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Civil engineering structures are exposed to increasingly
aggressive conditions



MACCAFERRI

natural materials i




W"‘ = .

“‘Engineers are required to “meet the needs of the present
without compromising the ability for future generations to meet
theirs” [International Institute for Sustainable Development (IISD)]
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A LONG LASTING
COMMITMENT IN

IMPROVING

MATERIALS AND Maccaferri has a centre of excellence entirely dedicated to
research and development, concentrating in a single

SOLUTIONS FOR CIVIL place the capital of knowledge and know-how: in Bolzano
ENGINEERING (Italy) the Maccaferri Innovation  Center (M.I.C.) is

constantly working to innovate our products andsolutions
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Istituto Sperimentale
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RESEARCHING THE LONG TERM EFFECTIVENESS

Design The Change Main scope of the research was to monitor
represents an innovative the performance of Gabions under the most
development in the engineering severe conditions. This raised 2 questions:
features of Gabion structures,
which was possible through a K How can we define a long-term
thorough investigative testing performance for a Gabion Structure?
campaign aimed at quantifying
their performance limits when M How canwe make a Gabion Structure
used as mass gravity retaining more cost-effective?
walls.

INNOVATION CENTER ~ The research was carried out in various

‘ Engineering Centers, under the coordination
MACCAFERRI ‘( of the Maccaferri Innovation Center
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A MODERN ENGINEERED CONCEPT

Ultimate Limit State

o —
Gabion Unsafe Limited Safe Safe
Failure Condition Condition Condition

N

| Serviceability Limit State

Gabion Unsafe Limited Safe - Safe
Failure Condition Condition Condition

Effects of chemical CORROSION

' Guide to EN 1997-1

| Effects of TIME & ENVIRONMENT

AASHTO LRFD Bridge PDF
Design Spacifications e e

Sensitivity of structures to DEFORMATION
Avoid BRITTLE FAILURES
Avoid excessive DISPLACEMENTS
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ENGINEERING LIMITE STATES

Checking for cracks

Serviceability limite state
(SLS) is related to user
comfort and

e of

the structures, whether in

relation to users, orin

relation to the machines and

equipment supported by the

structures. Example (Slab) - S.L.S - Serviceability Limite State

Comfort, durability, appearance, use
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ULTIMATE LIMITE STATE

Security check against collapse

Checking for U.L.S.
Considering rigid blocks!

255558

S aRaREy

P
- 5}. 5 ¢
LpaRIEsEREsEs

The analysis of internal stability through the ULS, does not

represent the aspects of durability, appearance and use of the
structure.

The use of ULS for external stability analysis considers the
gabion as a rigid block.

External stability Internal stability

(Ultimate Limite State) (Ultimate Limite State)




SERVICEABILITY LIMITE STATE (SLS)

Analysis of comfort, durability, appearance and use

Even considering the ULS
analysis, gabion
structures can present

deformations, which
affect their performance
and are identified in the

ULS - It is not acceptable!

Structures may be subject to

SLS analysis.. _ , .
deformation over time, and this
SLS - OK! .
cannot be analysed by using
(Internal stability considering conventional Limit Equilibrium
mesh influence) Methods.
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SERVICEABILITY LIMIT STATE CHECK

How to ensure that the gabion meets the conditions of serviceability?

m Serviceability analysis through the GSC

m Correct installation of gabions

m Use of mesh with correct performance

on the face (StrongFace) Face with higher

m Use of POLIMAC coating strength mesh

m Serviceability condition — OK!
m Good appearance — OK!

S.L.S.

-9 ] High durability
satisfied!

Vi

m Long-term high performance
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ANALYSIS OF A GABION STRUCTURE
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Acting pressure

Allowable pressure
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THE RESEARCH
Type [mm]
m 2.7 1000 MESH
2.7 500, 1000 - ORIENTATION
- vertical

3.0 1000 .
- horizontal

3.4 1000

2.7 ; "-' ' H <
3.0 8. " | Q. i iaEe : STONEFILL
i & _ ) i : a - limestone
v { o Dy —~ - rounded

- granite
UNCONFINED
lateral
expansion

CONFINED
—— : —— lateral
Grand total"":a!)prbx 70 tests expansion
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THE NUMERICAL MODEL - CALIBRATION
Discrete Element Method (DEM)

F

interparticle -

Function of d,
interparticle
distance

e & & © BERTRAND (2006)
. . Iv Modeling of the mechanical

b F behavior of a cellular

{ g interparticle structure subjected to a

. . localized dynamic stress,
Application to protection
, . . . structures against rock falls.

