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Manufacturing of a geotextile
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The North american market

products 1993 1997 2002

millions square meters
geomembranes 58 66 84
geotextiles 333 438 581
geogrids 18 37 58
erosion control 62 98 122
CGL.s 4 " 13
bituminous 0 1 2
others 12 i 21
total 488 662 881 qmmm

reference’ [FAIl Merket repart 1335, GFR June 1997
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geosynthetics
A manufactured synthetic product used with soil, rock
or other materials
to enhance the performance of geotechnical works

geotextiles
A permeable textile product used in
contact with a soil for separation,
filtration, reinforcement and drainage

geomembranes

A synthetic low permeability material
used as liner in geotechnical applications
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Manufacturing of a geomembrane

anliction

Total sales estimation in 1995 of 1.67 billions Sus
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Geosyithetics

Geosynthetics

Geosynthetic characteristics

manufacturer & product |

structure & polymer .

.22 roll or panel dimensions -

i . thickness , mass & weight

Geosynthetic characteristics

mechanicals -

i tensile resistance (strength & elongation)

friction angle

puncture resistance:- . .-
bursting resistance "
creep

load resistance -

Creosynibetics

Geosynthetics

Geosynthetic characteristics

_* hydraulics
permeability
transmissivity

. pore size

gas diffusion

Geosynthetic characteristics

** ' durability
= UV resistance 0
Clogging (mineral & bacterial)

temperature 0
chemical resistance -
2% micro-organismes resistance
hydrolysis and oxidation resistances
: roots resistance
" creep resistance

Geotextiles

The functions

separation
 reinforcement

filtration

drainage

“puncture protection
“container
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Applications share ¢n199s
North American market (in millions square yardsy PP ) )
applicstion 1992 1993 1995 2000 %
mlnlso(r’t‘:/:mlm separation
mp separston 108 110 na 178 29 ’ fs‘-o"'
paved roads 102 102 107 [ 2
roads
“Tinivg" 65 74 0 31 3 21.0%
drainage ) a4 46 58 9 silt fence
5,0%
reinforcement 20 ] 30 47 L]
arosion
crasion 19 n 24 13 6 drainage "
9.0%
silt fense 19 20 23 32 s
landfills
22,0%
2N
total 373 398 an |( =6
g
Mioon Babmwit e e
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The products
Market share in 1995
non-wovens
short fibers 85.0%
filaments others
; ; oSt polyethylene 1.0%
ene polyester %
skit films polypropy
12% wovens
polyester 14,0%
wovens
(polyethylene)
non-wovens
polypropylene
o
knitteds 8s%
Slit film

Woven geotextiles

geotextile




A chemical bonded
non-woven geotextile

top view

A heat bonded non-woven geotextile

top siew - mazmsfied

A magnified top view of a heat bonded non-woven geotextile

continuous
filamenis
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Needling for

punched non-woven geotextile

bt o

A magnified top view of a needle non-woven geotextile
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A magnified cross view of a needle-punched

non-woven geotextile at needling hole A cross section of a needle-punched non-woven gtx
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Distance between fibers  (um)

Geotextile applications An access road: reinforcement

highways and railways
separation between soft soils and granulars

drainage systems
ponds, reservoirs & basins
erosion control: canals, sea coasts, ...
slope protectiqn

silt fences

— FEptextile




An access road: reinforcement and separation

Mechanism for silt fence

Water speed
mm/s

erosion

150 sedimentation

.40
iog Diam (mm)

