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Historically speaking

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.
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mixture of clay and gravel
reinforced with tamarisk
branches (Jones 1996).




Historically speaking

Cairn of Newgrange:
@=85m and H=12m
(Ireland) in 3200 AC
(O'KELLY, by J. KERISEL
(1993))
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Originally speaking

Geo + textiles (synthetics): combination of soil and
polymeric textile products

Water Permeable product (except geomembrane)

Development in the Netherlands ('60): Oosterschelde

e dams: reinforcement — e

o filtration and drainage

Geocomposite: geotextile +
natural protection with reeds
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Scope of the lecture

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 geosynthétigues en génie civil (L. Courard— Code AEES 55.061)




Characteristics and properties of the
raw materials




Polymer structure: solids with covalent bonds

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




Raw materials

polyéthyléne (PE)

éthyléne CH, = CH,
—{ o, — CHH;;
polypropyléne (PP)
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propyléne o, = L | :
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chlorure de vinyle CH,= CH

polychlorure de vinyle (PVC)
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Raw materials

Polyamid (NH-(CH,)y-NH-CO-(CH,)x-CO
e good mechanical properties, resistance to abrasion

e sensitivity to water

Polyethylen and polypropylen
* no sensitivity to acid and bases
e creep (threshold: 10% - speed: high because T, = -10°C)

Polyesters (PET) COOH-R,-COOH + OH-R,-OH

e high E modulus, low thermal susceptibility
e sensitivity to high alkaline materials

e creep (threshold: 40% - speed: low because T, = 70°C)




‘ Qualitative stress-strain curves for various
filaments
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Characteristics of the polymers

Property POLYESTER POLYAMIDE POLYPROPYLENE

Specific mass (kg/m3) 1380 1140 900
Modulus (N/mm2) 20000 4000 1750
Tensile strength (N/mmg2) 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

0 QUITE GOOD




Properties of geotextiles




Fabrication technique: woven (fisses)

o tapes: extruded films of PE-PP

good tensile strength, low water permeability, low
puncture resistance

e mono filaments: usual woven textile

excellent filter (constant opening size), high
mechanical properties

o multi filaments: many filaments of some
daum diameter

high mechanical properties




Fabrication technique: woven
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‘ PET multifilament woven fabric
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PP tape production
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Fabrication technique: non woven (non #sses)

» thermobonded : bonding by calendering (thermo
fusion)

II‘ 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
nermeability




‘ Fabrication technique: non woven
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Non woven thermo-bonded
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‘ Tensile stength on narrow strip
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Water permeability of geotextiles

Geotextile Permeability (cm/s)
Monofilament woven 10 to 102
Tape woven 102 to 103
Non woven thermobonded 1to0 102
Non woven chemically bonded 102 to 103
Non woven needlepunched 1to 1072




Description of « geosynthetics »




« pas de gaze » reinforcement

niaxial grid
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‘ Fabrication technique: geogrids
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Coated PET-geogrid
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‘ Welded PET-geogrids
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‘ Punched holes in a PE liner
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Uniaxial stretched PE-geogrid
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‘ Biaxial stretched PP-geogrids
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Geocomposits for drainage

Water
drainage

0o
1

75

50
[

Transmissivité (L.m/10 cm)

1=1.0

T T 1
€00 700 800
Pression appliquée Nim?

25 Transmissivité {L.m/10cm}
T i= 1.0
20
15 Extruded
)y spacer
10 45— - . 1=025
. i= 0,125
54 - i= 0,083
i= 0.042
° H T T T 1
[ 100 200 300 400 500 800

Pression appliquée N/m?
{b) GEOCOMPQSITE AVEG ESPAGCEUR EXTRUDE




Fabrication technique: geocells




Natural product

Effective until plants grow

Biodegradable

o jute (Corchorus) from
India, Bangladesh or
Thailand,;

 coco (coco filaments)
from India or Sri
Lanka




Properties of geosynthetics

Properties Non woven Non woven Woven Grid Composite
(thermobonded) (needlepunched) grid/geotextile

Surfacic mass 70 - 400 100 - 2000 100 - 300 200 - 1000 20 - 2000
(9/m?)
Thickness (mm) 0.2-2 0.2-5 0.2-15 2-6 2-40
Tensile strength 4 -30 4 -50 20 - 1500 2-150 20 - 400
(KN/m)
Elongation at 20-70 50 - 150 10-35 10 - 40 -
break (%)
Apparent 0.06 - 0.15 0.06 - 15 0.05-15 30 - 110 -
opening size
(mm)
Permittivity (1/s) 0.2-2 0.2-25 0.05-0.5 - 0.05-10




