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BRUGG
Safety is our nature

Reti in acciaio per la prevenzione di frane in roccia e d
versante: la progettazione di riferimento e i criteri di posa
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CONTENUTO PRESENTAZIONE ceosrucc A\

Safety is our nature
Problematiche della fase progettuale

Geobrugg cosa propone per affrontare
tali situazioni?

Tipologie dei sistemi e software per la
verifica

Aspetti per la posa in opera

Aspetti per la progettazione
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COSTI E TEMPO @BRUG@A\

Safety is our nature

Disponibilita economica
del committente?




DATI DI PARTENZA @BRUWA\

/\
? Indagini di
laboratorio

Relazione
geotecnica
Relazione
geologica
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PROBLEMA?
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IPl DI RIVESTIMENTO ceosrucc A\
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In accordo alla Norma EN 14490 (2010)

Hard facing

{ Flexible facing




ECCO® SYSTEMS ceoeruce A\
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SISTEMA TECCO®

1 Rete In filo d’acciaio ad alta
resistenza + connessioni

2 Piastre cuspidate
TECCO®

3 Ancoraggi

SEMPLICI ELEMENTI CHE DEVONO LAVORARE BENE INSIEME
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Sistema TECCO: 4 tipologie di reti

130 mm

65 mm

» 45 mm
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Sistema TECCO: 4 tipologie di reti

250 kN/m 4 mm

85 kN/m 2 mm
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Norma UNI EN 10223-3: Norma UNI EN 10264-1:

. et Filo d’acciaio e relativi
Fili e prodotti trafilati di orodotti. Filo d'acciaio per

accialo per recinzioni e reti. funi

f = 350-500 N/mm2 vs (ft=1180 - 2080 @
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Un filo da 3 mm di diametro

Reti in acciaio standard Reti GEOBRUGG
ft = 500 N/mm? ft = 1770 N/mm?

5 arrampicatori




GEOBRUGG“A\

BRUGG




BRUGG

<
&)
&)
)
+'4
]
(]
11}
&)

Safety is our nature




EEQBRUGG‘”A\

Safety is our nature

tipi di rete tipi di piastre clip di
connessione
TECCO® G45/2 P25/34
TECCO® G65/3 P33/40 + P33/50 T3
TECCO® G65/4 P66/50

SPIDER S3-130

7
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Barre piene Barre cave,
autoperforanti

Barre con diametro variabile tra1 24 mm e i 32 (40) mm



BARRE PIENE E CAVE @BR“WA\
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Diametri di perforazione standard:
32/40 mme 1110 mm.
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Come caratterizziamo | componenti?
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Resistenza contro la rottura al bordo superiore della piastra
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Test del cupolone: norma UNI 11437

«Prove su reti per rivestimento di versanti»
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Resistenza alla trazione parallelamente al pendio
... come base per RUVOLUM®
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Caratteristiche materiale: Ghiaia lavata 16/32 mm

Senza
coesione

Buona , | Senza

ripetibilita e ~ rotture
test e Improvvise

Scenario
«Worst
case»
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ANALISI DI MECCANISMI DI E@B““GGA\
SCIVOLAMENTO REALI

Test #12, 19.06.2013

» TECCO G65/4 + P66
» a=b=35m

» Ghiaia di flume

» Fuso 16...32 mm

» o =60°
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SCIVOLAMENTO REALI
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[

ROTTURA SEMPRE IN
CORRISPONDENZA
DELLA PIASTRA



ANALISI DELLE DIFFERENT] EBSB"“GGA\
PERFORMANCES

Stabilized angle on design level [°]
TECCO® G65/4 with P66
TECCO® G65/4 with P33
TECCO® G65/3 with P66

TECCO® G65/3 with P33

Fattore 2 Fattore 1.5

TECCO® G65/2 with P33 ‘

Heavy chain link mesh

|
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ECCO GREEN G65/3 ceosrucc A\
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Rete TECCO G65/3 +
stuola tridimensionale In
polipropilene

(I By,

i vyl

Il workshop RUVOLUM | |
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Fino a che profondita??
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VERIFICA TRAMITE
SOFTWARE RUVOLUM
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Ruvolum® The program to dimension the slope stabilization system TECCO® sPIDER®

Ruvolum Online Tool, Version 2014

—

GEOBRUGG”A\

BRUGE

Layer

1:|1DD:+]|—|

| save | Load | Print | Full screen | Units | EN _-J
Brojact Ho, [12345-12325 | Mesh and spike plate type
Projectilame  |Prove Sicilia | [ TECCOM G532 +F33 | v |
Date, AUthor |Gennaio 2014 - G. Guast | About nailing
Cross-seclion: YWiew nail arangemant; [".-‘ariatiuna=:t |'|