A silt fence: fines retention during construction

Reinforced wall with geotextile




Reinforced wall with GTX and gabions

PRS- g

A highway trench for drainage

Trench in construction: separation

Railroad rehabilitation: reinforcement & separation

Drainage trench in construction

gra\‘ei . geotextile

pipe

Beach erosion




sandy soil

testing

ASTM tests, guides and pr;iéiices for geotextiles

| D1987.95(2002) Biological Clogging of Gebtextile or Soil/Geotextile Filers 1

D4354-99 Sanpling of Geosynihetics for Tdsting
D4355-02 Deterioration of thcxnlcrbyE 'posmto-LighLMoismrcznd Heatina-
XenonAré Type Apparatiss — T T -
D4491-99a Water Permeability of Geotextiles by Permittivity
D4533-91(1996) Trapezoid Tearing Strength of Geotextiles. -
D4594-96 Effects of Temperature on Stability of Geotextiles
. D4593-86(2001) Temsile Properties of Geoxlile: by the Wide-Widih Strip Mettiod ‘
D4632-91(1996) Grab Breaking Load and Elo: |
D4716-01the (In- planc)FlowRalechUmLW!dlh and Hydrauli issivif -
D4751.999 g Bizeofa G g - e
D4833-00¢1 Index Punclur: Rcslslancc chcolcxuls
D4873-02 Guide for 1dentification, Storage, ; and Handling of Geosynthetic Rolls

DABSY- 955ncng1.lm£$zmux_'[hmllyﬁpndnd_5ramsnrﬁcolcxulrs‘ ——— :

. D4886-88(2002) Abrasion Resi of G iles (Sand Paper/Sliding Block Metho

Relevance of gtx characteristics to functions

property reinforcoment  drainage filtration separation container
mase L4 Y
thicknews 1T "4 L4 "4 — ]
Tonsile ¥ AL 4
Taar ¥ ¥ ¥ PV
Impuct v Y v
Abrasion LA
Friction angle [ L4
permeabiiity Y Y 4 V4
wattabiilty 4 L4
Fittration opening size Y 4 i

Systems

ASTM tests, guides and practices for geotextiles (continued)

D5101-01 Measuring the Soil-Geotextile System Clogging Potential by the Gradient
Ratio

D5141-96(1999) Filtering Efficiency and Flow Rate of a Geotextile for Silt Fcncc
D5262-02a ing the Ui Tcnslon Creep Behavior-of G

D5261-92(1996) Measuring Mass per UnitArea of Gegtextiles =~ -~ ——-—~——--—

D5321-02 Determining the Coefficient of $0il and Geosynthetic or Geosynihetic and
Geosynthetic Friction by the Direct Shear Method

D5322-98 Practice for [Immetsion Proccdw es for Evaluating the Chemical Rcsmancc
D5493-93(1998) Permittivity of Under Load

D5567-94(2001) Hydraulic Conductivity Ratio (HCRY Testing oTSoﬂ/Gco(cﬂnc

D5819.99 Guide Sel Test for Experis Evaluation of G heti

D5970-96(2002) Practice for Deteriorationj of Geotextiles from Outdoor Exposure
D6241-99 Static Puncture Strength of Geolextiles Using a 50-mm Probe

_D6389-99 Tests to Evaluate the Chemical Resistance of Geotextiles to Liquids

D6707-01 Circular-Knit Geotextile for Usé in Subsurface Drainage Applications
D6767-02 Pore Size Characteristics of Geotextiles by Capillary Flow Test

Durability .|




Tensile resistance

Cigotextiles

Puncture resistance test

wavens ASTM D-is08 ASTM D 48.
strength Fiaran et § 3
kN/m . . } 1
® muiti-fitaments woven i
e, DU 2t g
r- WGBTS el fing
oc g, [ tawer wraten vimg
4 mono-filament woven
T
A -

=e sijt film NN

Fl N & Needle-punched /’

L 9 7 H
= ol Heat bonded 'f g

7

wn %

. noN-wovens 4
L . 7MY

[ ™y ﬁ
(%)
ALY = BIGRRAN
. Tear resistance Shear resistance  ASTM D 5321
ORI SE—
15 ASTM D 4533

Stvar Strous (1}

Sheer Suees {3}

i
i

Friction angle

Mono-filament
woven

Woven slit-
‘film

. Heat-bonded

non-woven

, Needle-
| punched non-
woven

Shear resistance  ASTM D 5321

inlufate (ﬂcﬁon an‘:;lé )

sands geomembranes

Conerctc Rownded  Siby et wre | eve | pve
(30°)  (28%)  (26°) @ smooth | vexwred - smooth  texmured

