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The Ziggurat of Agar-Quf, 5km north of Baghdad, is 
believed to be some 3000 years old and is constructed of 
clay bricks reinforced with woven mats of reeds. 

Historically speaking

The Great Wall of China is 
also constructed of a 
mixture of clay and gravel 
reinforced with tamarisk 
branches (Jones 1996).
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Historically speaking

Cairn of Newgrange: 
Ø=85m and H=12m  
(Ireland) in 3200 AC 
(O'KELLY, by J. KERISEL 
(1993))
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Geo + textiles (synthetics): combination of soil and 
polymeric textile products 

Water Permeable product (except geomembrane)

Development in the Netherlands (’60): Oosterschelde

• dams: reinforcement

• filtration and drainage

Originally speaking

Geocomposite: geotextile + 
natural protection with reeds
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1. Characteristics and properties of the raw materials

2. Properties of geotextiles

3. Description of « geosynthetics »

4. Roles and functions

5. Durability

6. Design

1. Retaining wall: internal stability

2. Filtration system: permeability and retention (filtration) criteria

3. Environmental engineering: waste storage

Support: Utilisation des géosynthétiques en génie civil (L. Courard– Code AEES 55.061)

Scope of the lecture



Characteristics and properties of the 
raw materials



University of Liège 7 Building Materials Unit

Polymer structure: solids with covalent bonds

(a) linear polymer 
(fusible, easy to 
recycle)

(a) tridimensional 
polymer (non-
fusible)
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Raw materials
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Polyamid (NH-(CH2)y-NH-CO-(CH2)x-CO

• good mechanical properties, resistance to abrasion

• sensitivity to water

Polyethylen and polypropylen

• no sensitivity to acid and bases

• creep (threshold: 10% - speed: high because Tg = -10°C)

Polyesters (PET) COOH-R1-COOH + OH-R2-OH

• high E modulus, low thermal susceptibility

• sensitivity to high alkaline materials

• creep (threshold: 40% - speed: low because Tg = 70°C)

Raw materials
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1. Polyester

2. Polyamide

3. Polypropylene
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Qualitative stress-strain curves for various 
filaments
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Property POLYESTER POLYAMIDE POLYPROPYLENE

Specific mass (kg/m³) 1380 1140 900

Modulus (N/mm²) 20000 4000 1750

Tensile strength (N/mm²) 1100 900 190

Elongation (%) 15 15 380

Melting point (°C) 260 250 165

Resistance to micro-organims X X X

Resistance to acids X O X

Resistance to alkali O X X

Resistance to oxidation X O X

Resistance to U.V. X O O

x GOOD

o QUITE GOOD

Characteristics of the polymers



Properties of geotextiles
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• tapes: extruded films of PE-PP

good tensile strength, low water permeability, low 
puncture resistance

• mono filaments: usual woven textile

excellent filter (constant opening size), high 
mechanical properties

• multi filaments: many filaments of some 
daµm diameter

high mechanical properties

Fabrication technique: woven (tissés)
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monofilament/monofilament

monofilament/multifilaments

monofilament/tapes

tapes/tapes

Fabrication technique: woven
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PET multifilament woven fabric
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PP-Film

PP-Tapes

AGI

PP tape production
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• thermobonded : bonding by calendering (thermo 
fusion)

high initial modulus, low tear resistance (rigid
connections), lower porosity

• spunbonded: connections with needles

better transmission of stress, conservation of 
polymer integrity, higher elongation, higher
permeability

Fabrication technique: non woven (non tissés)
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NEEDLEPUNCHBONDED

THERMOBONDED

Fabrication technique: non woven
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AGI

Non woven thermo-bonded
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1. Woven PP fabric

2. Non-woven PP 
thermobonded 
fabric

3. Non-woven PP 
needled fabric

Tensile stength on narrow strip
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Geotextile Permeability (cm/s)

Monofilament woven 10 to 10-2

Tape woven 10-2 to 10-3

Non woven thermobonded 1 to 10-2

Non woven chemically bonded 10-2 to 10-3

Non woven needlepunched 1 to 10-2

Water permeability of geotextiles



Description of « geosynthetics »
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uniaxial grid

biaxial grid
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Fabrication technique: geogrids
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Ca 25 mm

