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

ṊIn this presentation we will illustrate the use of geosynthetics for the 
function of Reinforcement

ṊISO 10318-1 definition of the function of Reinforcement:

ṊUse of the stress-strain behaviour of a geosynthetic material to 
improve the mechanical properties of soil or other construction 
materials. 

ṊISO 10318-2 pictogram of the Reinforcement function :

ṊIn practical terms, the geosynthetic acts as a reinforcement element 
within a soil mass to produce a composite that has improved 
mechanical performance over the unreinforced soil. 

Introduction
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Geosynthetics fulfill the function of reinforcement in the following 
main application areas:

Reinforced soil walls

Reinforced soil slopes

Basal reinforcement of embankments:

over soft soil

over piles

over voids

Soil veneer reinforcement

Main applications
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Applications ISO/TR 18228-7

Design using geosynthetics ð Part 7: Reinforcement
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Walls and Abutments

Applications
ISO/TR 18228-7:2021
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Walls and Abutments

Applications
ISO/TR 18228-7:2021
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Slopes

Applications
ISO/TR 18228-7:2021
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Slopes

Applications
ISO/TR 18228-7:2021
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+

Slopes

Applications
ISO/TR 18228-7:2021



IGS University Online Lecture Series 18

ȣ+

Veneer 
reinforcement

Applications
ISO/TR 18228-7:2021
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Basal 
reinforcement

Applications
ISO/TR 18228-7:2021
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Basal 
reinforcement

Applications
ISO/TR 18228-7:2021



IGS University Online Lecture Series 21

Geosynthetic encased 
columns (GEC)

+

Applications

Basal 
reinforcement

ISO/TR 18228-7:2021
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ÅSoil reinforcement is an ancient concept, examples are the 
Ziqqurat in Mesopotamia and the Great Wall in China

ÅOnly 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

Å40 years of successful projects and positive experiences, 
extensive testing and research, development and validation of 
design methods, have demonstrated the superior 
performance of reinforced soil structures subjected to all 
types of  permanent and accidental loads

ÅStructures built in highly seismic areas have demonstrated the 
superior resistance of reinforced soil structures that sustained 
extremely strong earthquake without major damages

General/brief history of soil reinforcement
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Ziggurat of Dur-Kurigalzu at Aqar 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

General/brief history of soil reinforcement
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GREAT WALL OF CHINA (200 B.C.)

8.5 m high, 8,800 km long

Sand and clay reinforced with dried 

branches of red willow

General/brief history of soil reinforcement
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Reinforced soil

facing

Reinforcement:

Concrete
Concrete 

+ Steel

CantileverGravity

Steel
& 

Polymeric

Sustainability of reinforced soil structures 
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¿optimal?

ȣÉÎ ÔÅÒÍÓ ÏÆ 

Sustainability!

Sustainability of reinforced soil structures 
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Concrete

Construction material required for each wall option (for unit length of the wall)

Sustainability of reinforced soil structures 
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Steel

Gravity

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



IGS University Online Lecture Series 30

Backfill

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

MSEW: 
Steel

Polymeric

Global warming potential (CO2 equivalent), for unit length of the wall:

Sustainability of reinforced soil structures 
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Gravity Cantilever

MSEW: 
Steel

Polymeric

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

Sustainability of reinforced soil structures 
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MSE walls

Total cost of each wall option:

Gravity

Cantilever

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

Sustainability of reinforced soil structures 
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SUSTAINABILITY ASSESSMENT RESULTS: 

Sustainability of reinforced soil structures 
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Sustainability of reinforced soil structures 
SUSTAINABILITY 
ASSESSMENT RESULTS: 
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Soil reinforcement conceptual mechanism
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Vidal (1963)

Soil reinforcement conceptual mechanism
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Soil reinforcement conceptual mechanism
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(=ʎv,r)(=ʎv,r)

ʎh,rʎh,r

ʎh,r

41

Soil reinforcement conceptual mechanism
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Dense sand at low 
confining pressure ɣ

dilation
compressio
n

pʟeak

cʟonstant volume

Dense sand at high 
confining pressuredilation

compressio
n

cʟonstant volume

ʎh,rʎh,r

reinforced-soil at high 
confining pressure

reinforced-soil at low 
confining pressure

rʟ

rʟ

rʟ

rʟeinforced

(=ʎv,r)(=ʎv,r)

42

Soil reinforcement conceptual mechanism
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Reinforced soil walls
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Reinforced soil walls
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Facing

Natural 
soil

Fill

Reinforcement 
(geosynthetics, 
steel strips, 
ÌÁÄÄÅÒÓȣ)Foundation

Reinforced fill
Retained fill

Generalities of the Reinforced soil walls

Main components

Reinforced soil walls
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Facing

Natural 
soil

Fill

Reinforcement 
(geosynthetics, 
steel strips, 
ÌÁÄÄÅÒÓȣ)Foundation

Reinforced fill
Retained fill

Connections

Generalities of the Reinforced soil walls

Main components

Reinforced soil walls
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Steel reinforcements Polymeric reinforcements

Reinforced soil walls: types of reinforcement
EN 14475:2006
Execution of special 
geotechnical works -
Reinforced fill
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Reinforced soil walls
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Reinforced soil walls Polymeric reinforcements
Geostrips

Example: Polyester yarns core, 
encased in polyethylene sheating
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Polymeric reinforcements

Núcleo de poliéster, 
encastado en un 

recubrimiento de polietileno

Reinforced soil walls
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Facing panels 
(precast concrete) 

Natural 
soil

Fill

Reinforcement 
(geosynthetics, steel 
ÓÔÒÉÐÓȟ ÌÁÄÄÅÒÓȣ)

Foundation

Reinforced fill
Retained fill

Connections

Main components

Generalities of the Reinforced soil walls

Reinforced soil walls
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Precast concrete panels (partial or full-height panels)

Reinforced soil walls
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Precast concrete panels (partial or full-height panels)

Reinforced soil walls
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Segmental masonry blocks facing

Reinforced soil walls