26 n 18 7270

24 24 23

26

i
30 26 25 5tw8 25t 0 2 ) ﬁS

' =~
Reference. Rollin 2002 & Koerner 1998




Permeability

ASTM D 4491
K=QL/A H

Q =flow

L = gtx thickpess
A= flow area

H = pressure drop

Transmissivity

© ot v

Pore size

ASTM D4751 CGSB 148.1-10

AOS
Apparent opening size

FOS

filtration opening size

-10-

Geotextiles permeability coefficient

39
Transmissivity

o 1200 gm*
—— oyt
——— 100 g

13

Trarasnissivily*16%m"

2.0

M 30 4 @ € o 8 M X

Noerti gtreas kPz)

Apparent openihg size (AOS) testing equipment




Filtration filtration
testing
equipment
Gtx free of particles
Magnified photo of recovered geotextile and upstream soil
after 8 years in service

. Magnified cross section of collected GTX: filtration

filtration

Sand particles trapped in non-woven gtx

i i Close-up at interface  lafiltration
Schematic of close-up at interface p

void

D
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A

)

s

‘_\ fiber cross sectio
o}
slity soil . "
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Particles location at cake and inside GTX

-
o
(=]

&
(=]

&
o

N
o

interface\/f

T —T T T

% area filled with particles
-]
o

°

Distance inside the geotextile (mm)

Filtration mechanism

K
Soil settlernent +
cake formation
K
Soit settlement + .
h Total loss of 11.2%
) \/\
Soil settlement +
Loss of particles + m
cake formation

Biofilm adhesion to gtx fibers

. )
® oo

maml-- | cachate flow
o

<

£

Fiber inert surface

O Dead cell

@  Living celt O biopolymer * organics

Biofilm adhesion to fibers

-12-




Biofilm adhesion to fibers

Geomembranes

Geomembranes -

Geomembranes

application

s s,
PP lined pond for blagiétiquor contaipment

property

mass
thickness

porusity

pore opening

tensile resistance
bursting resistance
puncture resistance
tear resistance
impact resistance
shear(tan gla/tan sol))
permeahitity
transmissivity

pore size

units

minimum

130

value
metimem

1000

Geotextile
characteristics

Geomembrancs

GM: North American market

22

1992 1993 1995
308 308 334
runing 93 107 114
toxic
wasles 76 76 85
Orinkable 35 35 38
o
recteationa 34 34 35
canals 19 19 ral
dams 19 19 2
others 36 22 26
total 620 620 683
Geomembranes -
application

Aluminium waste

Reynolds, Baie Comeau .

m

cap

ing

anada
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Geomembranes

application

Aluminium wastes pile capping
Reynolds, Baie Comeau

Geomembranes

thermo-plastics

elastomers

bituminous . _ ¥
GCL’s textured BESERL | forced

reinforced

Geomembranes

Geomembrane materials (continued)

elastomerics

ethylene propylene diene [EPDM]

[l chlorinated polyethylene {CPE]

chloro-sulfonated polyethylene [CSPE] (ypaton)

modified bituminous [BGM]

-14-

Geomembranes

The GM polymeric blend can be a complex recipe

lubricants <1%
plasticizer <2%
support 035%

others % vuriable
(r

co-polymer

Geomembranes

Geomembrane materials
thermo-plastics

2 High density polyethylene [HDPE]

Low density polyethylene {LDPE]

Polyvinyl chioride [PVC]

& Flexible polypropylene [fPP] |

Geomembranes

Market share in 2002

2%

4%
v~ bitumous




Geomembranes

Manufacturing

of polymeric
geomembranes

Geomembranes

estruder

Geomenbranes

-15-

Geomembranes

stretching

cooling

Geomembranes

Sheet production by melt

calandering

blown process

Geomembranes




Geomewmbranes

characteristics

Geomembranes

Tensile resistance

yield point HDPE 1.5mm
&"’__—_ VLDPE 1.0 mm

Geomembranes

Tensile resistance

strength [KN/m]

/ yield point

elongation Imm)

Geomembranes

Strength at break

3007

2007

1007

strength {kKN/m|

*

w»— elongation

fPP PVC LLDPE HDPE

elongation {%]