DEM Model

Compression Test
UNICAMP - IIT - ISMGEO
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THE NUMERICAL MODEL - CALIBRATION
Discrete Element Method (DEM)

e

Stochastic DT Net Model

THOENI (2013), Discrete modelling of hexagonal wire meshes with
a stochastically distorted contact model

Compression Test

UNICAMP - IIT - ISMGEO
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Lateral Panel
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THE NUMERICAL MODEL - CALIBRATION

Discrete Element Method (DEM)

)
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THE NUMERICAL MODEL - CALIBRATION

Discrete Element Method (DEM)

21
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SANTOS JUNIOR, 2018
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THE NUMERICAL MODEL - CALIBRATION
Discrete Element Method (DEM)

Spherical elements Polyhedric elements

SANTOS JUNIOR, 2018
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THE NUMERICAL MODEL - CALIBRATION
Discrete Element Method (DEM)

DEM | Discrete Element Method Restricted compression Test

ISMGEO
SANTOS JUNIOR (2018)

GET IN CONTACT WITH US TO RECEIVE MORE INFORMATION ON
23 OUR R&D CAMPAIGNS. TYPE “TRAINING” IN THE CHATBOX '



THE RESEARCH

b
The maximum deflection in o g
face of the wall can be 030 | o
determined numerically 0.80 s
0.70 k" »e
/ M
Defined limit g ™ kgr
2 it Experimental -
' 0.40 results 3
o
0.30 == == Numerical 1
0.20 4 results b o
0.10 | >
0,00 B B
0.00 0.20 0.40 0,60 0.80 1,00 X .\'ﬁ
Sp/BPrmax o
%a

SANTOS JUNIOR, 2018
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ANALYSIS OF A GABION STRUCTURE

25
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THE RESEARCH - GSC APPROACH

s
Z 0 Q
Low Mechanical 120 Years
Temperature Loads Serviceability
'® >
\ A4
Installation UV Resistance Chemical
Damages Attacks
RF,, RFyyRF, RFeny
GSC GMEeo
120yrs —
RF;;RFyyRF4RE,,,,
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THE OUTPUT OF THE RESEARCH

GABION An experimental coefficient that evaluates the
SERVICEABILITY gabion performance over time, considering
mechanical and environmental stresses
COEFFICIENT | v
';\ T
— Il Experimentally tested and numerically verified
5([’, T) — method
e p DA Increased cost-effectiveness of the design
— I Significant environmental benefits
¥ T St
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GSC VALUES

29

8x10
8x10
8x10
8x10
8x10
6x8
6x8
10x12
10x12
10x12
10x12

3.9
3.4
3.0
2.7
2.4
2.7
2.4
3.4
3.0
2.7
2.4

678
623
489
410
638
528
NA
481
418
378

NA
NA
342
287
NA
370
NA
337
293
265

387
356
279
234
365
302
315
275
239
216

194
178
140
117
182
151
157
137
119
108

POLIMAC PVC GALMAC 4R | GALMAC 95 ZINC
(Zn90AI10) (Zn95AI5)
NA NA 504 252 84

65
59

39
61

50
NA
46
40
36
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THE GSC EFFECTIVENESS : LONG TERM PERFORMANCE

Classic Design Calculation Design based on Gabion

SLS Seviceability Limit State

GsC FoS
1o0m 1 FoS  Not Applicable
«—1.00 m—»

FoS 2.73

100 m 4 FoS 1.74
P —
1.00m 3 Fo$ 1.55
[—250m—————b
1.00m 6 FoS 1.41
4—30m——»
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DESIGN THE CHANGE

INNOVATIVE SOLUTIONS

4

Gabion Strong Face with PoliMac is the

— NEW DESIGN APPROACH

/7
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STRONG

innovative solution that minimizes structure long-

term cost

RAALA
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GAWAC 3.0 is the new software developed
for the design and optimisation of Gabion

Walls.

