I%S University Online Lecture Series

Geosynthetics for Reinforcement

Pietro Rimoldi, Yoshihisa Miyata, Ivan Puig Damians
IGS T&oll Reinforcement

™. INTERNATIONAL
o == GEOSYNTHETICS
Yo' SOCIETY

www. geosyntheticssociety.org



About the lecturer

Pietro Rimoldi

A Degree in Civil Engineer in 1984, he started to work in the
Geosynthetics sector in 1986.

A He has been involved in the development of new products and in
many research projects related to geosynthetics.

A He has designed several important projects around the world, for soil
reinforcement and stabilization, landfills, hydraulic applications and

erosion control.

A He is the author of more than 250 national and international publications and he has
written books and design manuals for reinforced slopes and walls, basal reinforcement,
veneer reinforcement, road and railway base stabilization, geosynthetic drainage

systems and erosion control.

A He is Member of the International Council of the IGS, and he is presently the Chair of IGS

Technical Committee on Reinforcement (TR).
pietro.rimoldi@gmail.com

igs IGS University Online Lecture Series


mailto:pietro.rimoldi@gmail.com

About the lecturer

Yoshihisa Miyata

A Dr. Miyata is Prof. of Civil Eng. Dept at the National Defense Academy of
Japan.

A He received his D.Eng from Kyushu Univ in 1999. He has published more
than 230 technical papers on soil reinforcement, geosynthetics
engineering and ground improvement, etc.

A He is a council member, cohair of TGR of IGS, and vice chair of Japan
chapter of IGS. He is also a board member of Geosynthetics Internation

A He has received many awards from CGS, ICE, IGS, and JGS.
https://www.researchgate.net/profile/Y oshihisaMiyata

miyata@geotechresearch.jp

igs IGS University Online Lecture Series 3


mailto:miyata@geotech-research.jp

About the lecturer

lvan Puig Damians

A Dr. Damians (B.Eng., B.A., M.Eng., M.A., Ph.D.)Researcheat the
International Centre for Numerical Methods in Engineering (CIMRE
Geotechnical Engineat VSL International Ltd (a member of Bouygues
Construction Group), andAss.Profof the Civil and Environmental Eng. ,
Dept. at the Universitat Politécnica de Catalunya - BarcelonaTech (UPC)
with teaching activity regarding Soil Mechanics, Geotech. Eng., and J
Sustainability assessment fields.

A He participates in research projects funded by national and international
programs and agencies (e.g., DECOVAEHIZ3 by ANDRA, HExperiment
by NAGRA) as well as research projects from industry (e.g., GECO).

A He is member of several national and international technical committees and societies
(TC256SC7 developing Eurocode7, TC218 and TC307 from the ISSMGE, CTN 140/SC7,
SEMSIG, CGS) and is currently Secretary of IGS Technical Committee on Reinforcement
(TCGR). Ivan.puig@upc.edu

igs IGS University Online Lecture Series


mailto:Ivan.puig@upc.edu

Outline

© N o Ok wWDdE

Geosynthetics for Reinforcement

Introduction

Sustainability of reinforced soll structures

Soil reinforcement conceptual mechanism
Reinforced soil walls and slopes

Veneer reinforcement

Basal reinforcement

Seismic resistance of reinforced solil structures
Summary

IGS University Online Lecture Series 5



Geosynthetics for Reinforcement

Outline

Introduction

Sustainabillity of reinforced soil structures

Solil reinforcement conceptual mechanism
Reinforced soil walls and slopes

Veneer reinforcement

Basal reinforcement

Seismic resistance of reinforced soil structures
Summary

© N O Ok wWwdE

B I D D D D N
IGS University Online Lecture Series 6



Introduction

= Barrier

Stabilization

m;h Separation

Reinforcement

LT

——

Stress relief

Protection

wa A

Fitration

INTERNATIONAL ISO
STANDARD 10318-1

2]
' Geosynthetics —
é Part 1:
Terms and definitions

Drainage

= e an i
E B ﬁ
LR

L

Surface erosion control

IGS University Online Lecture Series



Introduction

INTERNATIONAL ISO

STANDARD

10318-1

Barrier i
T == .
Separation Fitration %

Stabilization
Reinforcement Drainage
== Protection ‘5
——

Stress relief

* Barrier Systems

International Geosynthetics Society * Hydraulics
* Soil Reinforcement

» Stabilization

IGS University Online Lecture Series

Geosynthetics —

Part 1:
Terms and definitions

g ﬂ. Surli::::i(;rosion control
= 1GS Technical
|§s Committees




" INTERNATIONAL ISO
IntrOdUCtlon STANDARD 10318-1

ﬁ Barrier WT Geosynthetics —
= é Part 1:

| i X Terms and definitions
iiim )Separa‘uon Fitration %

Stabilization
Reinforcemen Drainage
Protection e
%— --—-—-»
= AL

Stress relief Surface erosion control

- IGS Technical
1 g s ‘Committees

* Barrier Systems

International Geosynthetics Society * Hydraulics
+ Soil Reinforcement >

» Stabilization

igs IGS University Online Lecture Series



Introduction

N Geosynthetics include a variety of polymeric materials that are specially
fabricated to be used in geotechnical, environmental, hydraulic and
transportation engineering applications.