T 150

PP
reinforced

Geomembranes

Friction angle

Geomembrane friction angle |
Ottewa sand .
| _ongleotas-* woven

HODPE smooth 18 18 8 4 1
HDPE textured 28 quun

LLDPE smooth 22

PVC smooth 25 21 18
PVC texturé 27 23 20
PP reinforced 31 <o
fPP non reinforced 29

réferenca: Monilel 1998/Koerner 19688

Geomembranes
Friction angie
friction angle st interface
geomembrane material In contact friction angle
residual
(degrees)
PVC hatch sudace gtx non-woven # 1 281024
hatch surface gtx non-woven # 2 Mto26
hatch surface gtx nonwoven # 3 251024
hatch surface gtx nonwoven ¥ 4 20 L
amooth surface 9 non-woven # 4 01029 e
hatch eurface . g non-wouen # 5 01026
hatch surface M2
hatch surface geomesh 211018
hatch surface GCL smooth surface 2110 10
hatch surface. GCL rough surface 21to 18
PVC hatch surface Qtx nonwoven # 2 371026
HOPE textured surface 9t non-woven # 2 251015 <
smooth surface gtx nonwoven #2 TS 4-1
LDPE smooth surface gtx non-wowan # 2 6105
textured surface 9tx non-woven # 2 25t0 19

-16-




Geomembranes

Bursting resistance

strength (MPa)
40

120 T PVC

40
o
elongation (%) ref; Koerner et al 1990

Geomembranes

flexibility

Dyuarmic mechantcsi thermal anslysts (DMTA)

log E (rigidity modulus)
1

Geomembrdanes

Thermal elongation

for 32° G temparature variation of 3 0.3 m sheet length

¢ VLDPE-L. um HOPE-tS men  PP-1.0 v 1PP-R 114 roem

Geomembranes

Linear dilatation
Linear dilatation coefficient [ cm/cm/*C |
304 HDP
VLDPED
20 =
fPP
/
e m—
10 PVC
fPP-R
0 + ; } ; t
0 20 40
temperature [ *C ]
Reference: Montell

Geomembranes

Tear resistance

Tear resistance [kN]

030 T

010 1

iz PVC LDPE HDPE PP-R

[Réference: Mrntell 1998

Geomemnbranes

Puncture resistance

Tip penetration length | mm )

method ASTM D-5514
1207

HDPE CSPE-R (PP-R LDPE PVC PP
Référence: Montell

-17-




Geomembranes

Geomembranes

Thermo fusion seams for PE geomembranes

3 Single weld

Double weld

Extrusion weld

Geomembranes

Non destructive testing: double wedge seam

air

Top sheet

Bottom sheet

-18-

Geomembranes

Tensile resistance of HDPE GM

property 0638 ~pasEs |

maximum load (kPa)’_ _'
|elongation at max, load (% )

modulus (Mpa)

“Istrength at rupture (kPa)

elongation at rupture (% }

Geomembranes

Welding temperature ranges

Material
HDPE-60
VLOPE-40
fPP45R
¢ 50 260 3b0 “4bo o0 ebo
Welding temperature (deg.C)

Geomembranes

Non destructive testing: vacuum box

vacu




Geomembranes

Polyvinyle chloride

Geomembrancs

Cross section of a PVC reinforced sheet

top sheet

scrim filament

l ‘ \ bottom sheet

spacing

location not
to cut the membrane
to aveid delamination

Geomembranes

Plasticizer lost with service time in PYC geomembrane

Excellent performance ob d with 75% izer 1ost

Plasticizer lost (%)

o 1t} ! %
USBR 1984 Number of service ysar

-19-

Geomembranes

Manufacturing PVC reinforced sheet

Top sheet

\
serim

(@R

@),

Bottom sheet

Geomembranes

Types of seam with PVC GM

&~ topsheet
Singls seam 2
fusion

M bottom sheot
gluing

Double seam
fusion

Geomembranes

Flexibility as a function of plasticizer content

temperature (°C)

Trrapuasen (°C)

60 (’
40
o :
= w© P
-60
— 4 " T
N EY
Bikates 1969 percent dioctyl phtalate ( % )