AGI

coating

Coated PET-geogrid
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Laserwelded

X-welded

AGI

Welded PET-geogrids
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33mm
AGI

Punched holes in a PE liner
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163mm AGI

Uniaxial stretched PE-geogrid
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AGI

Biaxial stretched PP-geogrids
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Water 
drainage

Extruded 
spacer

Geocomposits for drainage
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To improve granular soil shear strength

HDPE strips 200mm wide 
and 1.2mm thick

Ultrasony welded with 
33cm intervals

Placed directly on the 
sub-soil surface and 
opened in an accordian-
like fashion

Filled with sand and 
compacted

Fabrication technique: geocells



University of Liège 31 Building Materials Unit

Effective until plants grow

Biodegradable

• jute (Corchorus) from 
India, Bangladesh or 
Thaïland;

• coco (coco filaments) 
from India or Sri 
Lanka

Natural products
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Properties Non woven 
(thermobonded)

Non woven 
(needlepunched)

Woven Grid Composite 
grid/geotextile

Surfacic mass 
(g/m²)

70 - 400 100 - 2000 100 - 300 200 - 1000 20 - 2000

Thickness (mm) 0.2 - 2 0.2 - 5 0.2 - 1.5 2 - 6 2 - 40

Tensile strength 
(kN/m)

4 - 30 4 - 50 20 - 1500 2 - 150 20 - 400

Elongation at 
break (%)

20 - 70 50 - 150 10 - 35 10 - 40 -

Apparent 
opening size 
(mm)

0.06 - 0.15 0.06 - 15 0.05 - 1.5 30 - 110 -

Permittivity (1/s) 0.2 - 2 0.2 - 2.5 0.05 - 0.5 - 0.05 - 10

Properties of geosynthetics



University of Liège 33 Building Materials Unit

Geomembranes

� Waterproofing (≠ geotextile)
� PVC: polar polymer
� PE: apolar polymer

� Mechanical resistance (tensile, puncture): 
protection with geotextile

� Resistant to chemical products



University of Liège 34 Building Materials Unit

Geomembranes
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AGI

fibers As 
waterproofing 

layer

Geo-clay-liner
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AGI

dry

wet

Waterproofing 
membrane

Geo-clay liner



Roles and functions
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Separation Filtration Reinforcement

Protection Waterproofing Drainage

Erosioncontrol

Functions of geosynthetics
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SEPARATION (S)
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Separation
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AGI

With geotextile

Without geotextile

Separation
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PROTECTION (P)
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PROTECTION (P)
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REINFORCEMENT (R)
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9.5m

8m

Reinforcement
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Reinforcement
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Reinforcement
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FILTRATION (F)
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FILTRATION (F)

Drainage trench
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Football and sportive area



University of Liège 51 Building Materials Unit

DRAINAGE (D)
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Resevoirs, dams Liquid waste CanalsSolid waste

Roads Railroads Erosion 
protection

Retaining walls

Tunnels Drainage systems

Application of geosynthetics
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Geomembranes: applications



Durability
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• interaction soil-geosynthetics

• physico-chemical environment

• degradations during on site works

• creep of the material and the fabric

safety coefficients on products

nyx

ultime
permis SF ..... SF . SF

T
  T =

Properties and durability
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Geosynthetic Max. Size 102mm
D50/30mm

Max. Size 20mm
D50/0.7mm

HDPE uniaxial grid 1.20 – 1.45 1.10 – 1.20

PP biaxial geogrid 1.20 – 1.45 1.10 – 1.20

PVC coated PET geogrid 1.30 – 1.85 1.10 – 1.30

Acrylic coated PET geogrid 1.30 – 2.05 1.20 – 1.40

Woven gtx (PP&PET) 1.40 – 2.20 1.10 – 1.40

Non woven gtx (PP&PET) 1.40 – 2.50 1.10 – 1.40

Slit film woven PP gtx 1.60 – 3.00 1.10 – 1.20

Installation damage reduction factors (AASHTO, 1997)
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polyethylen and  polypropylen : oxidation, heat, UV rays, leachates

polyesters (PET) : hydrolysis, surface abrasion due to high alkalinity levels

EFFECT OF TEMPERATURE

Product 3<pH<5 5<pH<8 8<pH<9

PET gtx 2 1.6 2

PVC coated PET geogrid 1.3 1.15 1.3

PE&PP gtx 1.1 1.1 1.1

PE&PP geogrid <1.1 <1.1 <1.1

Durability reduction factors (AASHTO, 1997)
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Woven geotextiles