Geomembranes

= Waterproofing (# geotextile)
2 PVC: polar polymer
o PE: apolar polymer

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

= Resistant to chemical products




Geomembranes

# :
- University of Li

HDPE
ot
MDPE

ECB/PE

ECB

CPE

plasti-
£ié 2)

Bitume

Résistance & la perméance aux :

- métaux lourds et liaisons
inorganiques

- liaisons organiques

- ions métalligques et produits
organiques complexes

Résistance aux produits chi-
miques :

- essence et huile

- @au de percolation d'ordures
ménagéres 1)

hydrocarbures

hydrocarbures aromatisés
acides dilués

acides concentrés

milieu fortement oxydant

Résistance au stress-cracking

Caractéristiques mécaniques :

- résistance A la rupture &
court terme

- résistance A la déchirure
& court terme

- résistance au poingonnement

Résistance A l'allongement

biaxial de longue durée :

- avec un allongement autorisé
de 5 %

- avec un allongement autorisé
de 5 &4 10 %

- avec un allongement autorisé
de 10 &4 20 %

Durabilité :

- résistance A& la lumiére
solaire

- résistance au vieillissement

intrinséque
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Geo-clay-liner

Géotextile non-lissé Fibres cousues
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‘ Geo-clay liner



Roles and functions




Functions of geosynthetics

Separatlon
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Protection

Filtration

Waterproofing

Erosioncontrol .




SEPARATION

T A) Geometrical separation
i» | Example: anti-contaminant layer

Characteristics to be taken into account

Functional | permeability —— permittivity
Bspet filtration diameter

static
tearing —[
dynamic

Operational _mechanical resistance| piercing

b

\

1

1
aspect J
tension

stitching

Assembling method{ eventually overlapping, B
depending on soil J

 J

COMMENTS

Prevents intermingling of two
layers and thus the mixing of two
types of soil possessing different
characteristics and properties

Water must flow freely in the
structure without build up of pore
pressures.

The choice of filtration diameter
should be a compromise, to allow
both the free flow of water and
good retention of soil particles.

Resistance to stresses and con-
cenlrated forces.

Membrane effect
Localized deformation.

Stitching is recommended, even
imperative on highly compressible
soils.

The overlap should be adapted ac-
cording to the technical (defor-
mability of geotextile, bearing
capacity of soil) and economical
(size of overiap, surface lost)
parameters.




Separation
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Separation
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SEPARATION

B) Mechanical separation

Example: protection of an impermeable liner

Characteristics to be taken into account

tension, modulus
_ bursting
Functltonal piercing _[ perforation
aspec puncturing

I

friction, anchoring

Operational { tearing ]

e perforation _I

stitching

Assembling me‘“"d‘[overlapping

COMMENTS

Transition layer, performing damp-
ing function.

Capacity to withstand concen-
trated forces at, for example, point
of fissure of a rigid structure.

Capacity to resist localized me-
chanical pressures (stone, boul-
der, rock) appearing, for example,
at the surface of a badly graded or
badly compacted layer.

Capacity to propagate or distri-
bute localized stresses over a
large area.

Same as above, but applying dur-
ing installation of geotextile.

This ensures uniformity of fabric
and thus, an homogeneous beha-
viour of the whole.

Acceptable in special working
conditions (homogeneous and not
very deformable subgrade).
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REINFORCEMENT COMMENTS

Involves providing the soil with
cohesion by incorporating an ad-
ditional element to take over a
part of the tensile forces.

Example: reinforcement
of a soil mass

Characteristics to be taken into account

Capacity, depending on the type
of reinforcement, to take over a
part of the tensile stresses.

— tensile strength, modulus, deformability —

In order that a geotextile can take
) flexibility over tensile forces, it must be an-
Functional ___| anchoring chored in the soil, otherwise it
aspect friction may lead to slippage and resulting
failure of the structure.

v

L creep, fatigue

If the geotextile js subjected to
continuous or repetitive forces,
this must be taken into account,
Operational : so that the structure can be
asppect —— tearing designed correctly.

Assembling method stitching »  Essential.