Geomembranes

Tensile resistance function of plasticizer lost
in PYC geomembrane

Tensile resistance

(1bafpo?)

slongation

( N n - 0

350
Plasticizer lost { %)

Geomembranes

Forecasted functional life time of PVC gm

l PVC membrana with TiO? and exposed in Florida at Trnopan of 24.4°C

Number of years

[

0 0.6

thickness (mm})

12

Geomembranes

flexible
polypropylene =

Geomembranes

fPP panels & other flexibie materials

Material covered araa {m?)
non-relnforced reinforced
walght of 1400 kg weight 0f1800 kg
" non-reinforced )

0.50 mm 2800 3700
0.75 mm 2000 2500
1.00 mm 1500 2000

N reinforced

o 0.50 mm 2800 3700
0.75 mm 2000 2500
0.1 mm 1750 2300
1.14 mm 1400 1800

17 7 ence: Layfieid Flastics

bremerere—

Geomembranes

fPP seam resistance

Geomembranes

fPP chemical resistance

ASTM D-4437 modified PP geomembrane thickness (mm )

0.75 1.0 1.5 2.0

[Tensile resistance { Nimm ) [y 6.1 79 9.6
{mirimum s¥sngth 200%)

Pell resistance ( Nfmm 2.6 35 44 5.2

(minimum strangth ot Film-Tear Bond)

référence: Montek 1998

solution in contact for 120 days at 50 °C

concntration welght gain

- [anticifial leachate

product
creep rupfurs atrupture
ppm % Mpa Mpa %

control sampio 768 28 840
water 8.29 220 800
sodium chioride 2000 © 010 7.35 211 815
“Hketone (MEK) 1000 0.18 8.33 204 775
O-xylene | 150 " 110 7.44 218 840
trichioroathytane 475 2.00 7.55 247 835
toluena 475 2.25 6.80 19.1 775
toluene + 2% NaCl 475 2.50 7.7 18.9 765
mixture 3o 6.66 19.2 805

7 2 ence: Moniet 1998




Geomembranes

Gas diffusion through the fPP geomembrane

ASTM D-1434 gas ransmission
(cc/m®~day-atm )
methane . 80-90
oxygen 320 - 350
"7 carbonic dioxide " 771100 - 1250

r? 7 ence: Montelt 1998

Geomembranes

fPP leachate resistance

property % of variation
period of 28 months  period of 40 months

at rupture 4 2
elongation at rupture ‘2 § B4
tensile resistance 7 o -10

17 .: Monteli 1998

Geomembranes

fPP micro-organisms resistance

propeny Property retantion { %)

afer 3 months _ after # yasr __ gfter 2 years
Young modulus 102 94 97
resistance
atyield point 101 94 93
at rupture 101 83 100
elongation
atyleld point (.1 : .97 86
at rupture 96 i 97 101
7 .: Monteil 1988

Geomembranes

fPP UV resistance
Elongation at rupture Losd st rupture
[% retenu] [% retained]

0 1 2 3 {million Langleys]

0 4000 §000 12000 |hours]

B ssa el Lo28 exposition

Geomembranes

fPP soil burial resistance

property under flottation level ovar flottation level
3year 4year GByear | 3year 4year 6year

resistance at rupture (kN/m 14.8 15.1 14.2 14.7 15.4 14.8
elongation at rupture (%) 1173 1253 1233 1208 1315 1200
ensile Graves (10 kN/m) 63 84 85 67 (] 64

17 .. Comer et & 1998

Geomembranes

bituminous

21-




Geomembranes Geomembranes

PBGM manufacturing

BGM STRUCTURE

Handg
: Biumen ¢ e« plastome

Polyesior Non-woven GTK

Finer glass

Fiber glass

Anti-perferation fim

Geomembranes Geomembranes

briumen

Geomembranes Geomembranes

PBGM cross section ..
. : PBGM characteristics

|thickness ‘ mm 3.3 39 4.8 5.8 4.0
mass/area kg /@ 3.7 4.5 55 6.5 4.8
roll tength m 100 80 65 55 80
roll width m 5.15
roll area me 515 I 412 { 335 | 283 [ 412
. roll weight kg 2000

Anti-perforation film .