Influence of polymer and product type (Van 
Leeuwen, 1977)
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uniaxial PEHD geogrid 

Effect of loading rate (Mc Gown and all, 1982)
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Confining effect (MacGown, 1982)
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• polypropylene geosynthetics en : SF = 4

• polyethylene geosynthetics en : SF = 4

• polyamide geosynthetics en : SF = 2.5

• polyester geosynthetics en : SF = 2

Safety coefficient for creep
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100 x 
 tg

 tg
  E

φ

δ
=

Efficiency in contact angle
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Soil-to-fabric friction angles and efficiencies 
in cohesionless soil (Martin and all, 1984)

Geotextile type Concrete sand 
Ø=30°

Rounded  sand 
Ø=28°

Silty sand 
Ø=26°

Woven, 
monofilament

26° (84%) - -

Woven, silt film 24° (77%) 24°(84%) 23°(87%)

Non woven, melt-
bonded

26° (84%) - -

Non woven, 
needle-punched

30° (100%) 26°(92%) 25°(96%)
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• type of filament

• tension strenght of the 
filament

• density of knitted 
points

• type of knitting

• number of knitted lines

(Diaz, 1985)



Design: retaining wall
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ADVANTAGES
•Flexible wall system 

•Minimum excavation behind face 
of wall

•No corrosion 

•Backfill can contain fines

•Drainage with geotextiles

•Unskilled labor used

•No heavy equipment

DISADVANTAGES
•Design method quite 
conservatives

•Fabric interaction not often 
considered

•Creep

•Wall face must be covered (UV, 
vandalism)

Retaining wall



University of Liège 67 Building Materials Unit

Without face anchoring system With face anchoring system

Retaining wall: systems
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The weight of the wall P is combined with earth pressure A to produce a 
resultant R transfered to the soil by the foundation slab.

A high quantity of concrete is necessary to give the weight

Global design

H

L
PR

A

Retaining wall (Bolle, 2002)
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soil bearing capacity
Rupture types
• Sliding
• Soil puncture
• Internal stability
• Settlement (rotation)

Sliding
SF = 1,5

Soil puncture
SF = 2 à 3

Retaining wall (Bolle, 2002)
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Internal stability 
(flexion) Settlement

Rotation

When WATER :
- additional sollicitations
- decreasing of strength

Necessity of a good drainage system !

Retaining wall (Bolle, 2002)
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1. Set form on completed lift

2. Unrool the fabric and position it

3. Place backfill to about half of the total lift 
height

4. Make a windrow to slightly greater than 
full lift height against the form

5. Place the fabric « tail » over the windrow 
and lock into place with backfill

6. Complete backfilling for planned lift 
thickness

7. Reset the form and repeat the sequence

Retaining wall (Bolle, 2002)
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Retaining wall: internal stability
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σh = σhs + σhq + σhl

where

σh = total horizontal pressure

σhs = Ka.γ.z = pressure due to soil

σhq = Ka.q = pressure due to surcharge load

σhl = P. x².z/R5 = pressure due to live load

Retaining wall: internal stability
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1

2

3

4

Retaining wall: internal stability
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Installation 
damage

Creep Chemical 
degradation

Biological 
degradation

Retaining 
walls

1.1 to 2.0 2.0 to 4.0 1.0 to 1.5 1.0 to 1.3

Slope 
stabilization

1.1 to 1.5 1.5 to 2.0 1.0 to 1.5 1.0 to 1.3

Railways 1.5 to 3.0 1.0 to 1.5 1.5 to 2.0 1.0 to 1.2

Retaining wall: safety coefficients on the 
products
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Geosynthetics have a high tensile strength.
Tensile strnegth is transferred to soil by shear stresses (friction) :

ττττ is limited by sliding soil-reinforcement : ττττ ≤≤≤≤ σσσσ.tanΨΨΨΨ, with ΨΨΨΨ ≤≤≤≤ φφφφ

Internal stability T T+dT

dL

σ

σ
τ

∫ τ=τ=
dL

0
dL..2dx..2dT

Verifications of internal stability:
- rupture par excess of traction in the geosynthetics,
- rupture par sliding soil - reinforcement.