32



GAWAC 3.0

GAWAC 3.0

Ele View Wall Foundaion Loads  Options  Help

DeagastiiLwe

o Recent Projects
Project Information . [ open...
m
Product (U]
SAGErEAL ; Template Projects :
< " | 01 Additional layer on e
Product u

foundation, slope on the
the veall and load on baf

02. Load on the wall

03. Additional layer on =
foundation and slope oM
back of the wall -

04. Bridge support with

; ommmmm | surface and load on bad]

Normatives

[ Select Normative

Chose Design Approach

TYPE "SOFTWARE" IN THE CHATBOX TO
33 RECEIVE THE NEW GAWAC 3.0 SOFTWARE




GABION STRONG FACE

MACCAFERRI

34

Gabion Strong Face
more resistance where required

different
wire diameters

Thick wire diameter on
the front exposed faces

_ Light wire diameter on

" the rear confined faces

Available in different
configurations and
wire diameters

53
»

12,

CLICK ON DOCUMENTS TO DOWNLOAD THE
INSTALLATION SHEET OF GABION STRONG FACE

Strong Face
Gabions enable
the optimization
- of the wall
cross section

Less Gabions
Less Stones
Faster installation

Lower environmental
impacts
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WHAT ARE THE BENEFITS OF THE NEW APPROACH?

HOW MUCH
DOES GABION

WALL COST? The purchase price is only part of what you actually end up spending when
you purchase something it.

Total Cost of Ownership includes the purchase price as well as all the costs
associated with the owning of the item.

LESS MATERIALS
Less stone means savings! Thanks to the GSC

concept, the amount of material needed to build a
gabion wall is drastically reduced.

}/ BETTER PERFOMANCE
v

PoliMac coating means outstanding performance in
aggressive environments. It will preserve the

structure serviceability reducing maintenance costs.

36

QUICKER INSTALLATION
@ Material reduction means easier and faster
installation. An optimised design increases

@© the production rate.

TOTAL COST

OF OWNERSHIP LOWER ENVIRONMENTAL IMPACTS
g Reduction of quarry stones means cutting
the environmental burden. Take advantage
of the new design approach for reducing the
environmental impact of the structure.

CLICK ON DOCUMENTS TO DOWNLOAD
GABION WALLS TRIFOLD



% POLIMAC COATING — GREEN REVOLUTION

MACCAFERRI

Gabion Strong Face is coated with
PoliMac®, the revolutionary coating that
can withstand the most aggressive

environmental conditions.

+

Qﬁﬁ“ﬁ;’? & Long-life

~ galvanising

\

Steel wire
low carbon

FREE \
OF HEAVY
METALS

37
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PoliMac®

WIRE PROTECTION FOR A CHANGING WORLD

1 Ox Better resistance to abrasion, @
including installation damages

2 More resistance to =
= - A\
X chemical aggressions* =

More performance in
cold weather

4x

4x More resistance to UV rays* - -

. . . . !
* In terms of resistance to sulphiric, nitric, formic, acetic acids DESIGN ‘@’
THE™

In terms of elongation after 2500 hrs of exposure P
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LIVE EXAMPLE WITH GAWAC 3.0

WALL SET UP

Wall Batter (°) 6
Rockfill unit weight [4N,/m3] 245
Gabion Porosity (%) 30

SOIL PROPERTIES
BACKFILL SET UP

Unit weight [AN/n3] 18
Friction angle (°) 30
Cohesion [AN,/m?] 0
FOUNDATION SET UP

Unit weight [AN,/m3] 19
Friction angle (°) 32

Cohesion [AN,/m?] 10
39
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LIVE EXAMPLE - RESULTS ANALYSIS

