfilled !
[ Proof Vof max. staticiloading (overflowingj

[oad case 1 Coac . - sel3
Reduction factor hydrostat. pressure (Permeability) HF= 1.0 - Statlco
Static loading (hydrostat. pressure acc. to Wendeler) MDstat, 1= S2 61
Resistance against static leading RDstat. 1= 154 154
Szafety factor SFstat,. 1= 1.67 2.52
Proof of max. static loading fulfilled ! fulfilled ®

Proof barrier

Carico dinamico= verificato + Carico statico = verificato

ulfilled !
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Global safety factor SF= SFgIobal
Summary of Results Verifiche vs. Fs
[ Summary of Results J
Multi-level debris flow protection system  No. Safety Factor Proof Retention volume
GEOBRUGG VX140-H4 No. 1 1.22 fulfilled ! 855 [m3]
No Barrier No. 2 - - 0 [m3]
No Barrier No. 3 - - 0 [m3]
No Barrier No. 4 - - 0 [m3]
No Barrier No. 5 - - 0 [m3]
No Barrier No. 6 - - 0 [m3]
No Barrier No. 7 - - 0 [m3]
No Barrier No. 8 - - 0 [m3]
No Barrier No. S - - 0 [m3]
No Barrier No. 10 . .
= . SFminz SFglobal - soddisfatto
Minimal safety factor of the overall system SF min =
l Retention volume J
Totzl retention volume Vr. tot= S5 [m3]
Regquired retention velume Vtot, max= VOI ume atteso @ [m3]
Reserve Vr.oreserve= -435 {m3]
Proof of retention volume not fulfilled !

Proof of overall system

not fulfilled ! 101
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“Have no fear of perfection,
you'll never reach it”

- Salvador Dali
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Simulazione del flusso di colata, es. tramite RAMMS-2D
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SIMULAZIONE FLUSSO DI cosnucc A\
COLATA e

P e NN
RN

PN =

' Geschwindikgeit Max. Fliesstiefe Max

p‘ : " , : : #;ﬁ." i




VOLUMI E BARRIERE @BRUWA\

Safety is our nature

= 10000 M3 Massimo 10 barriere

V
e contemporaneamente
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GEOMETRIA E CONFIGURAZIONE SEoBruca A\
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Barriere per torrenti e alvel fluviali.

Software NON permette verifiche per configurazioni
particolari.

1
4 x Geobinex 221]
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ANCORAGGI

Voi progettisti potete scegliere soluzione piu appropriata.

Dati di partenza: AZIONI fornite dal produttore
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Funi di supporto Fondazioni montanti

e controventi
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FONDAZIONI MONTANT! ceosruGG A\
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Barre piene Barre cave,
autoperforanti
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BARRE PIENE E CAVE ggmvcaﬁ\
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Diametri di perforazione compresi:
tra45 mme 1110 mm

- Finoa 3.0 m, Dperf fln0 a 50-55 mm
- Oltre 3.0 m, Dperf fino a 90-110 mm



GEOBRUGG“A\
FONDAZIONI MONTANTI 2 Satety s our nature

Generalmente si utilizza il modello di Bustamante — Doix , che
analizza le interfacce acciaio-malta e malta-terreno per il

dimensionamento delle fondazione.

1000

N
A

ANCHOR FORCES: g
| TENSION ANCHORS
N\ WORKING LOAD 200 kN (50 kips) EACH

1000
& & & & & 8 & @&

— e —

ANCHOR FORCES:
_i_ PRESSURE ANCHOR
il  WORKING LOAD 200 kN (50 kips)
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GEOBRUGG“A\
ANCORAGGI LATERALI =2 ety s our

Generalmente si utilizza il modello di
Bustamante — Doix , che analizza le
Interfacce acciaio-malta e malta-terreno

per il dimensionamento delle fondazione.

Malta - terreno

Acclalo - malta
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LUNGHEZZA ANCORAGGI

Calcolo lunghezza ancoraqgqi

» Verifica sezione accialo

» Verifica interfaccia accialo-
malta

» Verifica interfaccia malta-
substrato

Verifiche con approccio 2
Fondazioni su pali.

GEOBRUGG“A\

GGGGG
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Verifica A)
Scorrimento tra intasamento e pareti del foro

Werifica B)
Scorrimento tra elemento d'ancoragdjo e intasamento
T
il L]
L i
TRRaNE L -
et il Y VEnEEL
e . . L
! L
a i
Tl

]
—
]
R 1 e
s NP [2 St GO
]
]

- L
! .
T - i
" - .,_- .1-"-! T
] il LI L
o1 H
iy [ Ll
= (S
T -I-
Barra d'ancoraggio
Intasamento con boiacca cementizia
Terreno/roccia in sito

(A1l+M1+R3) NTC - cap.