Reinforcement




Reinforcement




Reinforcement

&
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FILTER

Example: drainage trench

Characteristics to be taken into account

permeability normal to plane e
Functional thickness }permlttlwty —
aspect filtration diameter

flexibility —
Operational . , piercing ;
aspect —mechanical resustance—[ F—— }— tearing —F—»

Assembling method«l:g;'ifélﬁiﬂzmg 021003 m

v

COMMENTS

Lowering of the water table:
— system simple lo realize

— effective over a large area
— possibility of deformation

High permittivity causes small losses of
pressure head and thus large flowing
capacity through fabric.

A carefully selected filtration diameter
provides good retention of particles
without giving rise to high losses of
pressure head.

A flexible geotextile:

— provides a better soil/geotextile inter-
face

— prevents soil particles from washing
out

— stabilises and checks migration of
moving particles.

Any alteration in the continuity of the
fabric will give rise to unstable areas,
with internal erosion of the soil mass.

Sufficient overlapping in normal applica-
tions, otherwise increase to 1 m, if ne-
cessary.

Best method, but may appear too expen-
sive and therefore unwarranted for a
structure of this type.
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Football and sportive area

couche drainante

sol de couverture
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DRAIN

Example: vertical drains

Characteristics to be taken into account

Functional
aspect

of geotextile

filtration diameter

Operational ‘ Eggzlrllzstrength
aspect limited deformability

permeability along plane
transmissivity —
thickness, compressibility

permittivity ——

1

J

Assembling method [ iﬁglr:?r?g

COMMENTS

Consolidation of a highly com-
pressible soil, with a high water
content.

Capacity to quickly dissipate pore
waler pressure in a $0il mass.

Capacity of geotextile to offer low
resistance to water penetration
through fabric.

Capacity of geotextile to with-
stand stresses during installation;
should be compatible with sur-
rounding medium.




‘ Application of geosynthetics
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' 7
Solid waste Canals
4
Retaining walls Erosion
protection

Resevoirs, dams Liquid waste
Roads Railroads
////
Tunnels

2/

Drainage systems




Geomembranes: applications

L~

Storage of
Various Liquids

Reservoir Liners

Underground Storage Tank Liners
and Piping Systems

@
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Landfill Liners

Storage of

Various Liquids

Reservoir Covers

Cutoff Wall Barriers

=l®) Solid Waste_ O
NN/ © :

Landfill Covers
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Earth and EarttvRock Dams

Water Reservoir 1
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Stone Masonry Dams

—Z WA
A
A
A
Water AANAINLTAA
Reservoir AR A
—

Inflatable Dams

Water Reservolr

Concrete Dams

Water

Steel
Impoundment

Framework

Reservolr

Increase Spillway Capacity




Durability




Properties and durability

« interaction soil-geosynthetics
e physico-chemical environment
e degradations during on site works

e creep of the material and the fabric
——> safety coefficients on products

— -El‘rime
156""“5‘513.55....55




Installation damage reduction factors wastro, 1997

Geosynthetic Max. Size 102mm Max. Size 20mm
D50/30mm 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




‘ Durability reduction factors wastro, 107

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

——> polyethylen and polypropylen : oxidation, heat, UV rays, leachates

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

10 > EFFECT OF TEMPERATURE




Influence of polymer and product type wa

Leeuwen, 1977)
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EffECt Of |Oad|ng rate (Mc Gown and all, 1982)

TOTAL STRAIN
(%)

'
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Confining effect wacsown, 1982
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‘ Safety coefficient for creep

« polypropylene geosynthetics en : SF = 4
e polyethylene geosynthetics en: SF = 4
o polyamide geosynthetics en: SF = 2.5

o polyester geosynthetics en : SF = 2




‘ Efficiency in contact angle

T96
Tgo

E = x 100

Geotextile
on block

where
& = triction angle
geotextile to soil

¢ ¢, = adhesion geotextile
’ 10 soil

o, = N/A

7=T /A




Soil-to-fabric friction angles and efficiencies
in cohesionless SOl wertin ana ai, 1959

Geotextile type  Concrete sand Rounded sand | Silty sand
@#=30° B#=28° B=26°

Woven, 26° (84%) - -

monofilament

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

Non woven, melt- | 26° (84%) - -

bonded

Non woven, 30° (100%) 26°(92%) 25°(96%)

needle-punched
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5 v :
. o type of filament
./ i /1)
SSa-1 SS5a S5Ss

e tension strenght of the

filament
[ &/ [ & e density of knitted

5Sn-1 SSn-2 $Sn-3 p O I n tS

e type of knitting

e number of knitted lines

(Diaz, 1985)