N In this presentation we will illustrate the use of geosynthetlcs for the
function of Reinforcement

NISO 10312 definition of the function of Reinforcement:

NUse of the stressstrain behaviour of a geosynthetic material to
Improve the mechanical properties of soil or other construction
materials.

NISO 10318 pictogram of the Reinforcement functior | -

NIn practical terms, the geosynthetic acts as a reinforcement element
within a soll mass to produce a composite that has improved
mechanical performance over the unreinforced soill.
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Main applications

Geosynthetics fulfill the function ofreinforcement in the following
main application areas:

Reinforced soil walls

Reinforced soil slopes

Basal reinforcement of embankments:
over soft soll
over piles
over voids

Soil veneer reinforcement
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ISO/TR 18228-7

Appllcatlons Design using geosynthetics 6 Part 7. Reinforcement
J" /
7 —I Basal Reinforcement Basal Mattress
Walls and Abutments
Reinforcement over areas prone to
Reinforced Slopes Piled Embankments subsidence

Veneer Reinforcement
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ISO/TR 18228:2021

Applications
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e Veneer reinforcement:
o Landfill closures
o Shallow slope remediation
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. . ISO/TR 18228.2021
Applications

Figure 1. Slope Geometry used to derive Veneer Finite Slope Stability Equation
[Giroud et al, 1995]
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ISO/TR 18228:2021

Applications

¢ Basal reinforcement for embankments in various situations:
o Embankments in soft soils
o Embankments on network of vertical inclusions of multiple nature
o Embankments overbridging voids
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Applications
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ISO/TR 18228:2021

Applications

Geosynthetic encased

columns (GEC) ~ Basal
reinforcement
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General/brief history of soll reinforcement

A Soil reinforcement is an ancient concept, examples are the
Zigqurat in Mesopotamia and the Great Wall in China

AOnly the advent of geosynthetics allowed to engineer the
concept of soil reinforcement, thanks to the availability of
Industrialized products with constant and predictable technical
characteristics

A 40 years of successful projects and positive experiences,
extensive testing and research, development and validation of
design methods, have demonstrated the superior
performance of reinforced soll structures subjected to all
types of permanent and accidental loads

A Structures built in highly seismic areas have demonstrated the
superior resistance of reinforced soil structures that sustained
extremely strong earthguake without major damages
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General/brief history of soll reinforcement
Ziggurat of Dur-Kurigalzu at Aqgar Quf, Iraq

built in the 14th century BC by the Kassite King Kurigalzu

60 m high, built with sand and clay reinforced with reeds placed in horizontal lines
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General/brief history of soll reinforcement

GREAT WALL OF CHINA (200 B.C.)
8.5 m high, 8,800 km long

Sand and clay reinforced with dried T
branches of red willow
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Sustainability of reinforced soil structures

Reinforcement:
Steel
&
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Concrete
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Concrete L

Cantilever Reinforced soil
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Sustainability of reinforced soil structures
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Sustainability of reinforced soil structures

Construction material required for each wall option (for unit length of the wall)
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Sustainability of reinforced soil structures

Construction material required for each wall option (for unit length of the wall)
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Sustainability of reinforced soil structures

Construction material required for each wall option (for unit length of the wall)
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Sustainability of reinforced soil structures

Global warming potential (CQequivalent), for unit length of the wall:
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Sustainability of reinforced soil structures

Cumulative energy demand (G Joules), for unit length of the wall:

Cumulative energy demand (GJ)
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Sustainability of reinforced soil structures

Total cost of each wall option:
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Sustainability of reinforced soil structures

Economic inventory of materials and construction/fabrication processes
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Sustainability of reinforced soil structures

SUSTAINABILITY ASSESSMENT RESULTS:
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Sustainability of reinforced soil structures
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Soll reinforcement conceptual mechanism
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Soll reinforcement conceptual mechanism
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Soll reinforcement conceptual mechanism
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Soil reinforcement conceptual mechanism " teinforcedsoil at high
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Reinforced soil walls
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Reinforced soil walls
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Reinforced soil walls

Generalities of the Reinforced soil walls

Main components

Fill

Retained fill

Reinforced fill
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&

& ndt Natural
L] n.. L
0%, soil

Reinforcement
(geosynthetics,

_ steel Strips, . .
Foundation | AAA i 003

IGS University Online Lecture Series

46



Reinforced soil walls

Generalities of the Reinforced soil walls

Main components
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Reinforced soll walls: types of reinforcement

EN 14475:2006 EN 14475:2006

Execution of special Steel reinforcements Polymeric reinforcements

geotechnical works- %

Reinforced fill
a) Strips

————— == |

|

b) Grids
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Reinforced soil walls

EN 14475:2006

Polymericreinforcements

a) Sinps

c) Sheets
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Polymeric reinforcements
Geostrips

polyethylene sheathing

Example: Polyester yarns core,
encased in polyethylene sheating
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Reinforced soil wea
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Reinforced soil walls

Generalities of the Reinforced soil walls
Main components
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Reinforced soil walls

Precast concrete panels (partial or fulleight panels)
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Reinforced soil walls

Precast concrete panels (p
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Reinforced soil walls

Segmental masonry blocks facing
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