Retaining wall: internal stability (Bolle, 2002)



Design: drainage system
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Principe : permettre l’écoulement de l’eau en 
retenant la plupart des particules de sol

Filtration
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Comme l'eau s'infiltre dans un sol, 
des particules migrent vers le filtre 
mais un état stabilisé apparaît au 
bout d'un certain temps. Les 
particules plus grosses que les 
ouvertures du géosynthétique sont 
retenues en amont alors que les 
particules plus petites pénètrent 
partiellement le géosynthétique et 
sont partiellement retenues en 
amont de celui-ci. 

Filtration
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Interaction sol - géotextiles
• le sol : granulométrie, coefficient d'uniformité, compactage, plasticité, cohésion;
• les caractéristiques de la nappe : porométrie (Omax), épaisseur, perméabilité à 
l'eau, compressibilité, structure;
• les conditions hydrauliques : écoulement unidirectionnel ou réversible, gradient, 
précipitations chimiques, attaque bactériologique;
• les conditions d'installation : endommagement de la nappe lors de son 
installation.

Ψ permittivité = kn/e

= Q/∆h. A (loi de Darcy)

CRITERE: Ψ > C.ks

Filtration: critère de perméabilité
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ψψ

BCCCIVCRCS

ultpermis
FSx  FSx  FSx  FSx  FS

1
  = 

Application Colmatage

du sol

Fluage Remplissage

des vides

Colmatage 

chimique

Colmatage

biologique

Ouvrages de retenue 2.0 à 4.0 1.5 à 2.0 1.0 à 1.2 1.0 à 1.2 1.0 à 1.3

Drains enterrés 2.0 à 4.0 1.0 à 1.5 1.0 à 1.2 1.2 à 1.3 1.2 à 1.3

Contrôle de l’érosion 2.0 à 4.0 1.0 à 1.5 1.0 à 1.2 1.0 à 1.2 1.2 à 1.5

Centres d’enfouissement 2.0 à 4.0 1.5 à 2.0 1.0 à 1.2 1.2 à 1.5 1.5 à 3.0

Drainage gravitaire 2.0 à 4.0 2.0 à 3.0 1.0 à 1.2 1.2 à 1.5 1.2 à 1.5

Drainage sous pression 2.0 à 3.0 2.0 à 3.0 1.0 à 1.2 1.1 à 1.3 1.1 à 1.3

Filtration: critère de perméabilité
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dx : dimension des particules de sol dont x% sont 
inférieures à d

Oy : dimension des ouvertures du géotextile dont y% 
sont inférieures à O

CRITERE: Of < λr.d85

Filtration: critère de filtration (rétention)
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85d

A.O.S.

85d

A.O.S.

85

f

d

0

90

90

d

0

PAYS AUTEUR λr CONDITIONS ET VALEURS DE r

U.S.A. GIROUD (1982) 1 < Cu < 3 Cu > 3

Sol lâche

Cu0,3 9 Cu-1,7

Sol dense

2 Cu0,3 18 Cu-1,7

SUISSE FHWA (1985) 1<Cu<2 2<Cu<4 4<Cu<8 Cu > 8

1,0 0,5 Cu 8/Cu 1.0

FRANCE CFGG 1 < Cu < 4 Cu > 4

i < 5 5<

i<

20

20<i<40 i < 5 5<

i<

20

20<i<40

Sol lâche ou non confiné 0,64 0,

51

0,38 0,8 0,

64

0,48

Sol dense et confiné 1,00 0,

8

0,6 1,25 1,

00

0,75

BELGIQUE NBN S 29001 2

Filtration: critère de filtration (rétention)
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10