Mail distance harizartal

a=|270 H m

thicknass
Mail diztance inlina ofslope b= |57y =
& ] = " f
i | GEWID =25 mm |~ |
T
[ with rusting away | * |
4 Nall W=|200 [ oeorees o | az [ e "
~ Inclination L_., Dimensioning quantities
4y =26.6 dagrees
i . o = 0.0 kNim®
o = 200 kMim*
Slopeinclination  a=|&0.0 degrees
Control:
Friction angle ground [characteriziic valua) &=320 | : degrees FProofe ofthe mesh Ok [0.73)
e . Froofz of the nails 0K [0.95)
Volume weight ground (characteristic value) Y= 20.0 :I: kM im”
Load cases Defaults Lafety factors | Nail types | Elements of the system Proof of beaning safety

14012014



SOFWARE RUVOLUM ceomrucc A\
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Analisi di tipo attritivo-coesivo alla Mohr Coulomb

1. La verifica di instabilita 2. La verifica di instabilita di

locali tra i singoli ancoragg versante sul modello del
pendio indefinito

Secondo guanto definito da NTC e relativi fattori di sicurezza
|
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IL MODELLO DI CALCOLO
RUVOLUM
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Ruvolum= The program to dimension the slope stabilization system TECCOZ/ SPIDER®

Ruvolum Online Tool, Version 2014

| save | Load | Print | Full screen ‘ Units | EN =
ProjectNo. | 2013001 Mesh and spike plate type
| winterthur

Project Mame

GEOBRUGG*A\

BRUGG

Mesh and spike plate type

|v|

Date, Author |04.11.2013, D. Flum

ITEEEG'EIGE&B+F‘33 |..‘

|I TECCO® GG5/3 + P33

About nailing

Cross-section: TE[: [:[:}@ GEEJIE + F|33 .l. I Variation a=b | - |
Layer | Mail distance harizontal a= (270 m
thick
e -I-Em GE"E'B + P'33 Mail distance in line of slope b= |27 = m
+
TECCO® GE5/3 + P (Gwommm B
TECCO® G65/4 + P33 [with rusting away |v|
Mail ] - "
inclination TE[:[:[:}@ GEE.‘I"-II- + F'EiEi i | Dimensicning guantities
&, =266 degrees
SPIDER® 53 - 130+ P33 [4] || & =comm
i e =20.0 kN/m®
Slope inclination a= m degrees
Control:
Friction angle ground (characteristic value) <bk= degrees Proofs ofthe mesh Ok
. Proofs ofthe nails OK
Valume weight ground (characteristic value) Y= kMIm®
Load cases Defaults Safety factors ‘ Nail types | Elements of the system Proof of bearing safety ]
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IL MODELLO DI CALCOLO gegsnuccA\
RUVOLUM

Ruvolum™ The program to dimension the slope stabilization system TECCO®/ SPIDER® @A\
GEOBRUGG

Ruvolum Online Tool, Version 2014 BRUGG -

[ Save ‘ Load ‘ Print | Full screen | Units ] EN =
Project No. 20130 Mesh and spike plate type

ProjectName | Winter i GEWI D =28 mm | - ‘ | TECCO®GE53+P33 |~
0411

Date, Author About nailing

GEWI D = 25 mm Al -
CEWID =28 mm Nail distance horizontal a= m
Tail Gistance in in of sIope b= 7o |~ m
GEWID =32 mm
| GEWID =28 mm |- |
GEWI D =40 mm | with rusting away -]
TITAMN 30011
£z =0.0 kN/m?

TlT.""".N "-‘I-DH Ei v Ve = 20.0 kN/m®

&, =266 degrees

Slope inclir
Control:
Friction angle ground (characteristic value) <I)k= degrees Proofs of the mesh QK
Proofs of the nails DK

Valume weight ground (characteristic value) V= = kMNim?®

[ Load cases Defaults Safety factors | Nail types ‘ Elements of the system Proof of bearing safety ]
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Calcolo lunghezza ancoraqgqi VA

Scorrimento tra intasamento e pareti del foro
Werifica B)
Scorrimento tra elemento d'ancoragdjo e intasamento
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Barra d'ancoraggio
Intasamento con boiacca cementizia
Terreno/roccia in sito

» Verifica sezione accialo

» Verifica interfaccia accialo-
malta

» Verifica interfaccia malta-
substrato

Verifiche con approccio 2 (Al+M1+R3) NTC - cap.
Fondazioni su pali.
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A bstrato
ancoraggi (rif.
Tecniche)
D azione di
La lunghezza ot rogetto
ancoraggio
Ds dia Jenza
flo-malta
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Capitolato:

3x3(=3m)
I

Interasse ancoragg| Lunghezza ancoraggl




PROGETTAZIONE cEoerUGG A\

Safety is our nature




INSTABILITA SUPERFICIALI E E@B"“GGA\
PROFONDE

Marlenas

Bt st Cotmpnw o M) Pris 0
: Cobpouy, Cobasor = &) Py«
Poarpewiand st Lot » % P s 0

Wanm Fuch Cutamiin « 20 P =

I 4 " =




INSTABILITA SUPERFICIALI E E@B'“’GGA\
PROFONDE

TECCO®
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PROFONDE y

Comune di Ariano Irpino

Image © 2017 DigitalGlobe Google Earth
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CORROSIONE ceoBruGe A\

Safety is our nature

Che ulteriore aspetto dovete considerare?

!

CORROSIONE AMBIENTALE!




CLASSI AMBIENTALLI
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Mass loss per unit surface/thickness loss Examples of typical environments
) (after first yoar of exposura) (informative only)
Corrosivit
¥ Low-carbon steel Zinc Exterior Interior
category Mase loss Thickness Mass Thickness
g/m2 loss loss loss
mm g/m? Hm
C1 =10 =1,3 =0,7 =0,1 — Heated buildings with
very low clean atmospheras,
e.q. offices, shops,
schools, hotels.
c2 = 10 to 200 = 1.31025 > 07tos| > 0107 | Atmospheres with low Lnheated buildings
low level of pollution. Mostly| where condensation
rural areas. may oGcur, e.qg.
depots, sports halls.
C3 > 200 to 400 > 25to 50 > 5015 | > 0,710 21 Urban and industrial | Production rooms with
medium atmospheres, moderate high humidity and
sulfur dioxide D'EI“LI“G['I. Some sir po"ution’ eq.
Coa stalsaf'irlnle-rﬁ;s with low food-processing
Y- plants. laundries,
brewernes, dairies.
C4 = 400 to 650 > 50 to 20 > 15030 > 2,1t042 Industrial areas and Chemical plants,
high coastal areas with Swimming pools,
moderate salinity. coastal ship- and
hr'ﬁ'm.rrarrh:
C5 > 650 to 1 > 80to200 | > 30to60| > 42t08 4 | Industrial areas with Buildings or areas
very high 500 high humidity and with almost permanent
amaraccive atmrcnharas | crndone ati;oon andd wath
i 2 — — 2
maximum 60 g/ m?/year => 5 years =>300g/ m
LA > o000 | > 2000 /00 > G0 180 > 041020 Ditshore areas with Indusinal areas with
extreme 5500 high salinity and extreme humidity and
industrial areas with aggressive
extrerme humidity and
agqgressive atmosphere atmosphere
and subtropical and
tropical atmospheres. |
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Corrosion Class

Blygold Coating Formula Country side

Category Corrosivity
C1 Very low
Cc2 Low
C3 Medium
c4 High
] Very high
CX Extreme
Q a ca cs C5-M
= e - wled prénd

- A

£ -

Urban & small industrial Heavy Industrlal Coastal & offshore
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TIPI DI ACCIAIO ceosruca A\
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TIPO DI ACCIAIO /

RIVESTIMENTO CLASSE AMBIENTALE

Supercoating CLASSE B C1eC2

Supercoating CLASSE A C3 e C4

ACCIAIO INOSSIDABILE C4, C5, CX



PROTEZIONE CORROSIONE ceosrucc A\
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Classe A > Classe B
255 g/m? vs 150 g/m?

Rivestimento:
05% Zn + 5% Al




PROTEZIONE CORROSIONE ceosrucG A\
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Protezione INOX: ey +10-30%

Protezione D + 100 %
Classe A / B:
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Slitta per perforazioni
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LA CORRETTA POSA IN OPERA

Safety is our nature

E’ importante traslare le file di ancoraggi di un semi-

Interasse orizzontale!

Da evitare
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LA CORRETTAPOSA IN OPERA  Seosrucc A\
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Messa In tensione della rete
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E’ importante curare la giunzione tra i teli!
TECCO® G65/2 e G65/3: 1 clip per maglia

M M W W KWW
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E’ importante curare la giunzione tra i teli!
TECCO® G65/4 : 2 clip per maglia
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CHECKLIST

‘ Verifica corretto
montaggio

NANAEK
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DOMANDE E APPROFONDIMENTI?