LUNGHEZZA ANCORAGGI ceomrucc A\
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A bstrato
ancoraggi (rif.
Tecniche)
D azione di
La lunghezza ot rogetto
ancoraggio
Ds dia Jenza
flo-malta




ALTRE TIPOLOGIE ceosrucc A\
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Reinforcement 10/100
(on site)

2. Ancoraggio in

barra

marking of
installation
depth

727

Ay

arking installation depth

Typ Il = 14.5 = Hexagonal pressed
Typ Ill = 18.5 = Round pressed

+ Testa flessibile —
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DEBFLOW OGGI ceoanrucc A\
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‘ f '\ Geobmﬁ X / g Geobrugg DEBFLOW ON X

& C l & Sicuro | https://www.geobrugg.com/portal/app/debflow/summary

DEBFLOW ONLINE TOOL ceoBruUGG A\

Dimensioning of the flexible Debris Flow Protection System GEOBRUGG VX/UX - DEBFLOW Safety is our nature
Save Load Create PDF EN -
Input Parameters Summary of Results

Summary of Results Open all

Summary of Results

Retention volume

“

Barrier Location No. 1 v
Barrier Location No. 2 v
Add New Barrier Location +
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Intervento di messa in sicurezza Autostrada A7 km 91

movimento franoso del versante posto immediatamente a3 monte del mure di contronpa dell’ Autostrada A7
Genova-Serravalle Semmaa al ko 914000 m camregmata Nord venficatos: m data del 10-11/10/72014, 1 possibih

scenan evolutvi del fenomenc nonche gl interventi necessan alla messa m sicwrezza della cammeggiata
- y

autostradale onde garante 1l transito de1 mezz1 mn completa sicurezza. [ R

\ U "

Lo studio prelimvnare condotic ha permesso di evidenziare un complesso fenomeno classificabile come
scivolamento rotazionale e traslativo evoluto durante il movimento e la conseguente destruffurazione del
materiale superficiale reso saturo dalle acque di infiltrazione che ha interessato 1 terrem di coperiura rappresentati
prevalentemente da depositi scarsamente addensati con ciottol di diversa pezzatura 1n matrice sabbiosa limosa.

ﬁ '
Il corpo di frana dopo aver percorso un dislivello di circa 30 metri, ha intasato I'tmbocco del tombino e ha R
tracimato esaurendo il suo movimento arrestandosi su parte della carreggiata autostradale sottostante; da mdagini
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Proposta di intervento

c) Al fine di proteggere il trattc autostradale m oggetto da evenimali future colate detritiche noncheé evitare
I'ostruzione del tombino di valle e garantire un corretto smaltimento delle acque anche in condizioni eccezionali,
valutate le condizioni potenzialmente cnitiche del versante di monte anche oltre 1'area di competenza antostrade,
s1 ritiene necessario mstallare una barriera del fipo flessibile con rete di protezione appositamente studiate per
I'applicazione specifica denominate “Barmere debrnis flow™.
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Analisi documentazione presente:

Sezione Tipologia
trasversale materiale

Sezione
longitudinale
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Analisi documentazione presente:

Relazione Relazione
geologica geotecnica

Verifica
ancoraggl
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Dati di ingresso DebFlow:

» Volume mobilizzato = 800-1000 m3

» Tipologia di colata = detrito misto fango

» Spessore medio mobilizzabile=1.0m/1.5m

» Geometria della sezione rilevata e pendenza alveo
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Geometry of barrier location

system height Ho1 = 5.5 [m]
Width of torrent on the level of the bottom support ropes b,1 = 9.5 [m]
Width of torrent on the level of the top support ropes b,1 = 23 [m]
Distance to the next barrier upstream Ly1 = 500 [m]

u} 2

. Geometry

Torrent inclination and retention volume

system height of the filled barrier Hyp = 4.1 [m]
Average torrent inclination upstream of the barrier .1 = 70 [%] 35°
Deposition inclination of filled barrier (acc. to Rickenmann) Potree = 46.7 [%] 25°
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Input Parameters

Type and density of the debris flow

Load case 1

Load case 2

Load case 3

Type of debris flow (granular or mud flow) Type granular mud flow no load case
Density of the debris flow material p= 2200 1800 [kg/m?]
Specific weight of the debris flow material ¥ = 21.6 17.7 [kN/m?]
Water content W= 0.27 0.52 -
Debris flow volume and number of surges

Load case 1 Load case 2 Load case 3
Total debris flow volume (incl. water) Ve = 1000 1000 [m?]
Number of surges N= 3 3 -
Volume per surge (average) Wy = 333 333 [m’]
Volume of first surge (recommended) Vilree = 500 500 [m?]
Volume of first surge (chosen) Vi1 = 500 500 [m’]
Peak discharge

Load case 1l Load case 2 Load case 3
Peak discharge (acc. to Rickenmann) Qporec = 17.2 17.2 [m3/s]
Peak discharge (chosen) Q= 18 18 [m¥/s]
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