Galmac 3.0

Results
SLS Serviceability Limit State

Gabion Serviceability Coefficient

| GALMAC 85 80/178

FoS Not Applicable

,.
3
E
v

-
|

FoS 1.40

1.00m 3
+—2.00m————P

o
o
-3
3

.,.,
=]
w

1.64

1.57

FoS 1.46

FoS 1.42

| 4
n
8

I

StrongFace

41

Stone
consumption of
13,5 m3/m

Gabion 0.5 m

MACCAFERRI



LIVE EXAMPLE - RESULTS ANALYSIS
PMC 2.7

Results | POLIMAC™ 80/489

SLS Serviceability Limit State

Gabion Serviceability Coefficient

GSC FoS

FoS Not Applicable

Stone
consumption of
11 m3/m

FoS 1.59

FoS 1.78

StrongFace

42



LIVE EXAMPLE - RESULTS ANALYSIS

MACCAFERRI

Gawac 3.0 vs PMC 2.7

43

GALMAC 3.0

Results | GALMAC 95 80/178

SLS Serviceability Limit State

Gabion Serviceability Coefficient

GSC FosS
1.00m i FoS Not Applicable
4—1.00 m—»

Loom 2 FoS 1.92

0

4+——1.50 m——»
- o
+——200m—————»

e FOS 1.64
4 250m———P
e FDS 1.5?
+—— 250 m———————P|
3.

0.50 m 6 FoS 1.46
4+ 3.00m—————P

v FOS 1.42
L —

0.50 m

0.50m

User Defined StrongFace

Saving 20% of
rock
consumption

Faster
installation

| POLIMAC™ 80/489
SLS Serviceability Limit State

Gabion Serviceability Coefficient

FoS Not Applicable

FoS 1.59

FoS 1.78

StrongFace



LIVE EXAMPLE - RESULTS ANALYSIS

PMC 2.7 vs PMC 2.7 with two base layers SF PMC 2.7/ 3.0

44

4

Results | POLIMAC™ 80/489

SLS Serviceability Limit State

Gabion Serviceability Coefficient

GSC FoS

1.00m

1.00 m

1.00 m

1.00 m

1.00m

0.50 m

0.50 m

FoS Not Applicable
+—1.00 m—b|

2 FoS 2.70
+——1.50 m———P|
3 FoS 1.97
4+——1.50m——P
4 FoS 1.57
+—200m—b|

FoS 1.78

4’ Ll
4+—3.00m
+—3.00 m—>

strongFace

Results | POLIMAC™ 80/489

SLS Serviceability Limit State

Gabion Serviceability Coefficient

FoS Not Applicable

1m and not 0.5m
gabions
> time and
material savings

I Strong face
STRONG FACE
POLMAC™ 801499/623

strongFace

MACCAFERRI
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ENVIRONMENTAL AND DIGITAL SAVVY

MACCAFERRI

“==EPD

THE INTERNATIONAL EPD® SYSTEM

We provide reliable and comparable information on the
environmental impacts of the product life cycle reducing
energy and material consumption

visit maccaferri.com/EPD

46

Not only performance certification but also to
environmental and digital ones.

L
B I M bimstore

Our products are also available as BIM. Our BIM Object have
been validated by the British Board Agreement (BBA) as
being a true and fair representation of the physical
product/system. BIM system reduces design time and cost
and facilitates cooperation between project stakeholders

visit maccaferri.com/BIM
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WE ARE PART OF A WIDER FRAMEWORK

DESIGN ' / The UN set the SDG

THE™ =  We took on the challenge of achieving a
CHANGE better and more sustainable future for all.
N
&)
SUST A“'iﬁ ABLE sonceiscee [ 19 scron 19 wime
DEVELOPMENT

GOALS
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DESIGN THE CHANGE - CONCLUSIONS

I New calculation model that allows analyzing the gabion wall under serviceability condition
Il Optimization of Gabion Walls in compliance with the main international standards

[ Enhanced long-term performance and reduction in environmental burden

ABION |

GAWAC 3.0 GABION :
ERVICEABILITY Gabion Wall esign _ smone PoliMace
OEFFICIENT 2020 1 i FACE

1
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United Arab Emirates, )
32-m high Retaining Wall




New worldwide
tests

to develop
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