Design: retaining wall




Retaining wall

reinforced R A
earth £ S
_______ =
structure Rz ‘cFi)ralnage ]
T VC : ‘." 8 "
___________ y Pipes .« 4 O
T MR T
- - 8. .7
Cornappo \ ., © ;
creek . S
: 0&. e ..‘ “° - .

existing
house

ADVANTAGES

*Flexible wall system

eMinimum excavation behind face
of wall

*No corrosion

eBackfill can contain fines
eDrainage with geotextiles
eUnskilled labor used

*No heavy equipment

DISADVANTAGES

*Design method quite
conservatives

eFabric interaction not often
considered

*Creep

Wall face must be covered (UV,
vandalism)




systems

‘ Retaining wall

renforcement en

thétique rock

géosyn

matériau de remblai

élément de base

MACONO

élément latéral

élément de colonne




Retainin g Wa 1 (Bolle, 2002)

Global design

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 guantity of concrete is necessary to give the weight




Retainin g Wa 1 (Bolle, 2002)

Sliding
SF=1,5

-

Soil puncture
SF=23a3

soil bearing Capacity

A:ih .
l I
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Retainin g Wa 1 (Bolle, 2002)

Internal stability
(erxion)’\\\ |

1.

if
I

|y
|

Settlement
Rotation

When WATER : *
- additional sollicitations
- decreasing of strength

mmp Necessity of a good drainage system !

AT

A;."““ -

N
&
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res brom ..
'ﬂ% R Retalnlng wall sore, 2002
/ !

Tail

Geotextile
(tabric)
Ed B T i T T

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: internal stability

P, l l P, = (Live loads)

Y
Surcharge D
Y

=7
L -
/
z C N y
6"”\ //=i * LE—" Trq Tne On
" (> + :
' A ~
C s
L ) -
+
C/ 45 + ¢/2
i g \ “ “ —
| Soil pressure Surcharge  Live-load Total lateral
Lo il pressure prassure pressure
- L ¢|




Retaining wall: internal stability

Oh = Ohs + Ohg + Onl
where
on = total horizontal pressure
ons = Ka.y.z = pressure due to soil
Onq = Ka.q = pressure due to surcharge load

on = P. x2.z/R> = pressure due to live load




Retaining wall: internal stability

- __ [ 1 ]
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Retaining wall: safety coefficients on the

products
Installation Creep Chemical Biological

damage degradation | degradation
Retaining 1.1t0 2.0 20t04.0 1.0to 1.5 1.0t0 1.3
walls
Slope 1.1to 1.5 1.5t0 2.0 1.0to 1.5 1.0t0 1.3
stabilization
Railways 1.5t0 3.0 1.0to 1.5 1.5t02.0 1.0to 1.2




Retaining wall: internal stability e 2002

Internal stability

dL

Geosynthetics have a high tensile strength.
Tensile strnegth is transferred to soil by shear stresses (friction) :

dT = JOdL 2.1.0x = 2.1.dL

T s limited by sliding soil-reinforcement : 1 < o.tan¥, with'W < o

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




Design: drainage system




Filtration

SOL

GEOTEXTILE

4

!

Principe : permettre |I'écoulement de I'eau en

retenant la plupart des particules de sol




Filtration

SOL Comme l'eau s'infiltre dans un sol,

des particules migrent vers le filtre
mais un état stabilisé apparait au
bout d'un certain temps. Les
particules plus grosses que les
ouvertures du géosynthétique sont
. retenues en amont alors que les
6 + particules plus petites pénetrent

» partiellement le géosynthétique et

GEOTEXTILE -/7///”/1 L ,,/I,,l”h,/‘ 77 sont partiellement retenues en

3 amont de celui-ci.

FILTRE NATUREL

VOUTES

ENROCHEMENT Y




Filtration: critere de perméabilité

Interaction sol - géotextiles

e le sol : granulométrie, coefficient d'uniformité, compactage, plasticité, cohésion;
e les caractéristiques de la nappe : porométrie (Omax), épaisseur, permeéabilité a
'eau, compressibilité, structure;

e les conditions hydrauliques : écoulement unidirectionnel ou réversible, gradient,
précipitations chimiques, attaque bactériologique;

e les conditions d'installation : endommagement de la nappe lors de son
installation.