22-



Geomenbranes

PBGM characteristics

S =1 ] 5 > T
resistance at KN/m [NEPBaSOT [ 14 20 25 30 23
break

% [NFPB45DY > B3
static puncture N [NFP84s07| 300 450 500 800 550
dynamic puncture J [NFPB84353 18 20 22 24 21

granuiar puncture KN {NF PB4 510 . 15 | . > 30 .
friction angle - {wFendes2 32 -
watar parmeability} m3/m2/ [NF P84 515 <104
flexibility (coid) ¥ |NFPB43SO 0 I ] I [ l [ [ -15

Geomembrancs
Seaming manually a PFBGM with propane torch

Geomembrunes

GCL

Geomembranes

PBGM installation on top of slope

Geomembranes

Automated seaming of PBGM on flat surfaces

\ »

el i f
L

Geomembrancs

Products Sa8mn

textile bentonite + bondigg agemt
GCL 5 SR T3 I B O RIS ED,

v

textile benw:')

textile )

3.




Geomembranes Geomembranes

GCL products (continued) GCL manufacturing

bentonite

bentonite + bonding agent

textile roll

l : bentonite

3

hydrated modified bentonite

 textile roll

| .

(15 to 25%
humidity)

thin textile

Geomembranes Geowmembranes

GCL manufacturing

bentonite textile roll

neddling

bentonite

(16 to 15%

 textile roll humidity)
Geosynthetic clay liner Geomembranes
AR IS GCL hydratation time
nesdied H ” ) % 3 2 R 4
Bentofix NS 5kg/f granular Na waven g R SRS e i
Bentofix NW S kg/rf powder Na *  non-woven _
Bantotx WP 3.5 kgir powderNe. nanoven W (Us) Hydraulic gradient of 25, d=0,7 cm
Bentofix ES S kg/nf powder Na non-woven woven inter.
Bentomat ST, HD, DN_5 kg/rf granular Na . woven 110 g : non-waven 200¢m 107 +
Bentomat HS 5 kg/r granular Na _wovn reinforced; non-woven reinfofc.
. H . -] 10% T incontact k=078 10 my/s
sewsd . e S — lo-’ -+ 2
Claymax S00SP ;5 kg/ri granuler N woven polyester. tissé polypropylénie 100 mm 1
NaBento 5 kgif powder Cs aci, non-woven PP nen-issé PP 20 mm 10
. | : o Nssd inter, 101 L 1
Modulo Geobent . granulsr Na + polymer  woven woven govjons 10/ 100 1004,
chemical 101
Claymax 200R | granutar Na'+ ghie | woven woven 10° back face /
Gundsesl ganule Na s gue | geolim PE aucune serim 2080 10¢
hydraé Rewelt  granutar Ca + polymer  thin textile micune 7
107 -
E rvr; o or < spaces et textil thermal L L L
queSe - power.* specer. e . m 1 10 100 1000
Trisoplast gel + sand gectextia on site none ? hydratation period (k) Ref.: Heyer 1992
réfbrances G4 & it 2

24-




Geomembranes

GCL permeability

Water content (%} Parmeability coef. (m/s)

|
17 2x107°
50 4x107°
100 1x10°?
125 —<4x10%

Geomembranes

GCL permeability

permeability (mis )

Bentofix  Bentomat  Cleymax Gundseal ¥ested Gundeesl

.dry products [
contact with 5x 107
synthetic isachate |

et T a0t 2x107

48 h saturation _ ;
contact with 4x 107

_synthefic isachate o i i .

produits pr? hydrat? ]
contact with

synthotic leachate | SR A

48 h saturation . .
contact with 1x w02 | 2x 10" 7x 102
real leachate !

Tax 1o 2k 10

T ex0v 3x 109

i
i
i

synthetic leachata = concentration Ca of 1000 mgA
7.7 ance Ruhl et Danie} 1997

Geomembranes

GCL permeability

' permeability (cmvs)
107

Bentofix, Bentomat, Claymax, Gundsed

lower Iimls
10 30

100

20
aormal toad (Iby/po?)
: l référence: Daniel et Gilbert 1994
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