60
 u

d

d
 = C

Type de granulométrie

< 2 très uniforme

2 à 5 uniforme

5 à 20 peu uniforme

> 20 très peu uniforme ou étendue

Filtration: critère de filtration (rétention)
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1. Sable de 
Rhin

2. Sable de 
Zandvliet

3. Limon 
d’Ans

4. Terre 
plastique

5. Bentonite

Filtration: critère de filtration (rétention)

d85
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Critère de perméabilité: Ψ > C.ks

Critère de filtration : Of < λr.d85

Filtration: critères



Design: waste storage
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Environmental engineering



University of Liège 89 Building Materials Unit

MAIN PRINCIPLES

• Waterproofing must be maximum

• Hydraulic gradient must be minimum

• Waterproofing must be aeternal

• Capping must protect against pollution 
(water, odors)

• Natural waterproofing (geology) as high 
as possible

Environmental engineering: waste storage
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Rabattement 2
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Environmental 
engineering: 

regulation

Flandre

Fond

déchets

système de drainage
couche de protection
géomembrane 2,5 mm
couche de protection

ou système équivalent agréé par
l'autorité compétente

Capping

terre arable

terre de 2ème catégorie

argile

géomembrane 2,5 mm

1 à 3 m d'argile; k < 1.10-9 m/s

0,7 m

0,3 m

0,5 m d'argile; k < 1.10-9 m/s



University of Liège 92 Building Materials Unit

Waterproofing-drainage system in Hallembaye
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Pumping system for gas collection
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Schematic diagrams for 
forces involved with 

cover soils on 
geomembrane-lined 

slopes
a) Uniform (constant) 

depth of soil
b) Non uniform (tapered) 

depth cover soil

Environmental engineering: waste storage
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Environmental engineering
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Environmental engineering



University of Liège 97 Building Materials Unit

Environmental engineering

Pierdop
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Environmental engineering
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Hot-air 
welder

Extrusion 
welder

Hot-
wedge 

Environmental engineering: gmb welding



University of Liège 100 Building Materials Unit

Environmental engineering
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Geomembranes

� Dual Seam Test
� Le dispositif de mise en pression comprend :

� une aiguille creuse ;
� un manomètre de 0 à 250 kPa;
� un obturateur ;
� un compresseur d’air.
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Geomembranes

� Dual Seam Test
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Geomembranes

� La séquence de mise en pression du joint est 
la suivante :
� mise en pression à 200 kPa ;
� maintien pendant 2 minutes pour permettre la 

relaxation et la mise en place du matériau ;
� mise en pression définitive à 200 kPa ;
� maintien pendant 5 minutes.

� Critère d'acceptation du joint: la chute de 
pression enregistrée pendant la période des 5 
minutes doit être inférieure à 30 kPa
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Geomembranes

� Cloche à vide
� Le dispositif de mise en dépression comprend : 

� une cloche à vide (60 cm x 20 cm) (photo 2) ;
� un joint d’étanchéité ;
� une pompe à vide ;
� un dispositif de limitation de dépression.

� Ce contrôle s’applique :
� aux points triples ;
� aux réparations ;
� aux soudures réalisées par air chaud (4-5 tests par 

soudure) et aux zones soudées à la main ;
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Geomembranes

� Cloche à vide
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Geomembranes

� La séquence de mise en pression du joint est 
la suivante :
� identification de la zone à contrôler ;
� badigeonnage de la zone à contrôler à l’aide d’une 

eau savonneuse ;
� mise en place de la cloche à vide ;
� application de la dépression de 30 kPa pendant 20 

secondes ;
� observation de la présence éventuelle de fuites.

� Critère d'acceptation: aucune fuite
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Geomembranes

� Fil électrique
� Etablir une différence de potentiel importante 

(9 kV) entre un palpeur que l’on déplace le 
long d’un joint soudé et un fil de cuivre noyé 
dans la masse de la soudure 

� En cas de non-continuité de la soudure, un arc 
électrique se produit, ce qui permet de détecter 
un défaut de soudure.
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Geomembranes

� Fil électrique
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Geomembranes

� Epaisseur
� Essais destructifs

� Cisaillement

� Pelage
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Geomembranes

� Essais destructifs: soudures doubles
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Geomembranes

� Essais destructifs: soudures extrudées