W permittivité = k_ /e
= Q/Ah. A (loi de Darcy)
CRITERE: W > C.k,




Filtration: critere de perméabilité

i 1
permin = Walt | B TS o % FSpy % FS o x F g

W

Application Colmatage Fluage Remplissage Colmatage Colmatage

du sol des vides chimique biologique
Ouvrages de retenue 2.0a4.0 1.5a2.0 1.0a1.2 1.0a 1.2 1.0a1.3
Drains enterrés 2.0a 4.0 1.0al5 1.0a1.2 1.2a1.3 1.2a1.3
Controle de I'érosion 2.0a4.0 1.0a1.5 1.0a1.2 1.0a 1.2 1.2a1.5
Centres d’enfouissement 2.0a4.0 1.5a2.0 1.0a1.2 1.2a1.5 1.5a3.0
Drainage gravitaire 2.0a4.0 2.0a 3.0 1.0a1.2 1.2a1.5 1.2a1.5
Drainage sous pression 2.0a 3.0 2.0a 3.0 1.0a1.2 1.1a1.3 1.1a1.3




Filtration: critere de filtration (rétention)

d, : dimension des particules de sol dont x% sont
inférieures a d

O, : dimension des ouvertures du géotextile dont y%
sont inférieures a O

CRITERE: O; < A..dg:




Filtration: critere de filtration (rétention)

PAYS AUTEUR Ar CONDITIONS ET VALEURS DE r
U.S.A. GIROUD (1982) 1<Cu<3 Cu>3
Sol lache
Cu®3 9 Cul’
Sol dense
A O S 2 Cu0’3 18 Cu_1’7
SUISSE FHWA (1985) dg, 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
A.0.S. - -
d 1<5 5< 20<i<40 1<5 5< 20<i<40
85 i< i<
20 20
Sol lache ou non confiné 0,64 0, 0,38 0,8 0, 0,48
51 64
Sol dense et confiné 0, 1,00 0, 0,6 1,25 1, 0,75
d,. 8 00
BELGIQUE | NBN S 29001 0
oo
d90

N\
&




Filtration: critere de filtration (rétention)

Type de granulométrie

trés uniforme

uniforme

peu uniforme

trés peu uniforme ou étendue

C _de
b le
<2
2ab
5a20
> 20
%0 D'as _'{[_]]_ Das}/
b e e . o] P R ey el ol et
80 f' i /
70 / : }
|
80 +
g 50 / :L lxai /
TE 40 -JA/—
£ 4 // A
N /
N4
o8 0.002 0.006 0.02 0.06 0.2 06 2 6

Diamétre de tamisage (mm)




de filtration (rétention)

: Critere

Filtration
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Filtration: criteres

Critere de perméabilité: W > C.k,

Critere de filtration : O; < A..dg:




Design: waste storage




Environmental engineering

University of Liege 88 Building Materials Unit



Environmental engineering: waste storage

MAIN PRINCIPLES

e Waterproofing must be maximum

e Hydraulic gradient must be minimum
o Waterproofing must be aeternal

o Capping must protect against pollution
(water, odors)

* Natural waterproofing (geology) as high
as possible




MAES TREGHTIAN CHALK GECHMEMERANE

IMPERVIOUS COVER
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ALLUVEAL
CEROSITS

GEQMENMT RANE
SECTITE
WATERTABLE IN WESTPHALIAN SHALES

MEUSE RIVER




Flandre
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S systeme de drainage
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Waterproofing-drainage system in Hallembaye

Drain secondaire

Tuyau dramant FEHD 300 mm

Enpierrement drainant non caleaine 50 om
Ceéotextile ants-contaminant

Ceatextile
de protection

neembrane Stanche

Argile compactée 75 cm

Presswon hydraulique ascendante




Pumping system for gas collection
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Environmental engineering: waste storage

(b)

Schematic diagrams for
forces involved with
cover soils on
geomembrane-lined
slopes

a) Uniform (constant)
depth of soil

b) Non uniform (tapered)
depth cover soll




Environmental engineering




Environmental engineering
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‘ Environmental engineering: gmb welding
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Geomembranes

= Dual Seam Test

= Le dispositif de mise en pression comprend
2 une aiguille creuse ;
o un manometre de 0 a 250 kPa,;
2 un obturateur ;
2 un compresseur d’air.




‘ Geomembranes

= Dual Seam Test
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Geomembranes

= La ségquence de mise en pression du joint est
la suivante :
mise en pression a 200 kPa ;

maintien pendant 2 minutes pour permettre la
relaxation et la mise en place du matériau ;

mise en pression définitive a 200 kPa ;
maintien pendant 5 minutes.

= Critere d'acceptation du joint: la chute de
pression enregistrée pendant la période des 5
minutes doit étre inférieure a 30 kPa




Geomembranes

= Cloche a vide

= Le dispositif de mise en depression comprend :
o une cloche a vide (60 cm x 20 cm) (photo 2) ;
0 un joint d’étancheéite ;
0 une pompe a vide ;
0 un dispositif de limitation de dépression.

= Ce controle s’applique
0 aux points triples ;
0 aux réparations ;

o aux soudures realisees par air chaud (4-5 tests par
soudure) et aux zones soudées a la main ;




Geomembranes

= Cloche a vide




Geomembranes

= La ségquence de mise en pression du joint est
la suivante :
identification de la zone a contrdler ;

badigeonnage de la zone a controler a l'aide d’'une
eau savonneuse ;

mise en place de la cloche a vide ;

application de la dépression de 30 kPa pendant 20
secondes ;

observation de la présence eventuelle de fuites.




Geomembranes

= Fil électrique

= Etablir une difference de potentiel importante
(9 kV) entre un palpeur que I'on déeplace le
long d’un joint soudé et un fil de cuivre noye
dans la masse de la soudure

= En cas de non-continuité de la soudure, un arc
électrigue se produit, ce qui permet de détecter
un défaut de soudure.




Geomembranes

= Fil électrique

Current Goenoralor and
Spark Indicator \ sc:s

[ 0% 1
15o%

°* ® E Displays

Good Seam - No Spark Transmussion

S50%
Conduciive Plate \ | ”
1
/ or Probe —{GHo%__ \ _100%
Questonable Seam - Partal Spark
Transmission
Imbedoed Copper
Wee
5(:%
~ -
L_{Poo{o% 100%
-~ (' -
4 \ Poor Seam - Full Spark Transmission
Extrusion F Geomemdranes




Geomembranes

= Epaisseur

= Essais destructifs
o Cisaillement




Geomembranes

= Essais destructifs: soudures doubles

Schematic of
Untested Specimon

Weld B Waild A Top Sheet

c —
— ~

Bonom Sheet

Direction of Initial Peel

Locus-of-Breoak Broak
Types of Break Code Description Classification?
[ — AD Adhesion Tailure. Non-FTB

Break in sheeting. Break
= c::i, 9‘—'%? — BRK can be in either top or FTB

bottom sheet.

Break at outer edge of
r 5_} SE1 seam. Break can be 8

T < 3 in either top or bottom
éii sheet.

Break at inner edge of
C 7 SE2 seam through both FTB

é—\\—:} shoots.

Break in lirst seam
c:: after some adhesion
( 3 — AD-BRK failure. Break can be FTB
f in @ither the top or
bottom sheet.




Geomembranes

» Essais destructifs: soudures extrudées

Schematic of
Untested Specimen

Bead Ouser Ares

gﬁ_@g’““

Locus-of-Break Break
Types of Dreaks Code Description Classification®
eI Failure in adhesion. Specimens
— AD1 may also delaminate under the Non-FTB
bead and break through the thin
i extruded malterial in the outler area.
[ ————Y
ﬂ&- AD2 Falure in sadhesion. Non-FTB
_ Oft-Center Bead
Break through the hillet. Breaks
# through the lillet range from
breaks starting at the edge of B
'ﬂ AD-WLD the 1op sheet 10 breaks through Non-FTB
the filet after some adheson
gﬂﬂ—h: failure between the fillet and
the bontom sheet.
2
4
== Broak at seam edge. Indicate FT
se location by 1, 2, or 3, S
3 1
2 Break in the sheol, Use 1 1o
indicate bottom sheet and 2
BRK 10 indicate 1o0p sheetl. I break FTB
3 is in buffed area, Indicate
with =(8)".
Break in the bontom sheeting
%__, AD-BRK after some adhesion failure FTre
—— between the fille! and the bottom
sheet. (Applicable 10 peel only),
Break at the edge of the
HT hot tack for specimens which No Tost

could not be delaminated in
the hot tack.




